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  1.     Introduction 

 Rechargeable batteries based on magne-
sium (Mg) metal have been recognized 
as one of the most viable candidates 
for post Li-ion energy storage. Com-
pared with other widely pursued metal 
anodes such as lithium and sodium, Mg 
metal has a higher volumetric capacity 
(3833 mAh cm −3 ), lower cost, and much 
better safety characteristics. [ 1 ]  In addition, 
the electrochemical deposition of Mg 2+  
ions does not involve formation of den-
dritic structures and has close to 100% 
coulombic effi ciency when operated in the 
recently developed advanced electrolytes. [ 2 ]  
These characteristics suggest that Mg 
metal holds great promises for durable, 
safe, and high energy density energy 
storage devices. [ 3 ]  The practical realization 
of Mg batteries, however, is currently lim-

ited by two major challenges and several other issues. First, the 
reversible deposition and stripping of Mg 2+  ions require spe-
cially synthesized electrolytes that will not form surface passiva-
tion layers, which are believed to block Mg 2+  ion transport. [ 1b ]  
These electrolytes, such as those based on magnesium organo-
borate and organohaloalumiates, are usually corrosive and have 
much narrower stable voltage window compared with Li +  and 
Na +  battery electrolytes. [ 4 ]  Recent developments, particularly 
on the all-phenyl-complex electrolytes, [ 5 ]  the all-inorganic elec-
trolytes, [ 6 ]  and the non-halide electrolytes, [ 7 ]  have established 
electrolytes with signifi cantly improved voltage stability and 
activity. They provide viable approaches to search for high-
voltage cathode materials when combined with the use of stable 
cathode current collectors such as Mo and W. [ 8 ]  

 The second major challenge is the lack of amenable high-
voltage cathode materials. Conventional intercalation cathode 
materials developed for Li and Na batteries (such as layered and 
spinel oxides, and olivine phosphates) were found to have poor 
reactivity with Mg 2+  ions. [ 1b,2,9 ]  This is likely due to the much 
higher charge density associated with divalent Mg 2+  ions that 
brings stronger coulombic interaction with the host materials 
and results in poor ionic transport and diffi culties in structural 
stabilization. [ 9b ]  Cluster type compounds that have the mecha-
nism of delocalizing electrons for effi cient attainment of local 
electroneutrality, such as the Chevrel phase and fullerenes, were 
demonstrated to have good reactivity with Mg ions but both 
their voltage (<2.0 V) and capacity (<100 mAh g −1 ) are quite 
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low. [ 10 ]  Recently, MnO 2  was found to have decent capacities of 
≈250 mAh g −1  at low rates and the mechanism was identifi ed 
as the conversion reaction through formation of amorphous 
MgO and MnO  x  . [ 11 ]  These provide important insights on the 
cathode materials transformation mechanism but both the 
reversibility and stability need substantial improvements. [ 12 ]  
Another approach involves engineering the spacing of layered 
materials, [ 13 ]  such as using polyethylene oxide for MoS 2  [ 14 ]  and 
MoO 3 . [ 13 ]  This approach allows control of the Mg 2+  ions–host 
material interaction and improves the intercalation kinetics but 
the voltages are still quite limited. Overall, despite these great 
progresses, there are very few demonstrations of high-voltage 
Mg cathode materials that are compatible with Mg metal and Mg 
electrolytes, and further materials advancements are required. 

 Recent studies on the electrochemistry of novel electrode 
materials, such as bismuth nanotubes, [ 15 ]  tin–antimony alloys, [ 16 ]  
and Mo 6 S 8  Chevrel phase nanocubes, [ 10a ]  revealed that nano-
structuring is a particularly important approach for Mg bat-
teries. Previously, the V 2 O 5  family of materials with different 
morphology, phase and structure has been widely studied for 
energy storage. [ 17 ]  Several studies showed decent reactivity of 
Mg 2+  ions with certain V 2 O 5  materials, such as nanocrystalline 
V 2 O 5 , [ 18 ]  V 2 O 5  gel, [ 19 ]  and V 2 O 5  gel/carbon composite. [ 20 ]  These 
studies have concluded that the shielding of Mg 2+  divalent charge 
with water molecules (in the solvent and/or 
in V 2 O 5  crystal structure) is necessary for the 
reactivity. [ 9b ]  Such an approach of using water 
to assist Mg intercalation, however, is problem-
atic for a Mg metal anode because water can 
react with the Mg metal and form passivation 
fi lms. [ 21 ]  Recently, both crystalline and amor-
phous ultrathin layers of V 2 O 5  were reported 
to have superior reactions with Li +  and/or Na +  
ions. [ 22 ]  In addition, Arthur et al. developed 
the use of amorphous V 2 O 5 –P 2 O 5  powders for 
Mg battery cathodes with enhanced Mg 2+  ions 
diffusion and high voltage reversiblity. [ 23 ]  The 
rational combination of these previous works 
suggests that nanosized V 2 O 5  could be a good 
platform to study the reaction of metal oxides 
with Mg 2+  ions. 

