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Abstract 14 

The processes of electrochemical deposition of magnesium oxide/hydroxide on glassy carbon 15 

(GC) electrode from magnesium nitrate hexahydrate melt have been investigated. A novel 16 

procedure predicting a possibility of direct formation of magnesium oxide during 17 

electrodeposition from the nitrate melt used is reported. XRD analysis of the obtained 18 

deposits showed the formation of magnesium oxide along with magnesium hydroxide. The 19 

electrodeposition of magnesium oxide/hydroxide commences in magnesium underpotential 20 

(UPD) and continues through the magnesium overpotential (OPD) region. Network of 21 

individual or intertwined very thin needles as well as those grouped in flower-like aggregates 22 

or honeycomb-like structures were formed in both magnesium UPD and OPD regions. 23 

Formation of the long needles was explained through theories of mechanisms of dendrite 24 
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formation. Hydrogen evolution commences in the magnesium OPD region and increases with 25 

the applied overpotential. Holes observed in the deposit originated from the detached 26 

hydrogen bubbles. The number, shape and size of the hole strongly depended on both the 27 

applied cathodic potential and the hold time of electrodeposition. Magnesium 28 

oxides/hydroxides syntheses taking part simultaneously at various applied potentials are a 29 

result of reactions between magnesium cations and products of water and nitrate anions 30 

reduction processes. Chemical reactions responsible for direct formation of magnesium oxide 31 

observed are those of magnesium ions and oxygen ions, formed by nitrate reduction taking 32 

part in the close vicinity of the working electrode.  33 

Keywords: electrodeposition; melt; magnesium oxide/hydroxide; honeycomb; needles.  34 

 35 

1. Introduction 36 

 37 

 Nanocrystalline magnesium oxide (MgO) and magnesium hydroxide Mg(OH)2, are 38 

attracting comprehensive attention in both fundamental and application areas, due to their 39 

specific magnetic, optical, thermal, mechanical and chemical properties, as well as absorption 40 

ability, high surface reaction activity, high catalytic activity, and unique crystal and electronic  41 

structure [1–7]. Magnesium oxide and magnesium hydroxide, as non-toxic and non-corrosive 42 

materials, have been increasingly used in catalysis, medicine, toxic waste remediation, for 43 

superconducting and space flight composite materials [1,2,4,5,8–15].   44 

 Nanoscale magnesium hydroxide Mg(OH)n and magnesium oxide (MgO) whiskers 45 

with large surface area in the forms suitable for application in various technologies have 46 

received noteworthy recognition [1,16]. As a sensitive and selective tool for analytical 47 

application and diagnostic research, nano-sized MgO material has been recently used in the 48 

development of several electrochemical biosensors based on one-dimensional magnesium 49 
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oxide nanoparticles of various morphologies [9,17,18]. Additionally, porous Mg(OH)2/MgO 50 

material used as adsorbent for removal of toxic ions (especially Cd2+ and Pb2+) proved to be 51 

more effective than any other equivalent due to its unique micro/nano structure [19]. 52 

Furthermore, Mg(OH)2/MgO as a large-band-gap (e.g., 5.17 eV) semi-conducting material is 53 

often applied in the next-generation solar cells [19,20]. At the same time, Mg(OH)2 54 

nanomaterials found their way as components in medical and pharmaceutical products [21].  55 

 Due to the fact that the composition and surface morphology of the resulting Mg 56 

oxide/hydroxide-nano sized crystals play an important role in applications with various 57 

technologies, it is only to be expected that special significance is paid to their synthesis and 58 

processing parameters. Magnesium oxide/hydroxide nanoparticles with different 59 

morphological structures have been obtained via different synthesis methods such as 60 

chemical precipitation [1,22], flame spray pyrolysis [23], electrostatic spray deposition [24], 61 

pulse laser deposition [25,26], electrolysis of aqueous magnesium salt solutions [16,18], 62 

