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cathodic values (compared to the magnesium reversible potential) in nitrate melts make the working 

electrode surface become partially, or fully, covered with MgO layers. These layers do not dissolve 

when the potential is returned to the starting positive value and eventually passivate the electrode. 

Therefore, it can be concluded that anodic voltammogram peaks cannot be expected in the 

magnesium UP region examined. 

The absence of characteristic cathodic current peak in the voltammograms on gold electrode 

around 0.100 V depicting magnesium UPD from nitrate melts used, does not conclude that there was 

no magnesium electrodeposited [25–27,41–43]. It is logical to assume that the reduction peaks 

obtained by LSV measurements on the gold working electrode from nonaqueous 

magnesium/ammonium nitrate melt used in the magnesium underpotential region are sums of 

partial current densities for: Mg2+ underpotential reduction, nitrate anion reductions and ammonium 

cation reduction. Being a sum, the recorded current waves suggest small magnesium underpotential 

deposition partial current densities. Such small current densities exhibited by the UPD 

voltammograms from similar melts [41,45,46] were characteristic of deposited metal monolayers 

diffusing into the substrate and forming alloys. 

SEM photographs, EDS and EDX results showed evidence of magnesium and magnesium oxide 

on the surface of the gold electrode from both kinds of melts. Figures 2–4 and Table 1 display SEM, 

EDS and EDX results obtained from the gold electrode held on electrode potential of 0.100 V in the 

melts made of nonaqueous eutectic [Mg(NO3) + NH4NO3] mixture and of eutectic [Mg(NO3)·6H2O + 

NH4NO3·XH2O] mixture at T = 400 K and 460 K. SEM photographs obtained showed cube shaped 

agglomerates almost uniformly distributed over entire electrode surface (Figure 2a) in the first case, 

and significant roughens and coarse morphology with a few nodules in the second case, Figure 2b. 

  

Figure 2. Scanning electron microscopy (SEM) micrographs of Au substrate after Mg 

electrodeposition by using potentiostatic techniques from: (a) magnesium/ammonium nitrate 

eutectic mixture melt at 400 K and (b) nonaqueous magnesium/ammonium nitrate eutectic mixture 

melt at 460 K. 

 

 

Figure 3. Characteristic EDS (energy dispersive spectrometry) spectra of gold samples after two 

hours time of magnesium underpotential deposition from: (a) magnesium/ammonium nitrate 
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