 In this work we focus on studying the 
composite materials of highly dispersed V 2 O 5  
nanoclusters supported on porous carbon for 
hosting Mg ions. This composite material 
was synthesized using the ambient hydrol-
ysis deposition (AHD) method as has been 
described in a previous work. [ 22c ]  The porous 
carbon support was synthesized using the 
well-established protocol with resorcinol 
and formaldehyde as precursors (referred 
as RFC). [ 24 ]  The proper combination of the 
unique AHD method and porous carbon 
support affords composite materials with 
uniformly surface-coated V 2 O 5  clusters. [ 22c ]  
The weight ratio of V 2 O 5  in the composite 
material can be readily controlled over a wide 
range (20–80 wt%) by the number of AHD 
cycles.  

  2.     Results and Discussion 

 In this work, we focused on the composite with ≈45 wt% of 
V 2 O 5  because the previous study has showed that this com-
position works best for reversible storage of Na +  ions. [ 22c ]  The 
characterizations of the composites with thermogravimetric 
analysis (TGA, for V 2 O 5  loading) and low magnifi cation trans-
mission electron microscopy (TEM)/ energy-dispersive X-ray 
spectroscopy (EDS) shows uniform V 2 O 5  coatings within the 
RFC framework. [ 22c ]  The characterizations performed in this 
work aim at understanding the detailed structure of V 2 O 5  and 
its interaction with the carbon support.  Figure    1  a,b compare 
typical high-resolution TEM images acquired from RFC and the 
RFC/V 2 O 5  composite. These two materials show similar fea-
tures and have wrinkled lattice fringes that can be attributed to 
poorly crystalline carbon. [ 25 ]  Interestingly, the supported V 2 O 5  
did not show well-defi ned lattice fringes and therefore should 
be interpreted as amorphous materials. This agrees with the 
X-ray diffraction (XRD) results of only showing a very broad 
and weak peak at ≈26° as will be discussed below. Considering 
the fact that V 2 O 5  had a high loading of ≈45 wt%, we believe 
that they were highly dispersed and therefore we term them as 
nanoclusters since the size was on the order of few nanometers. 
This is further supported with scanning TEM (STEM) imaging 
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 Figure 1.    TEM images and selected area electron diffraction (SAED, inset) of a) RFC, b) pris-
tine, c) magnesiated, and d) demagnesiated RFC/V 2 O 5  composites. The morphology of these 
samples was similar, and the vanadium oxide nanoclusters were in a highly dispersed state as 
no clear lattice fringes other than those from poorly crystallized carbon were observed (scale 
bars: 10 nm).
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and Raman spectroscopy. The contrast of STEM images is 
related to the  Z  number of atoms, and the differences between 
vanadium ( Z  = 23) and carbon ( Z  = 6) can be resolved clearly if 
there were isolated V 2 O 5  particles. The STEM images acquired 
from the composite showed uniform contrast ( Figure    2  ), which 
suggests that the supported V 2 O 5  were highly dispersed in a 
similar manner to atomically dispersed catalysts. [ 26 ]  In addition, 
the Raman spectrum did not show obvious peaks that could be 
assigned to crystalline V 2 O 5  ( Figure    3  ), which also suggests that 
the loaded metal oxide was highly dispersed and was unable to 
generate detectable responses. [ 27 ]  The formation of this unique 
composite may be due to the interaction between the RFC (rich 
in surface defects, Figure  3 a) and the nanoclusters and/or the 
precursors. The surface area and porosity characteristics of 
the composites were studied with N 2  sorption measurements 