plasma chemical vapor deposition [27,28], and sol-gel method as the most common way to 63 

obtain the nanoparticles [1,12,17,29,30]. Each method has its own advantages in various 64 

aspects, however, large scale synthesis of pure magnesium oxide/hydroxide with nanoscale 65 

controlled morphology is limited [1]. 66 

Unlike the methods listed above, electrochemical deposition provides a very suitable 67 

way for the synthesis of desired nanostructured deposits, because shape and size of the 68 

nanostructures can be conveniently controlled by the choice of parameters and regimes of 69 

electrolysis [31,32]. The process of magnesium hydroxide electrodeposition and subsequent 70 

magnesium oxide formation has been investigated mostly from magnesium nitrate 71 

hexahydrate aqueous solutions and the same solution with ethanol (50%:50%) [4,5,16,33]. 72 

Other authors have reported magnesium hydroxide nanoparticles electrochemically 73 

synthesized from magnesium chloride hexahydrate aqueous solution [34,35]. The product 74 
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from all of these processes was magnesium hydroxide and additional thermal treatment was 75 

required to obtain magnesium oxide.  76 

 In this study, a novel approach to electrochemical synthesis of magnesium 77 

oxide/hydroxide meso - and nanostructures is presented. Unlike previous investigations based 78 

on formation of these structures from aqueous solutions of magnesium nitrate hexahydrate 79 

without [18] or with additives, like sodium acetate [5] or potassium nitrate [4], this approach 80 

is based on the electrodeposition from the melt made of the same magnesium salt. The 81 

electrolysis from the aqueous electrolytes produced mainly uniform porous platelet-like 82 

magnesium hydroxide structures. Although hydrogen evolution was one of the main cathodic 83 

reactions, no attention was paid to its influence on the morphology of electrodeposited 84 

structures. Works on magnesium electrodeposition from magnesium nitrate melts [36–40] 85 

indicated magnesium oxide formation possibly by reaction of magnesium ions with oxygen 86 

ions formed by nitrate reduction. This novel method will show that magnesium oxide can be 87 

synthesized directly by electrodeposition from nitrate melt, thus avoiding additional thermal 88 

transformation treatments of initially formed magnesium hydroxide into oxide. One of the 89 

aims of this study was also to examine the effect of hydrogen evolution on the morphology of 90 

structures formed on the working electrode. 91 

 92 

2. Experimental 93 

 94 

 To study magnesium oxide/hydroxide deposition from magnesium nitrate melt linear 95 

sweep voltammetry (LSV), potentiodynamic polarization scan and chronoamperometry were 96 

applied in a three electrode electrochemical cell under argon atmosphere using EG&G PAR 97 

273A Potentiostat/Galvanostat controlled by Power Suite software (Princeton Applied 98 

Research, USA). Magnesium oxide/hydroxide was electrodeposited onto a cylindrical glassy 99 
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carbon working electrode (GC, Alfa Aeser-Johnson Mathey. Co, USA) placed in the center of 100 

the cell, with surface area of 0.8 cm2 exposed to contact with the melt. The counter electrode 101 

was a Mg (99.999%, Luoyang Magnesium Gurnee Metal Material Company. Ltd, Henan, 102 

China) rectangular shovel (surface area = 7.5 cm2). The reference electrode was a 3 mm 103 

diameter magnesium (99.999 %) wire positioned at a close distance of about 0.3 cm from the 104 

surface of the working electrode. Prior to the experiments, the reference and counter 105 

electrodes were chemically cleaned and etched [38–40]. Analytical grade Mg(NO3)2·6H2O 106 

