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INTRODUCTION

There has been a growing interest in the separative effects 
established by force Þ elds on Cr isotopomers under various 
states of aggregation. This interest is dictated by the observation 
that the extent of the separative effect is basically controlled 
by the oxidation state of Cr metal in the compound of interest. 
This fact has major implications for several problems, such 
as, for example, the quantiÞ cation of natural attenuation and 
the effectiveness of reactive barriers in limiting environmental 
contaminations caused by Cr6+ spills, the investigation of intra-
cellular reduction kinetics, the assessment of T, fO2

 ß ow paths 
of underground waters, etc.

Picrochromite, being the major component of the primary ore 
mineral from which Cr-based industrial reactant is derived, is of 
central importance in deciphering the isotopic imprinting of the 
production process. Moreover, as a component of the spinel phase 
in ultramaÞ c rocks, it is also of central importance in the isotopic 
investigation of water-rock interaction processes.

In the present paper, we present the results of an ab-initio 
investigation of the static and vibrational properties of MgCr2O4 
and a thermal analysis of the Cr-isotope separative effects in-
duced by the crystal structure.

COMPUTATIONAL DETAILS

Computations have been carried out with the development version of the 
CRYSTAL03 program (Saunders et al. 2003). All-electron calculations were per-
formed within the LCAO (Linear Combination of Atomic Orbitals) approach at the 
Hartree Fock (UHF) level and with a Kohn-Sham Hamiltonian. Estimation of the 

correlation effects has been obtained through the hybrid B3LYP functional (Becke 
1993; Stephens et al. 1994), which contains a hybrid HF and density functional 
exchange-correlation functional combining the Becke three-parameter exchange 
functional and the LYP (Lee et al. 1988) correlation functional. 

The adopted basis set for the two MgCr2O4 polymorphs is the same as that used 
by Catti et al. (1999) for the same substance, i.e., [8-411G*] for O; [8-511G*] for 
Mg; and [8-6-411(41)G] for Cr. Atomic energies for single atoms were obtained 
adding two more diffuse shells to the crystal set in order to better account for wave 
tails of single isolated atoms (for a recent discussion on this topic see Dovesi et al. 
2005). Cut-off limits in the evaluation of Coulomb and exchange series appearing 
in the SCF equation for periodic systems were set to 10�7 (coulomb overlap toler-
ance), 10�7 (coulomb penetration tolerance), 10�7 (exchange overlap tolerance), 
10�7 (exchange pseudo-overlap in the direct space), and 10�14 (exchange pseudo 
overlap in the reciprocal space) (see Saunders et al. 2003). The DFT exchange-
correlation contribution is evaluated by numerical integration over the cell volume 
(Pascale et al. 2004). Radial and angular points of the atomic grid are generated 
through Gauss-Legendre and Lebedev quadrature schemes and grid pruning has 
been applied, as discussed by Pascale at al. (2004), that contains M radial points 
and a variable number of angular points, with a maximum of N points on the 
Lebedev surface in the most accurate integration region, in the following referred 
as (M,N)p. A preliminary investigation on the Mg52Cr2O4 isotopomer of the cubic 
Fd

�
3mZ polymorph at the B3LYP level of theory indicated that, mainly due to the 

presence of a heavy atom in the structure, frequencies are sensibly affected by the 
sampling grid, while the effect is less evident on the bulk electronic energy and 
optimized geometry (Table 1). Increasing the number of maximum angular points 
from 434 to 974 while keeping constant the number of radial points (75), one 
observes a generalized increase in linearized frequencies which may attain +66 
cm�1 in the worst case. The zero point energy increases of roughly 2 × 10�3 hartree 
but this increase is counterbalanced by a similar decrease in the total electronic 
energy of the substance. The cell edge at the variational limit does not change 
appreciably (i.e., from 8.4192 to 8.4180 Å). A further increasing of the size of the 
grid to (99,1280)p brings no practical beneÞ ts with respect to the grid (75,974)p 
(see Table 1). Therefore, the grid (75,974)p has been adopted for all calculations. 
The reciprocal space was sampled according to a regular sublattice with a shrink-
ing factor IS equal to 8 (Saunders et al. 2003), corresponding to 29 independent k 
vectors in the irreducible Brillouin zone.* E-mail: giotto@dipteris.unige.it
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ABSTRACT

Ab-initio thermophysical properties and isotopic separative effects in MgCr2O4 were computed 
with the CRYSTAL03 code. All calculations were carried out within the LCAO approach (Linear 
Combination of Atomic Orbitals) by using the Hartree-Fock and the hybrid B3LYP density functional 
methods. Vibrational frequencies have been computed at the long-wavelength limit corresponding 
to the center of the Brillouin zone (k → 0). Since thermodynamic functions depend on the phonon 
dispersion relation, the ab-initio based vibrational analysis of the optical modes has been coupled with 
the semiempirical Kieffer model for the acoustic modes, which is based on a sine wave dispersion 
equation. All computed magnitudes (zero point energy, internal energy, Helmholtz free energy, optical 
vibrational modes, thermal corrections to internal energy, enthalpy and Gibbs free energy, thermal 
pressure, bulk modulus and its P and T derivatives, entropy, isochoric and isobaric heat capacity, and 
isotopic separative effects) are consistent with direct observations and/or reasonable estimates, within 
the accuracy of the method. The computed separative effects are similar to those observed in other 
Cr3+-bearing substances. The crystal Þ eld seems to have no inß uence on the separative effect for an 
isotopomeric couple with respect to an isolated gaseous couple with Cr3+ as central cation. 

Keywords: Ab-initio thermochemistry, picrochromite, Cr-isotopes, Cr-fractionation, vibrational 
properties, thermal physics


