Quasiexciton insulator in a film of ferromagnetic Co / SiO2 nanocomposite
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The effect of the magnetic field H on thermo-power (TP)  in films of magnetic nanocomposites (NC) with nanoparticles (NP) Co in Al2O3 and SiO2 matrices was studied. The result was estimated as the coefficient of magneto-TP - δα = [(αH-α0) /α0]% at the temperature of 90 K, where αH is the magneto-TP at H = 5 КOe, α0 is the value of the TP  at H = 0 Oe.

 For NC Co / Al2O3, the value δα > 0 exceeds the value of ≈70% [1]. For Co / SiO2, δα is negative and reaches ≈ -90% [2]. The concentration of Co did not exceed the percolation threshold values. Such sharp difference of magnetic characteristics of the NC can be explained by the features of the composition and magnetic properties of the NP. Hopping conductivity in NC occurs due to vacancies of oxygen in the matrix and NP. In the Al2O3 matrix, the magnetic moments of the FM NP and free electron spins in the external field H are collinear [1]. This leads to their mutual "repulsion" in the process a transport and substantially reduces the number of scattering NP’s. The consequence of this is an increase in the conductivity of the films and their αH, which reaches a giant value of ~ 0.01 V / K [1].
The ferromagnetic (FM) NP consisting of Co in an oxygen-containing matrix is covered with an CoO [3]. In the SiO2 matrix, δα <0 is a consequence of the interaction of electron spins and positively charged magnetic oxygen vacancies (OV) with the Co-CoO [4] interface, stimulated by the magnetic field. Spins and magnetic moments of OV are antiparallel in an external magnetic field, which leads not only to the Coulomb, but also to the magnetic attraction of electrons and OV. As a result, the electron "sticks" to the OV, a state arises that excludes electrons from transport processes due to the small mobility of the OV. Such a state can be called a quasi-exciton dielectric (QED). The QED lifetime is probably not large, but this leads to an increase in the resistance of the NC and a significant negative value of δα.

In Co / Al2O3 QED does not arise due to a large dielectric constant ((Al2O3 - ε = 10; SiO2 - ε = 3.9). The degradation of the magneto-TP over time indicates the significant role of the OV.   

Thus, the dependence of the TP on the magnetic field in films of ferromagnetic nanocomposites is of a general nature and is determined by the interaction of the components of the magnetic moments of the NC. The collinearity of the magnetic moments determines the presence of a giant positive magneto-TP, in contrast, their antiparallelism lead to a significant negative magneto-TP.
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