(J.T. Baker, The Netherlands), was used as the electrolyte, and after being added to the cell, it 107 

was carefully heated under argon atmosphere to the temperature of 100 oC. 108 

 The reported working electrode potentials were measured relative to the equilibrium 109 

potential of magnesium reference electrode in the melt used under given conditions [40]. The 110 

voltammograms were recorded as a response to the working electrode potential being 111 

scanned from a starting potential, ES (usually 50 to 100 mV more negative to the reversible 112 

potential of the GC working electrode) to a final chosen negative potential, Ef followed by the 113 

return scan. The sweep rates used were between 1 mVs-1 and 50 mVs-1.  114 

 Potentiostatic deposition process was carried out by changing the working electrode 115 

potential from an initial potential, Ei (50 to 100 mV more negative to the working electrode 116 

potential in the given melt) to a final potential, Ef (in magnesium UPD region at 700 mV, 5 117 

mV vs. Mg and in magnesium OPD region at –200 mV, –1000 mV vs. Mg). The Ef potential 118 

was held constant for 30 or 120 minutes, at T= 100 °C, whereupon the working electrode was 119 

retrieved from the cell under potential in order to preserve deposited material. 120 

 The deposit obtained on the working electrode was washed with plenty of absolute 121 

ethanol (Zorka-Pharma, Šabac, Serbia) and dried in a desiccator furnished with silica gel. The 122 

morphology was studied using Scanning electron microscope – TESCAN Digital 123 

Microscope; model VEGA3, Brno, Czech Republic). For further characterization of structural 124 
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properties, the deposits were subjected to X-ray diffraction (Enraf-Nonius powder 125 

diffractometer, Delft, The Netherlands). 126 

 127 

3. Results 128 

  129 

3.1. Electrochemical measurements 130 

 131 

Typical voltammograms recorded with a GC working electrode in magnesium nitrate 132 

melt used are shown in Fig. 1. In the potential range explored (from 1.400 V vs. Mg to –133 

1.000 V vs. Mg) three broad reduction peaks were indicated and no anodic counterparts 134 

observed. Such broad peak shapes typically reflect processes that start successively one after 135 

the other at potentials whose values are close and proceed further simultaneously, thus 136 

making the recorded current at each potential the sum of rates of all the processes taking part 137 

at that particular potential. The absence of anodic counterparts to reduction peaks was a 138 

subject of discussion in a number of works [4,5,18,36–42]. This phenomenon was attributed 139 

to formation of the MgO and Mg(OH)2 deposits during potential change into negative 140 

direction which do not dissolve when the potential is returned to the starting positive value. 141 

Results obtained by very slow potentiodynamic polarization of the working electrode under 142 

the same conditions are presented in Fig. 2, and they support the findings seen in generated 143 

voltammograms. While there were three evident current increases when electrode potential 144 

was changed toward negative values, there was a steady current decrease when potential was 145 

turned back toward positive values. Positions of the current density maxima on the potential 146 

axis were very close to those shown in voltammograms obtained under the same conditions. 147 

These values were guidelines for the chronoamperometry experiments that are shown in Fig. 148 

3. Results of those experiments show current which, after a substantial initial value, fades 149 
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away into relatively small but permanent current which provides material for deposit 150 

formation.  151 

 152 

3.2. XRD analysis 153 

 154 

An XRD diagram of the deposit obtained is shown in Fig.4. This analysis identifies 155 

magnesium oxides and magnesium hydroxides as substances synthetized under cathodic 156 

potentiostatic regime. The recorded 2θ peak at 18.7°, according to some authors, reflects 157 

crystalline Mg(O,OH) deposit [20]. However, this 2θ value together with several other 158 

stronger diffraction peaks recorded (at 32.8°, 51.05°, 68.2o and 72.1°) could also be ascribed 159 

to hexagonal Mg(OH)2 [JCPDS No. 01-083-0114]. The 2θ peak recorded at 29.2° belongs to 160 

face-centered cubic MgO [JCPDS No. 00-030-0794] and  broader peaks at around 38°and 59o 161 

can be ascribed to both MgO and Mg(OH)2 [JCPDS No. 00-030-0794, JCPDS No. 01-083-162 

