Electrochemical and magnetochemical study of Manganese(IV) clathrochelate
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Clathrochelates represent a special type of macrobicyclic complexes containing metal ion in a three-dimensional cavity. Using template synthesis method we managed to obtain a unique Mn(IV) clathrochelate (Ph4As)2[Mn(C12N12O6H12)]∙13.5H2O (1) (Fig. 1).
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	Figure 1. Molecular structure of hexahydrazide cage manganese(IV) complex.



The cyclic voltammograms of 1 in acetonitrile solution reveal two one-electron quasireversible oxidation processes at E1/2 = 0.050 V with (Ep = 80 mV and at E1/2 = 0.540 V vs. Fc/Fc+ with (Ep = 84 mV which can be assigned to the Mn5+/4+ and Mn6+/5+ redox couples, respectively. At higher potentials, (1.1 V), the irreversible redox feature is also observed. Scanning towards the negative potentials (down to -1.5 V vs. Fc/Fc+) did not reveal the reduction events. In aqueous solution, two quasireversible redox processes are registered as well, however, that observed in the negative potential range (at E1/2 = -0.374 V vs. Ag/AgCl with (Ep = 86 mV) can be evidently ascribed to the one-electron reduction to Mn3+ (Fig. 2). At higher potentials, another redox wave is observed (at E1/2 = 0.840 V vs. Ag/AgCl with (Ep = 90 mV) which is probably corresponds to one-electron oxidation Mn5+/4.

The value of the effective magnetic moment, (eff, at 300 K of 4.01 (B (Fig. 3) is close to the spin-only value for three unpaired electrons (3.87 (B). The magnetic moment is constant in the range of 5–300 K, which indicates a high spin ground state of manganese(IV) (S=1.5). Below 5 K, (eff slightly drops till 3.94 (B at 1.85 K due to magnetization saturation at 0.5 T. 
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	Figure 2. The cyclic voltammogram of 1 in aqueous solution (1 mM) with addition of  NaClO4 (1 M) as supporting electrolyte in the range of -0.7 – -0.2 V at a scan rate of 25 mVs-1.
	Figure 3. Temperature dependence of magnetic moment for the crystalline sample of 1.


In order to confirm realization of the quartet ground state in 1, a study of the field dependent magnetization was performed at 2 and 4 K. The measurements indicate that at 2 K the magnetization curve approaches saturation with M rising steeply to a value of 3.05 Nβ at 5 T. The magnetization data are excellently fitted with use of the appropriative Brillouin function resulting in gave = 2.069 at 2K and 2.071 at 4K and S = 1.5.






