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Experimental and ab initio study of the EFG at donor
impurities in the Cr2O3:Ta semiconductor.

In thisworkwe report Time-Differential - Perturbed-Angular-Correlation (PAC) experiments on 181Hf(→181Ta)-
implanted Cr2O3 polycrystalline samples (in their corundum phase) determining the magnitude and symme-
try of the electric-field gradient tensor (EFG). The PAC experiments were carried out at 333 K in order to
have only the electric quadrupole interaction, since above the Neel temperature (TN=308 K), the system has a
paramagnetic behaviour. We performed the PAC measurements after each step of a series of thermal anneal-
ings in air in the range 673 K –1273 K, in order to obtain the maximal substitution of Ta impurities at defect
free Cr sites in the semiconductor crystal structure. Two hyperfine interactions were detected in the spectra,
but only one of them is well-defined and account for the shape of the spectra. This interaction increases its
fraction as the annealing temperature and time increase, until it begins to disappear as was the case in the
isomorphous Al2O3:181Ta system. The experimental results are compared with ab initio calculations in the
framework of the Density Functional Theory (DFT) and with predictions of the Point Charge Model. The ab
initio calculations was carried out with the FP-APW+lo method (embodied in the WIEN2K code) with 1:12
of impurity dilution (with respect to the cations). The more intense interaction is also the only one that is in
perfect agreement with the ab initio predictions.
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