0114]. The peak at 2θ value of 43.05° belongs to MgO Periclase [JCPDS No. 01-075-1525], 163 

and that at 62.59° can be attributed both to MgO [JCPDS No. 01-075-1525] and to Mg(OH)2 164 

[JCPDS No. 01-083-0114]. There were no additional peaks in the XRD pattern recorded, 165 

which indicates that the MgO/Mg(OH)2 particles produced by the electrochemical deposition 166 

method were relatively pure. However, it should be emphasized that the peaks recorded at 2θ 167 

values 29.2° and 43.05° are characteristic only to MgO. 168 

 169 

3.3. SEM results 170 

 171 

As previously noted, the electrodeposition process commences in the magnesium 172 

underpotential (UPD) region. Typical surface morphologies obtained at potentials of 700 mV 173 

and 5 mV vs. Mg with an electrodeposition time of 30 min are shown in Fig. 5. In both cases, 174 
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a network of intertwined thin needles, often referred as whiskers [43–45] were formed. At the 175 

potential of 700 mV vs. Mg, individual intertwined groups of needles were formed at the GC 176 

(Fig. 5a–c), while the whole GC electrode surface was covered by them at a potential of  5 177 

mV vs. Mg (Fig. 5d and e). 178 

 A somewhat different situation is observed in the magnesium overpotential deposition 179 

(OPD) region. Typical surface morphologies obtained at different cathodic potentials and 180 

electrodeposition times are shown in Figs. 6–8. There are very thin needles, already observed 181 

in the UPD region, and holes in the deposit made by hydrogen evolution reaction.  182 

 Figure 6 shows the deposits obtained at a cathodic potential of –200 mV vs. Mg with 183 

an electrodeposition time of 30 min. The individual hole formed from the detached hydrogen 184 

bubble and a very thin needles oriented in all directions were formed by the electrodeposition 185 

at this potential (Fig. 6a). Analysis of the hole at a higher magnification (Fig. 6b) showed that 186 

its average diameter was about 150 µm. On the other hand, the very thin needles were 187 

grouped in flower-like forms like the one shown in Fig. 6c. The length of the formed needles 188 

was up to about 160 µm (Fig. 6c), while their diameter was smaller than 2 µm (Fig. 6d). 189 

Aside from the holes and the flower-like forms, careful analysis of the electrode surface (see 190 

the part in the circle in Fig. 6a) revealed the existence of very porous structure between them 191 

(Fig. 6e and f). The electrode surface between individual holes and the flower-like forms 192 

consisted of numerous relatively small holes and the thin needles formed around them. The 193 

average size of these holes was smaller than 4 µm (Fig. 6e and f). This very porous structure 194 

showing high uniformity represents the typical honeycomb-like structure [46] constructed 195 

from holes formed by the detached hydrogen bubbles and very thin needles around them. The 196 

number of holes formed from the detached hydrogen bubbles was estimated to be 197 

approximately 50000 holes per mm2 electrode surface. Figure 7 shows morphologies of the 198 

deposit obtained at a potential of –200 mV vs. Mg with a time of electrodeposition of 2 h. 199 
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Matching the expectation, holes formed from the detached hydrogen bubbles and the thin 200 

needles remain the main morphological forms obtained at this potential (Fig. 7a). The size of 201 

holes and the length of needles increased with increased time of electrodeposition. That can 202 

be estimated from Fig. 7b, which shows a typical hole formed from the detached hydrogen 203 

bubble, and from Fig. 7c which shows a network of intertwined needles. The average size of 204 

holes obtained with electrodeposition time of 2 h was about 240 µm (Fig. 7b). As a result, 205 

hole size increase of about 60 % was observed with fourfold increase of electrodeposition 206 

time. Simultaneously, the length of needle-like forms was up to 400 µm (Fig. 7c), which 207 

represents an increase of more than 2.5 times compared to those obtained with an 208 

electrodeposition time of 30 min. The bottom of the holes was constructed from thin needles 209 

