Mesoscopic Quantum Coherence in Fe-8 molecular clusters
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We present resonant experiments on Fe-8 magnetic clusters which indicate the existence of quantum coherent oscillations of the spin 10 of these molecules.

The samples investigated are a Fe-8 single crystal and an oriented powder of Fe-8 microcrystallites embedded in an epoxy. Frequency changed from 680 MHz to 110 GHz and temperature ranged from 25 mK to 10 K, under magnetic fields from 0 to 7 T.

The absorption spectra for the oriented powder was measured at T = 25 mK and T= 1 K and for frequencies f1 = 680 MHz, f2 = 41 GHz, f3 = 51 GHz, f4 = 72GHz, f5 = 86 GHz and f6 = 101 GHz. In Figure 1 we show the position of the two peaks observed at each frequency. The inset of this figure shows the two resonant peaks obtained at f = 680 MHz for applied magnetic fields H1 = 2.3 T and H2 = 3.6 T.  The measurements on the single crystal were performed at 4.2 K for 40 different frequencies between 40 GHz and 110 GHz. The position of the resonant absorption peaks for the single crystal is shown in figure 2. 

The energy level structure appearing from the diagonalization of the spin Hamiltonian H = -DSz2 + ESx2 + C(S+4 + S-4) - g(BH(sin( Sz + cos( cos( Sx + sin( cos( Sy) is used to fit the position of all the absorption peaks. (-( and ( are the polar and azimutal angles of the applied field with respect to the coordinate axes, where the z-axis and the xy-plane correspond respectively to the easy axis and hard magnetic plane of the molecule. The values of D = 0.229 K, E = 0.093 and C = 2.9 10-5 K obtained from the fitting procedure are in full agreement with those previously reported [1,2]. 

 
To conclude, we have observed resonant peaks in Fe-8 molecules as a function of the magnetic field perpendicular to the easy axes. Our experiments cover the range of frequencies between 680 MHz and 110 GHz which allowed us to detect coherent spin quantum oscillations for different orientations of spin S = 10. 
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Figure 1: Absorption Frequencies of the peaks in front of the transverse applied magnetic field for two different orientations of the hard axis. The inset shows the absorption spectra at 680 MHz for T = 25 mK and T = 200 mK. 

Figure 2: Absorption peaks in front of the applied magnetic field for single crystal. The lines represent the fitting for ( = (/2.
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