(isotherm shown in Figure S1 in the Supporting Information). 
Both RFC and the composite have high surface area and pore 
volume, and could provide ample surface for effi cient electro-
lyte diffusion and surface/near surface redox reactions. The 
RFC had a specifi c surface area and pore volume of 1188 m 2  
g −1  and 6.3 cm 3  g −1 , respectively. After AHD of 45 wt% V 2 O 5 , 
the surface area and pore volume decreased to 593 m 2  g −1  and 
2.8 cm 3  g −1 , respectively. The chemical composition and state 
of the vanadium oxides coated on carbon was identifi ed with 
 51 V nuclear magnetic resonance (NMR) and X-ray photoelec-
tron spectroscopy (XPS). The pristine V 2 O 5 /RFC composite 
showed a  51 V NMR resonance same as the crystalline sample 
(orthorhombic V 2 O 5 , Figure  3 b), and this further confi rms 
successful formation of V 2 O 5  in the composite. The V 2p XPS 
( Figure    4  ) spectrum of the pristine material showed that the 
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 Figure 2.    STEM images of a) pristine, b) fully magnesiated, and c) fully demagnesiated V 2 O 5 /RFC composites (scale bars: 50 nm).

 Figure 3.    a) Set of Raman spectra acquired from pristine, magnesiated, and demagnesiated V 2 O 5 /RFC composites. The magnesiated V 2 O 5  showed 
Raman peaks that may be assigned to magnesium vanadate whereas both pristine and demagnesiated V 2 O 5  did not show obvious peaks. b) Set of 
MAS-NMR spectra acquired from pristine, magnesiated, and demagnesiated V 2 O 5 . A standard crystalline V 2 O 5  was also measured for comparison. 
The isotropic resonances are marked with arrows.
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V 5+  is the dominant species but species with lower oxidization 
states (V 3+  and/or V 4+ ) were also observed with a much lower 
intensity. 

     The activity of the supported V 2 O 5  nanoclusters for hosting 
Mg 2+  ions was studied using the electrolyte of 0.2  M  [Mg 2 (µ-
Cl) 2 (DME) 4 ][AlCl 4 ] 2  in dimethoxyethane (DME). This electrolyte 
has a wide voltage window that exceeds 3.0 V and has excellent 
activity for Mg deposition and stripping. [ 6b ]  The working elec-
trodes were prepared by casting the slurry made with the com-
posite (80 wt%), conductive carbon (10 wt%) and polyvinylidene 
fl uoride (PVDF, 10 wt%) on a piece of carbon paper. We fi rst 
used the galvanostatic charge–discharge technique to evaluate 
the material using a two-electrode setup (with Mg metal as the 
counter/reference electrode, see the Supporting Information 
for details). The composites exhibited a nearly linear voltage 
profi le as a function of the reaction time (i.e., reacted Mg 2+  
ions) in the voltage window of ≈0.5–2.8 V. This suggests a pseu-
docapacitive energy storage process (discussed in detail below), 
and overall a high initial discharge capacity of 180 mAh g −1  was 
obtained at 40 mA g −1  (based on weight of the composite, ≈350 
mAh g −1  based on V 2 O 5 , Figure S2, Supporting Information). 
Such a pseudocapacitive capacity is comparable or even higher 
than the battery type V 2 O 5  electrode materials established for 
lithium ion batteries and sodium ion batteries, [ 22c,28 ]  and is 
among the highest for all cathode materials developed for Mg 
batteries that are based on intercalation and/or conversion 
mechanism. [ 1a,3a,11b,29 ]  During subsequent cycles the composite 
electrode had capacity fade and decreased to ≈90 mAh g −1  
(composite, or ≈160 mAh g −1  V 2 O 5 ) after ≈fi ve cycles (Figure 
S2, Supporting Information), and the possible reasons will be 
discussed below. Besides these electrochemistry results, the 
reversible uptake of Mg 2+  ions was also confi rmed from the 
combined imaging and spectroscopy analysis with STEM, XPS, 
EDS, and Raman techniques (Figures 2– 4 ). The Raman spec-
trum of the magnesiated electrode shows broad peaks centered 
at 980 and 370 cm −1  that could be assigned to magnesium vana-
date (Figure  3 ). [ 30 ]  The magnesiated V 2 O 5 , however, was still 
amorphous as observed from the electron diffraction and STEM 
observations (Figure  1  and Figure  2 ). After a complete demag-
nesiation process, the V 2 O 5  returned to the original state, and 
the Raman and STEM/TEM results are similar as the pristine 
material (Figure  1  and Figure  2 ). Figure  3 b shows a set of  51 V 
NMR characterization results. It is interesting to note that there 
were dramatic changes in the NMR spectra upon magnesiation 
and demagnesiation, and signifi cantly decreased resonance 

intensity and resolution was observed. This is similar to obser-
vations of lithium intercalation with V 2 O 5 , and can be attrib-
uted to a fi rst order electronic transition with charge ordering 
and the formation of localized vanadium ions. [ 31 ]  