(see insert in Fig. 7b). It should be noted that the flower-like structure observed with the 210 

electrodeposition time of 30 min (Fig. 6c) was lost with the prolonged electrodeposition 211 

process. The very porous structure (the honeycomb-like one) observed with an 212 

electrodeposition time of 30 min (Fig. 6e) also suffered strong transformation with increasing 213 

electrodeposition time. Morphologies of the deposits corresponding to this part of the 214 

electrode surface but obtained after 2 h electrodeposition are shown in Fig. 7d–f. The average 215 

hole size in the honeycomb-like structure obtained after 2 h electrodeposition was about 20 216 

µm, while the estimated number of the formed holes was about 1390 holes per mm2 electrode 217 

surface. The intertwined very thin needle-like forms making the dense network were formed 218 

around the holes formed from the detached hydrogen bubbles (Fig. 7e). The diameter of the 219 

formed filaments or needles was less than 200 nm (Fig. 7f). The specific surface area of the 220 

honeycomb-like structures is determined by the number and size of holes, as well as by wall 221 

width among them [47,48]. The dramatic decrease in the number of the formed holes, and 222 

hence, the strong change of the specific surface area of this electrode type with increasing the 223 

electrodeposition time can be ascribed to a coalescence of neighboring hydrogen bubbles, but 224 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

10 
 

also by the fact that the fast growth of needles in all directions can limit the growth of some 225 

bubbles so that they remain captured under fast-growing needles. The similar effect on the 226 

specific surface area of the honeycomb-like electrodes has been already observed in the case 227 

of copper electrodeposition from the aqueous electrolyte in the hydrogen co-deposition range 228 

[49].  229 

Holes formed from the detached hydrogen bubbles and network of the intertwined 230 

thin needles (the honeycomb-like structure) are also formed at cathodic potentials higher than 231 

–200 mV vs. Mg. Figure 8 shows the deposits obtained at a potential of –1000 V vs. Mg with 232 

an electrodeposition time of 2 h. From Fig. 8, it can be seen that the diameter of holes was 233 

approximately 40 µm (Fig. 8b), which is six times smaller than those formed at –200 mV vs. 234 

Mg. The length of some of needles was up to 150 µm. All used potentials, the times of 235 

electrodeposition and the obtained morphologies of MgO/Mg(OH)2 structures are 236 

summarized in Table 1. 237 

 238 

4. Discussion  239 

 240 

Mechanisms of MgO/Mg(OH)2 formation on several electrodes by electrodeposition 241 

from aqueous, mostly nitrate solutions have been proposed in literature [4,5,16,18,33]. Those 242 

processes include heating of the obtained magnesium MgO/Mg(OH)2 deposit at temperatures 243 

exceeding 350°C in order to produce magnesium oxide. Regrettably, this thermal treatment 244 

substantially changes appearance, morphology and crystal structure of the MgO crystallites 245 

obtained from initially well-developed very small and nano sized MgO/Mg(OH)2 particles 246 

[33].  247 

Possible characteristic of the processes provoking LSV reduction peaks in this work, 248 

have been proposed earlier, (Eq. (1) to (13)) [36–40]. To be used in this discussion, the 249 
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potentials given in some of those works [36,37] and attributed to the processes (1) to (9) 250 

should be corrected for the difference between the reversible potentials of Na, K and Li in 251 

their nitrate melts and Mg in used Mg(NO3)2·6H2O melt. However, with enough certainty, 252 

one can suppose that the sequence with respect to the magnesium reversible potential and the 253 

differences between the potentials of the processes presented in Eq. (1) to (9) would be 254 

preserved in magnesium nitrate melt used as well. 255 

1.         −−− +↔++ OH12Ne10OH6NO2 223  256 

2.  −−−− +↔++ OH2NOe2OHNO 223
 

257 

3.  −−− +↔+ 2
22

1
3 O3Ne5NO  

258 

4. −−−− +↔+ 2
23 ONOe2NO  

259 

5. −−−− +↔+ 2
223 ONO2e2NO2  

260 

6. −−− +↔+ 2
23 O5ONe8NO2  

261 

7. −−− +↔+ 2
3 O2NOe3NO  

262 

8.  −−−− +↔+ 2
23 ONO2eNO2  

263 

9. −−− +↔+ 2
23 ONOeNO  264 

 For the melt used in this work additional reaction should be taken into account [18]:  265 

