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1. Introduction – Nowadays, energy storage via electrochemical reactions is considered to be the shortest

route to achieve more sustainable energy. Here prominently, rechargeable batteries (such as Li- and Na

ion ones) represent the most effective power sources. They operate through a reversible transfer of alkali

ions between two electrodes, the energy storage being achieved based on the redox potentials of electrode

materials. When the interaction between Li+/Na+ and electrodes proceeds the host materials should

provide suitable structural sites enabling quick mobility of shuttle ions. In addition, the host materials

should possess an appropriate composition (for example transition metal ions such as Co, Ni, and Mn) in

order to achieve design of the value of electrochemical potential by manipulation of their redox

properties. Double sulfates of sodium and transition metals belong to the new class of insertion electrode

materials for rechargeable-ion batteries, since they exhibit redox potentials higher than those of the well-

known phosphate-based electrodes.

2. Experimental - The double hydrated sulfate salts Na2M1−xMnx(SO4)2·4H2O, 0≤x≤1.0 (M = Ni, Co), 

were prepared taking into account the solubility diagrams of the three component systems Na2SO4–

Ni/CoSO4–H2O and Na2SO4–MnSO4–H2O at 25 °C. The anhydrous double salts were obtained by

thermal decomposition between 200 and 400 °C for 2–45 h where the temperature and the heating time

interval depend on the composition. The electrochemical experiments was accomplished by using

Swagelok half-ion cells consisting of Li|LiPF6(EC:DMC)|Na-(Co/Ni)Mn-SO4. The electrode materials are

characterized by different structural, spectroscopic and thermal methods.

3. Results and Discussion – Thermal dehydration of solid solutions of Na2Ni1−xMnx(SO4)2·4H2O into

anhydrous salts Na2Ni1−xMnx(SO4)2 takes place by a structural transformation from the blödite to large

monoclinic cell, while the dehydration in the cobalt series results in the formation of mixed crystals with

alluaudite structure – Na2+2δ(Co/Mn)2-δ(SO4)3. The electrochemical studies show that in nickel series

during sodium reaction, manganese ions are the only ones that are being oxidized reversibly, while nickel

ions remain inactive. In contrast, in the cobalt series are experimental evidence for operation of sodium

cobalt-manganese sulfate, Na2+2δ(Co/Mn)2-δ(SO4)3 at potentials higher than 4.0 V vs Li/Li+. Through

detailed diffraction and spectroscopic analysis, it is found that the high-voltage operation of the

alluaudite-type salt is a result of the unique interplay between the reduced cationic defficiency on the 8f

alluaudite site, redox properties of Co and Mn ions and stability of the alluaudite structure during Li+/Na+

migration.
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