 The reversible storage of Mg ions was also confi rmed with 
XPS and EDS. Figure  4  shows a set of survey and regional 
XPS spectra acquired from pristine, magnesiated, and 
demagnesiated V 2 O 5  samples. The survey spectra and the 
corresponding atomic ratios (Table S1, Supporting Informa-
tion) reveal reversible changes in Mg content upon magne-
siation and demagnesiation, and the atomic ratio of Mg with 
respect to V decreased from ≈75% for the magnesiated elec-
trode to ≈8% for the demagnesiated electrode. Such reversible 
changes were also observed with the EDS spectra shown in 
Figure S3 in the Supporting Information. The high-resolution 
XPS scan of Mg 2p spectra supports this reversible behavior 
(Figure  4 b), and interestingly the fully magnesiated electrodes 
showed one broad peak that can be best fi tted with two com-
ponent peaks. This suggests nonuniformity in the local Mg 
ion binding environment and probably centered with two 
conditions at 50.73 and 51.47 eV. The V 2p spectra (Figure  4 c) 
reveals reversible changes in the oxidization state of vana-
dium. The pristine V 2 O 5  material exhibited predominately the 
V 5+  oxidation state. The uptake of Mg ions is accompanied 
with the appearance and increases of the V 4+  peak at 516.6 eV 
and V 3+  peak at 515.3 eV. Upon demagnesiation the inten-
sity for both V 4+  and V 3+  peaks was decreased whereas the 
V 5+  peak was increased. This clearly suggests that vanadium 
was participating in the magnesiation and demagnesiation 
reactions. [ 32 ]  

 The electrochemistry and battery performance data are 
shown in  Figure    5  . Figure  5 a shows a set of CV results col-
lected at scan rates from 2 to 50 mV s −1  using a three-elec-
trode setup, with two Mg strips working as the reference and 
the counter electrodes, respectively. The composite electrode 
exhibited broad cathodic and anodic responses. Noticeably, the 
current densities were signifi cantly higher than either the RFC 
alone or bulk V 2 O 5  (Figure  5 b; Figures S4 and S5, Supporting 
Information), suggesting signifi cantly improved electrochem-
ical activities with the composite material. The CVs at dif-
ferent scan rates were analyzed and nearly linear relationships 
between the current (cathodic at 1.0 V and anodic at 2.4 V) and 
the scan rate were determined (Figure  5 a, inset). Such a rela-
tionship suggests that the electrochemical reaction was surface 
limited (as opposed to diffusion limited) and can be described 
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 Figure 4.    Set of XPS spectra acquired from pristine, magnesiated, and demagnesiated V 2 O 5 /RFC composites: a) Survey spectra, b) regional Mg 2p 
spectra, and c) V 2p spectra.
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as a pseudocapacitive process, and this type of reaction usually 
offers excellent rate capability. [ 33 ]  The rate performance of the 
composite was indeed excellent, and the capacity was main-
tained at ≈100 mAh g −1  even at a high current density of 
640 mA g −1  (Figure  5 c). Figure  5 d compares the activity of 
the composite material with typical cathode materials devel-
oped for Mg batteries, including the Chevrel phase Mo 6 S 8  
(<2.0 V, ≈120 mAh g −1 ) [ 10a ]  and RFC (2.8 V, ≈30 mAh g −1 ) at 
similar current densities. The comparison clearly suggests 
that the composites based on nanoclusters have the highest 
capacity and voltage and therefore hold great promises for the 
future. 