10.        22 HOH2e2OH2 +→+ −−  266 

not omitting reactions leading to Mg(OH)2 and MgO formation:   267 

11.       222
2 H)OH(Mge2OH2Mg +→+⋅ −+  268 

12.        2
2 )OH(MgOH2Mg →+ −+  269 

13.  MgOOMg 22 →+
−+   270 
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Having the preceding in mind, it can be assumed that voltammetry peak I (Fig. 1), 271 

recorded at potentials between ≈ 800 and ≈ 0 mV vs. Mg, reflects the most anodic group of 272 

anion reduction processes (mainly reactions 1 and 2); peak II, the second group of anion 273 

reduction processes (reactions 3–7) including some traces of water (reaction 10) and Mg2+ 
274 

ions being reduced at potentials between 0 mV up to –350 mV vs. Mg; and finally, peak III at 275 

potentials more negative than –350 mV vs. Mg where more pronounced hydrogen evolution 276 

(reaction 10) joints a number of intensive nitrate anions reduction processes (processes 8 and 277 

9). Magnesium oxide and hydroxide synthesis from the products of the reactions sited 278 

proceeds at the electrode surface within the whole potential range applied (reactions 11–13). 279 

It appears that possible individual and rare grains of electrodeposited magnesium become 280 

quickly covered with oxide or hydroxide. 281 

The currents recorded obviously do not reflect Mg2+ reduction alone, in fact they 282 

predominantly reflect reactions described by Eqs. (1–13). This suggests that initial deposits 283 

were formed quickly and their precipitation on the electrode surface can cause pseudo-284 

passivation [5,18,33,36]. However, H2 bubbles produced on the electrode substrate and their 285 

detachment, sometimes provided a fresh area for the electrochemical reactions, reflected in a 286 

sudden current rise during longer deposition time intervals of chronoamperometric 287 

experiments, Fig. 3b.  288 

As expected, the morphology of the deposits formed is dependent on the potential 289 

applied. The results obtained suggest that every amount of reactive magnesium on the 290 

electrode surface in the presence of O2- and OH- anions very quickly becomes a MgO or 291 

Mg(OH)2 deposit. Therefore, the surface of the working electrode becomes partially covered 292 

with MgO even in the first most anodic part of linear change of the potential. Fast and 293 

unavoidable formation of insoluble MgO from used nitrate melts explains the lack of anodic 294 

current peaks on the voltammograms recorded.  295 
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 As already mention in Section 3.3, two types of surface morphology are formed 296 

during electrodeposition from the nitrate melt: a) the very thin needles or filaments, and b) 297 

the holes originating from the detached hydrogen bubbles. Formation of the needle-like forms 298 

commences in the magnesium UPD, and continues throughout the examined magnesium 299 

OPD region. Dependending on the applied potential, these needles are grouped into either the 300 

flower-like forms or the network of intertwined thin needles. Formation of these structures 301 

clearly indicates strong diffusion control of the deposition process through the whole range of 302 

the examined potentials.   303 

Formation of very long needles can be explained by theories about dendrite deposits 304 

formation by electrodeposition processes proposed by Diggle et al. [50] and Popov et al. 305 

[32,51,52]. According to these theories, the origin of needle-like forms, as well as the other 306 

types of dendrites is of surface protrusions formed in the initial stage of electrodeposition 307 

