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Introduction

Co3Al2Si3O12 garnet crystallizes in two isostructural poly-
morphs, the Co(α)- and Co(β)-forms showing space group Ia3d. 
The in-situ transformation between the Co(α)- and Co(β)-forms 
has never been observed, therefore, the thermodynamic behav-
ior of the phase transition is not known. Their structures differ 
slightly, as shown for example in ratios of the shared octahedral 
dodecahedral edge to the shared dodecahedral-dodecahedral 
edge distances. The unit-cell volume of the α-form measured 
at ambient conditions is slightly lower than that of the β-form 
(1503.07 and 1505.18 Å3, respectively). Some crystal structure 
differences are shown for the atomic coordinates of the oxygen 
atom (Ohashi et al. 1981, 1995). The stability fields of the two 
phases are dependent on pressure, with the β-form being the 
low-pressure phase (Ohashi et al. 1981, 1995).

The crystal structure of garnet can be described in terms of 
isolated ZO4 tetrahedra sharing corners with YO6 octahedra, 
thereby forming a three-dimensional network in which cavities 
constituting eightfold-coordinated dodecahedra, XO8, are located 
(see e.g., Armbruster and Geiger 1993; Merli et al. 1995; Geiger 
and Armbruster 1999). In Co3Al2Si3O12 garnet the Z, Y, and X 
sites are occupied by Si, Al, and Co2+, respectively. Electronic dd-
transitions of VIIICo2+ (d7-configuration) cause a spectacular red 
color and several intense optical absorption bands in the visible 
and near infrared range in Co-bearing garnets (Ross et al. 1996; 
Geiger et al. 2000; Taran et al. 2002). As proposed theoretically 

(Milman et al. 2001) and established experimentally (Taran et al. 
2002), the energies of the VIIICo2+ bands increase with pressure 
due to shortening of the Co-O distances. 

Pressure-induced phase transitions in 3dN-ion bearing crystals 
are marked in absorption spectra as discontinuities in the energies 
of the absorption bands (e.g., Ross and Sowerby 1999). As the 
X-ray diffraction measurements at high pressure have reached 
an excellent level of accuracy, allowing determination of reliable 
crystal-structure data (e.g., Nestola et al. 2004 and references 
therein), it is possible to investigate even the small geometrical 
changes in crystal structures and relate them to the spectroscopi-
cally registered phase transitions. The aim of the present work is 
to determine by means of optical absorption spectroscopy and X-
ray diffraction whether the isostructural Co(β)- to Co(α)-garnet 
phase transition can be induced by hydrostatic compression of 
Co(β)-garnet at room temperature. 

Experimental details
The garnet single crystals were grown by the hydrothermal method using a belt 

type high-pressure apparatus (Fukunaga et al. 1979). The starting material was a 
mixture of 3CoO, Al2O3, and 3SiO2. The mixture, wetted by H2O, was heated at 900 
°C and 5 GPa for 3 h. The �������������������������������������������������������       run ���������������������������������������������������      product contained����������������������������������      dark red�������������������������    ������������������������  isometric���������������   �������������� garnet grains 
ca. 0.1–0.2 mm in diameter ����������������������������������������������������        and some other materials (Ohashi et al. 1981). �����Most 
garnet crystals contain numerous black inclusions of 10–30 µm size. Prepared as 
polished thin plates the samples are highly transparent and display a deep purple 
color, whereas the inclusions acquire a very dark blue color. 

The high-pressure spectroscopic measurements in the UV-VIS-NIR were 
carried out on a thin, inclusion-free self-supporting garnet plate polished on 
both sides. Initially, the plate was of 55 µm thickness, allowing measurement of 
relatively weak e- and f-bands of Co2+ (see below), but still too thick to measure 
the more intense g-band which, in addition, significantly increases with pressure. 
The first set of high-pressure spectroscopic measurements was obtained on such * E-mail: taran@igmr.relc.com
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Abstract

The pressure-induced behavior of spin-allowed dd-bands of VIIICo2+ in the absorption spectra of 
synthetic Co3Al2Si3O12 garnet was studied from 10–4 to 13 GPa. The plots of the peak energy vs. pres-
sure for the three sharpest well resolved bands at ca. 5160, 17 680, and 18 740 cm–1 display small but 
discernible breaks in linear relations between 4 and 5 GPa. �������������������������������������������    Data from single-crystal X-ray diffraction� 
likewise show discontinuities in trends of CoO8 polyhedral volume and distortion, and Co-O and Si-O 

bond distances over this pressure range. These effects are related to a pressure-induced phase transition 
from the β- to α-isostructural polymorph of Co3Al2Si3O12.
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