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The value of the exchange integral J, describing the exchange interaction between the 

magnetic ions is one of basic parameters characterizing DMS. For the classical DMS (II-VI 
chalcogenide containing Mn2+) a model describing a set of energy levels for the ion pair, 
neglecting the ion-lattice coupling can be applied and the J value can be precisely determined 
using an inelastic neutron scattering or a magnetic step measurements. ZnO containing Co2+ 
ions is an important and widely investigated DMS for which exist two, very different J values, 
corresponding to two pairs of the nearest magnetic neighbours and for which the ion-lattice 
coupling cannot be neglected. Because of these circumstances, the usual experimental 
methods which determine the exchange integrals does not work for ZnO:Co which crystallize 
in the wurtzite structure and only a variety of rough estimates or theoretical prediction of 
these integrals can be found in the literature. 

In this paper we demonstrate that Raman spectroscopy can be a perfect tool to get the 
precise information about the value of the first, more important exchange integral describing 
the superexchange interaction between Co2+ ions in ZnO matrix and to estimate with a 
reasonable accuracy the value of the second one. To achieve this goal, bulk Zn1-xCoxO mixed 
crystals containing a few percent of Co was grown using chemical vapor transport (CVT) in 
Zn rich conditions. The partial replacement of Zn2+ ions in the ZnO lattice by Co2+ ions was 
confirmed by both Raman spectroscopy and PL measurements. Small supplementary 
structures observed at low frequency in the Raman spectra resulted from the electronic 
transition to the lowest excited state of Co2+ ion pair. The more intense peak was related to the 
energy level set resulting form the principal exchange integral, the other one was interpreted 
as related to the energy level set resulting from the second exchange integral. This 
interpretation was confirmed by calculations, demonstrating a significant modification of the 
energy levels scheme of Co-Co pair by interaction of Co ions with the crystal environment. A 
fit between the observed and calculated frequencies of these structures allowed to determine 
the values of two principal exchange integrals.  
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