  In strong contrast with the supported V 2 O 5  nanoclusters, 
both bulk crystalline V 2 O 5  and RFC alone exhibited much 
smaller capacity when tested under identical conditions 
(Figure  5 ; Figures S4 and S5, Supporting Information). This 
suggests that the phase of V 2 O 5  plays critical roles on hosting 
Mg 2+  ions. To gain better understanding on the reaction mech-
anism, we studied the effect of annealing in H 2 /Ar atmos-
phere on the electrochemical behavior of V 2 O 5 /RFC. The 
annealing process induces the aggregation of nanoclusters 
and formation of larger particles as evidenced by the XRD pat-
terns and TEM images ( Figure    6  a,b). It is interesting to note 
that in contrast to the synthesis of V 2 O 5  with the conventional 
sol–gel processes that annealing at 300 °C is high enough 
to obtain crystalline V 2 O 5 , [ 34 ]  the presence of carbon sup-
port and carbon–V 2 O 5  nanoclusters interaction strongly pro-
hibited the crystallization and no clear lattice was developed 
below 600 °C (Figure  6 c). Therefore, the sample annealed at 
900 °C was used for electrochemical tests. The high Mg 2+  ion 
storage capacity of the composites was mostly retained after 
annealing as evidenced from the CV results (Figure  6 d). After 
careful examination of the high-resolution TEM images of 

the composite, it appears that the crystalline vanadium oxides 
were thin plates anchored on carbon (Figure  6 b) and hence 
the surface Mg ion storage process should still stand, and this 
may explain the electrochemical activity. Additionally, we also 
studied an alternative electrolyte to rule out the possibility of 
side reactions since the [Mg 2 (µ-Cl) 2 (DME) 4 ][AlCl 4 ] 2  electrolyte 
has very complicated solution chemistry. In this case, we used 
0.4  M  Mg(TFSI) 2  in diglyme that is representative for conven-
tional and simple battery electrolytes, and the results show 
responses similar as in the Mg battery electrolyte (Figure S6, 
Supporting Information). This suggests that the observed 
electrochemical responses were indeed originated from reac-
tions with Mg ions. 

  The exceptionally high capacity and high rate behavior of 
V 2 O 5  nanoclusters and the combined spectroscopy and micro-
scope characterizations suggest the presence of a unique 
energy storage mechanism that maybe best described as the 
“molecular storage mechanism”. In reference to the well-
documented sol–gel synthesis mechanism of oxides and the 
interface growth mechanism of monolayer V 2 O 5  on supported 
substrates, [ 27,35 ]  we believe the AHD method of synthesizing 
carbon supported V 2 O 5  nanoclusters results in 1D, 2D, and 
3D V 2 O 5  nanoclusters that are quite complex in local struc-
ture (a simplifi ed model to illustrate the interface is shown 
in  Figure    7  ) but share the important characteristics of nano-
clusters. The formation of such an interface may be assisted 
by the surface chemistry of RFC because it has rich defective 
and reactive sites (such as sp 3  carbon and surface functional 
groups, Figure  3 a) in comparison with more graphitized 
carbon materials such as graphene and carbon nanotubes. 
These surface supported molecular nanoclusters have reac-
tive sites and could react with Mg ions through reversible 
chemical binding reactions (Figure  7 ). This reaction is mostly 
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 Figure 5.    Electrochemical results of V 2 O 5 /RFC composites in 0.2  M  [Mg 2 (µ-Cl) 2 (DME) 4 ][AlCl 4 ] 2 : a) Cyclic voltammetry at different scan rates, the inset 
shows a linear relationship between scan rates and currents that is characteristic of surface limited electrochemical reaction, b) comparison of the CV 
curves (at 10 mV s −1 ) for RFC only and RFC/V 2 O 5  composite, c) rate performance of the composite, d) comparison of the specifi c capacity of RFC, 
Mo 6 S 8 , and V 2 O 5  for Mg battery cathode, and e) cyclic stability of RFC/V 2 O 5  composite at 320 mA g −1 .
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surface oriented and does not involve substantial solid-state 
Mg 2+  ion transport and leads to the capacitive behavior with 
outstanding rate performance. The drawback of this molec-
ular mechanism for this composite material, however, is the 
stability over repeated battery cycles and the capacities only 
retained ≈90 mAh g after 50 cycles (Figure  5 e for stablity at 
320 mA g −1  and Figure S2 for stability at 40 mA g −1 ). A pos-
sible reason is that the molecular interactions of V 2 O 5 –carbon 
and magnesiated/demagnesiated V 2 O 5 –carbon may have very 
different strength, as can be seen from Raman spectra, and 
repeated magnesiation cycles may lead to detachment of the 
nanoclusters. Composites with stronger nanoclusters–carbon 
support interaction, such as through controlled synthesis 
and/or tune of carbon surface chemistry, may have improved 
stability. 

