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Figure 1. Typical cyclic voltammograms recorded on Au electrode obtained with scan rate 10 mV/s 

in: (a) magnesium/ammonium nitrate eutectic mixture melt at 400 K; (b) nonaqueous 

magnesium/ammonium nitrate eutectic mixture melt at 460 K. 

Peak I in the voltammograms of Figure 1a reflects nitrate reduction processes which start 

around 0.900 V when water is present in the melt [41]. From voltammograms recorded in 

nonaqueous eutectic mixture melt this current wave is almost absent, Figure 1b. A broader cathodic 

peak II, appearing in the voltammograms obtained from both nitrate melts, presents the next group 

of reactions which have very close and more negative nitrate reduction potentials [33,34,41]. 

Experiments conducted in nitrate melts when water was present, Figure 1a, showed that nitrate 

anion reduction processes take place successively in a potential range from rather positive values to 

those close to 0.000 V, where cathodic peak current density decreases close to zero. At slightly more 

negative potentials to the previous (but still in Mg UPD region) another reduction current wave 

appears in nonaqueous eutectic mixture (peak III Figure 1b) and most probably belongs to the next 

group of the nitrate reduction processes [33,34,41]. 

The processes that could produce reduction peaks in the magnesium underpotential region 

investigated and melts used, apart from ones brought about by the magnesium underpotential 

deposition itself, can be found in research reports published some time ago [33,34]. Therein, the 

potentials of the reactions are related to Na, K or Li reference electrodes and cannot be directly used 

for comparison with our results. However, it can be assumed with enough certainty that the 

sequence of reaction potentials and the differences between the potentials of therein proposed 

processes are preserved in our systems also, but with respect to the magnesium reference potential. 

Of course, absolute values of the reaction potentials discussed must be different by the amounts 

reflecting differences in reference potentials of Na, K and Li in their nitrate melts [33,34] and 

magnesium reference potential in used nitrate melts. 

As described above, the change of the gold electrode potential from positive values to the 

magnesium reversible potential value (magnesium UPD region), induces a number of reactions 

which include formation of different nitrogen species, very reactive oxygen anion O2−, OH− and 

sometimes water. All produced gases were removed from the electrochemical cell by the argon 

stream, and oxidation reaction back to initial NO3− or H2O could no longer be expected when the 

gold electrode potential is reversed into positive direction. Furthermore, O2− produced in inner and 

outer parts of the electrochemical double layer very quickly engaged in reactions with Mg2+ present 

[25,33,34,43,44] with the result being formation of insoluble magnesium oxides in the magnesium 

UPD region. Additionally, the increase of reduction current densities observed in the 

voltammograms in the magnesium nitrate melts with NH4NO3, at constant temperature in the 

magnesium UP region investigated, suggests reduction of ammonium ions [33,34]. Under given 

conditions, this reaction is also irreversible. As a result, when the electrode potential was reversed 

into the positive direction, no anodic voltammogram peaks could be recorded. Observed absence of 

anodic counterparts to cathodic peaks was a subject of discussion in a number of works 

[25,33,34,43,44]. The studies emphasize that changes of the gold electrode potential from anodic to 


