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In this research, the impurity ion (Fe’*) was substituted into sapphire (AlO3) and
were studied theoretically and experimentally. A natural sapphire, violet red in color,
was obtained from Tanzania. The polished crystal was annealed in an oxygen
atmosphere for 12 hours at 1200, 1300, 1400, 1500°C and 1600°C subsequently and
results in the color change to red and better clarity.

Electron spin resonance (ESR) spectra in X-band (~9.05 GHz) were recorded by
mounting the crystal with the c-axis both perpendicular and parallel to the magnetic
field direction. The spectra were recorded in the range of 0 degree to 180 degrees for
every 15 degrees of rotation angle. There are five main ESR absorption peaks
occurring at the resonance magnetic field values of about 86, 149, 300, 505 and 705
mT where c-axis is perpendicular to the applied magnetic field direction. In most of
the cases these five peaks remained almost constant while being rotated around the
axis. While for the case of the c-axis parallel to the applied magnetic field direction,
all the five main peaks strongly depend on the rotation angle. However, the spectra at
various rotating angles have inverse symmetry about the angle defined as a 90 degree
angle. For theoretical calculations we calculated the energy levels of the Fe** ions
substituting for AP for the case of Fe** ion replacing at the AP’* site and the
Fe’* ion being displaced by 0.1, 0.2 and -0.1 A along c-axis.

The results demonstrated two unshifted energy levels at 52000 and 32000 cm™
while some others increase or decrease as the location of impurities displaced. From
the magnetic field and spin interaction Hamiltonian, the splitting of ground state
energy levels were calculated as a function of applied magnetic field for both Fe** and
Cr*" impurity ions. A computer program written by Mathematica was used to
iteratively solve for the resonance magnetic field as a function of the rotating angle.
These calculated values are in good agreement with measured ESR spectra.
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