    3.     Conclusion 

 In summary, we report a strategy for development of magne-
sium cathode materials using supported nanoclusters that 
implement a molecular energy storage mechanism. The unique 
structure of the V 2 O 5  nanoclusters identifi ed in this work 
allows a reversible reaction with Mg ions and results in the 
composite delivering superior reaction kinetics compared with 
bulk crystalline materials. The results described here suggest 
the critical importance of phase and dimensionality for Mg 
ion host materials. Even though the cyclic stability needs fur-
ther improvement, by methods such as modifi cation of carbon 
support chemistry and support-nanocluster interactions, the 
approach and results discussed in this paper provide a viable 
approach for high-voltage and high-capacity Mg batteries.  
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 Figure 6.    Effect of annealing on the behavior of V 2 O 5  nanoclusters: a,b) TEM images after annealing at 900 °C, c) XRD patterns for RFC and V 2 O 5 /
RFC composites annealed at different temperatures, and d) comparison of the CV profi le of composites before and after annealing at 900 °C, the scan 
rate was 10 mV s −1 .

 Figure 7.    Proposed surface mechanism for the formation of highly dispersed vanadium oxide nanoclusters on a porous carbon support and the 
molecular reversible storage of Mg ions.
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  4.     Experimental Section 
  Material Preparation and Characterization : In a typical procedure, RFC 

(50 mg) was fi rst degassed and loaded with water by exposing to water 
vapor at 80 °C for one hour. The ambient hydrolysis deposition (AHD) 
of V 2 O 5  was conducted by dispersing the water loaded RFC in a diluted 
solution of vanadium(V) trisisopropoxide in cyclohexane (10 vol%). The 
mixed dispersion was aged for one hour and was then fi ltered inside 
a glovebox. The solid products collected were heated at 225 °C in air 
for 2 h. The above AHD cycle was repeated to achieve the desired V 2 O 5  
loading. 

  XRD analysis was conducted using a Rigaku MiniFlex II instrument. 
TEM images were acquired using an FEI Tecnai G 2  (200 kV fi eld-emission 
gun) transmission electron microscope. S/TEM images were acquired 
with a Cs-corrected FEI Titan (300 kV fi eld emission gun). The EDS 
spectra were acquired with an EDAX Sapphire energy dispersive X-ray 
spectrometer fi tted to the Cs-corrected 300 kV FEI Titan. The  51 V solid-
state NMR spectra were obtained at a Larmor frequency of 157.65 MHz 
on a 600 MHz (14.1 T) NMR spectrometer (Agilent, USA) equipped with 
a 1.6 mm HXY triple-resonance magic angle spinning (MAS) probe and 
a spinning speed of 30 kHz. The sample was transferred to the NMR 
rotor inside a glovebox and the rotor was kept in a sealed container 
to minimize air exposure. All MAS–NMR experiments were performed 
using dry nitrogen gas. Raman spectra were obtained on an inverted 
microscope (Nikon Eclipse Ti) coupling with Raman spectroscopic 
system (Horiba Jobin Yvon). Red He–Ne laser (632.8 nm) was used as 
the excitation laser source.   

  Electrochemistry : The electrodes were prepared as follows: 80 wt% 
V 2 O 5  /RFC composite, 10 wt% super-P carbon and 10 wt% PVDF were 
mixed as slurry using N-methyl-2-pyrrolidone as the dispersant. The 
slurry was coated on a piece of carbon paper. Typical active material 
loading was ≈3 mg cm −2 . The electrolyte solution was 0.2  M  [Mg 2 (µ-
Cl) 2 (DME) 4 ][AlCl 4 ] 2  in DME, prepared by following the reported protocol 
of reacting aluminum chloride with magnesium chloride in DME. [ 6b ]  The 
batteries for cell testing were assembled inside an Ar-fi lled glovebox as 
Swagelok cells, using glass fi ber paper as the separator, a piece of Mg 
metal as the anode, and molybendum metal as the cathode current 
collector. Cyclic voltammetry (CV) tests were conducted using a CHI660C 
electrochemical workstation (CH instrument, US). Charge–discharge 
and cyclic stability tests were conducted using a Land battery analyzer.  
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