[32,51,52]. These surface protrusions are deeply buried in the diffusion layer of the 308 

macroelectrode, which is characterized by a steady linear diffusion to the flat portion of the 309 

electrode surface. The spherical diffusion layers are formed around the tips of such 310 

protrusions, and the current densities at them are greater than the corresponding linear 311 

diffusion current density. These local current densities caused by formation of the spherical 312 

diffusion fields correspond to the activation controlled electrodeposition [31,50,51]. Hence, it 313 

follows that electrodeposition processes at the tips of protrusions occur under activation 314 

control relative to the surrounding solution, and under diffusion control relative to the bulk 315 

solution. The current density at the tip of each of the formed protrusions corresponding to the 316 

activation controlled electrodeposition is simultaneously maximum rate of growth, that is 317 

confirmed by a considerable increase of the length of needles with time of electrodeposition 318 

(the maximum length of needles increased from 160 to 400 µm with prolonging the 319 

deposition time from 0.5 to 2 h). The growth of the needles in all directions confirms the 320 
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strong diffusion control of electrodeposition. Of course, considering mechanism of formation 321 

of the needle-like forms, it should not exclude the possibility that precipitation reactions like 322 

(12) and (13) affect the final shape of the needles. Such possibile influence on surface 323 

morphology has been already observed by Schiavi et al. [53] in the case of cobalt 324 

electrodeposition. 325 

 In the magnesium OPD region, hydrogen evolution reaction as a competitive to the 326 

others commences together with Mg electrodeposition process. Analysis of Figures 6–8 327 

indicates that intensification of hydrogen evolution occurs with the increase in the cathodic 328 

potential value. Individual holes, referred to as dish-like ones [54], are formed at a potential 329 

of –200 mV vs. Mg (Fig. 6a and b). As is already known, formation of this type of holes, 330 

occurs with a small amount of evolved hydrogen. As expected, the diameter of the holes 331 

increases with time of the electrodeposition (Figs. 6a and b, 7a and b). As a result of 332 

intensification of hydrogen evolution, the number of holes increased, while their diameter 333 

decreased with the increase of the cathodic potential. Hence, it is clear that the phenomena 334 

established during metal electrodeposition from aqueous electrolytes in the hydrogen co-335 

deposition range seen in works [32,49,55,56] are consistent with observations seen during 336 

MgO/Mg(OH)2 electrodeposition processes from the nitrate melt. 337 

 Anyway, unlike electrodeposition from the aqueous nitrate electrolytes where only 338 

Mg(OH)2 was formed, electrodeposition from the nitrate melt led to formation of MgO as 339 

well. The possibility that MgO can be obtained directly by the electrodeposition process from 340 

the melt represents a good basis for further research. The aim should be to increase MgO 341 

yield  as much as possible, thus avoiding additional thermal treatment of initially formed 342 

Mg(OH)2.  343 

 344 

4. Conclusions 345 
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 346 

 A novel method based on the electrolysis of the molten magnesium nitrate 347 

hexahydrate enabling simultaneous formation of magnesium oxide and hydroxide has been 348 

proposed. For the first time a direct formation of magnesium oxide during electrodeposition 349 

from the nitrate melt used is reported. The direct formation of magnesium oxide described 350 

here includes reactions of magnesium ions with oxygen ions, which are result of nitrate ions 351 

reduction, very close to the cathode surface. Chemistry of magnesium hydroxide formation 352 

from magnesium nitrate hexahydrate followed earlier proposed reactions between magnesium 353 

and hydroxide ions in water electrolytes. Main morphological forms of the deposits obtained 354 

by the electrochemical deposition processes were: very thin needle-like forms and holes 355 

formed from the detached hydrogen bubbles. In the dependence of the applied cathodic 356 

potentials, the thin needles are either intertwined into an elaborate network or they make 357 

flower-like aggregates. The thin needle-like forms are formed in both magnesium UPD and 358 

OPD regions, and their formation and growth are a diffusion-controlled process. The holes as 359 

a result of hydrogen evolution, occur only in the OPD region. The number of holes increased, 360 

while their diameter decreased with the increasing cathodic potential. The size of holes 361 

increased with increased time of the electrodeposition.  362 
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Figure captions: 546 

 547 

Figure 1. Cyclic voltammograms on GC electrode obtained with scan rate 20 mVs-1 in  548 

magnesium nitrate melt at 100 °C: Ei = 1400 mV to Ef = (red line) –200 mV; (black line) –549 

500 mV and (blue line) –1000 mV; Inset: Voltammogram with cathodic end potential in Mg 550 

UPD potential region.  551 

Figure 2. Potentiodynamic polarization curves on GC electrode in magnesium nitrate melt at 552 

100 °C, ν = 1mV/s; (black line) Ei = 1500 mV → Ef = ‒1000 mV; (red line) Ei = ‒1000 mV 553 

→ Ef =1300 mV. 554 

Figure 3. a) and b) Current density ‒ time transients on GC electrode, recorded at chosen 555 

cathodic end potentials during Mg deposition from magnesium nitrate melt at 100 °C; 556 

deposition time τ =2 hours. 557 

Figure 4. X-ray diffraction patterns of electrochemically produced MgO/Mg(OH)2 deposit on 558 

GC working electrode from magnesium nitrate melt at an overpotential of –200 mV at 100 559 

°C, deposition time τ =2 hours. 560 

Figure 5. MgO/Mg(OH)2 deposits obtained in magnesium UPD region at various potentials: 561 

a)–c) 700 mV, and d) and e) 5 mV. In both cases, network of intertwined needles was 562 

formed. 563 

Figure 6. MgO/Mg(OH)2 deposits obtained in magnesium OPD region at a potential of –200 564 

mV with electrodeposition time of 30 min: a) top view; b) a dish-like hole formed from 565 

detached hydrogen bubble; c) a flower-like aggregate constructed from very thin needles; d) a 566 

group of needles, and e) and f) honeycomb-like structure (surface area inside the circle in Fig. 567 

6a). 568 
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Figure 7. MgO/Mg(OH)2 deposits obtained in magnesium OPD region at a potential of –200 569 

mV with electrodeposition time of 2 h: a) top view; b) a typical hole formed from a detached 570 

hydrogen bubble; c) network of intertwined needles; d)– f) honeycomb-like structure formed 571 

among large holes. 572 

Figure 8. MgO/Mg(OH)2 deposits obtained in magnesium OPD region at a potential of –573 

1000 mV with electrodeposition time of 2 h: a) top view; b) the holes formed from detached 574 

hydrogen bubbles surrounded by very thin needles; c) needles formed around the holes, and 575 

d) network of intertwined very long needles. 576 
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Table 1: The values of cathodic potentials and times of electrodeposition used for formation 
MgO/Mg(OH)2 structures and the corresponding electrodeposited surface morphologies. 

 
No. 

 
The potential / mV vs. Mg 

The time of 
electrodeposition / min 

Morphologies of electrodeposited 
MgO/Mg(OH)2 structures 

1. 700 30 – a network of intertwined needles 

2. 5 30 – a network of intertwined needles 

 

3. 

 

– 200 

 

30 

– flower-like forms constructed 
from very thin needles, 

– dish-like hole, 

– the honeycomb-like structure 

 
 

4. 

 
 

– 200 

 
 

120 

– a network of intertwined needles, 

– individual holes, 

– the honeycomb-like structure 

5. – 1000 120 – the honeycomb-like structure 

 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

Fig. 1 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

 

Fig. 2 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

a) 

 
b) 
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Research highlights 
 

• Electrodeposition processes from magnesium nitrate melt were investigated. 
• XRD analysis revealed formation of MgO/Mg(OH)2 structures. 

• Honeycomb-like and needle-like structures were formed by electrodeposition.  
• It is possible to obtain MgO directly by electrodeposition from a nitrate melt. 

• Chemistry of formation of MgO/Mg(OH)2 structures was proposed. 

 


