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Abstract 

Different polymorphs of Mg-Sn and Mg-Pb intermetallic compounds were prepared by high-energy mechanical alloying and then in- 
vestigated as active material in magnesium batteries. Beside thermodynamically stable Mg 2 Sn and Mg 2 Pb crystallizing in the anti-fluorite 
structure, other polymorphs Mg ∼2 Sn and Mg ∼2 Pb were prepared by increasing the ball-milling time. The first dealloying process is almost 
complete only for the cubic polymorphs, then similar capacities are observed during the subsequent alloying and dealloying sequences. 
Thanks to operando X-ray diffraction, the electrochemical mechanism is revealed and shows that the cubic polymorphs Mg 2 Sn and Mg 2 Pb 
tend to preferentially form during the alloying whatever the pristine intermetallic. Weak traces of Mg ∼2 Sn and Mg ∼2 Pb are observed during 
the alloying, suggesting that these polymorphs act as a by-product and/or an intermediate phases of the electrochemical process. Finally, the 
compatibility of cubic Mg 2 Sn and Mg 2 Pb with Mg(TFSI) 2 -based electrolyte is confirmed in full cell vs. a positive electrode based on the 
Chevrel phase Mo 6 S 8 , although limited performance is achieved. This fundamental work provides new insights in the behavior of alloy-type 
negative electrodes for magnesium-ion batteries. 
© 2021 Chongqing University. Publishing services provided by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Peer review under responsibility of Chongqing University 
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. Introduction 

Magnesium batteries are currently investigated as a possi-
le alternative to the well-established lithium-ion technology
 1 , 2 ]. Driven by the growing market of electric vehicles, the
ncreasing demand for batteries could indeed face some dura-
ility and sustainability issues regarding specific raw materi-
ls, such as cobalt, nickel or lithium. It is thus important to
nvestigate other types of batteries employing more abundant
lements such as magnesium. The story of rechargeable mag-
esium batteries really started with the prototype systems of
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urbach, with the Chevrel phase Mo 6 S 8 at the positive elec-
rode, a magnesium metal negative electrode and Grignard-
ased electrolytes [3] . This pioneering work already under-
ined the two major challenges of the Mg-batteries: the easy
urface passivation of the magnesium in contact with conven-
ional electrolytes typically used for metal-ion battery, and
he lack of positive electrode materials due to the sluggish
onic diffusion of Mg 

2 + into classical host electrodes [ 4 , 5 ].
remendous efforts have been made to identify new genera-

ions of electrolytes suitable for a magnesium metal electrode,
nd more practical than the Grignard-based ones (simpler, less
orrosive and with a wider electrochemical stability window).
t the positive electrode, sulfur-based composites seem to fo-

us nowadays most of the attention [6] . The theoretical com-
ination of magnesium and sulfur in a same battery would
ffer high energy density above 3200 Wh/L, while being
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1  
ustainable and affordable. However, such a promising sys-
em would also come along with the well-known drawbacks
f metal/sulfur systems (insulating nature of sulfur imply-
ng limited loading in the electrode, polysulfide shuttle effect,
tc. ) [6] . 

Recently, alloy-type electrodes for magnesium-ion batter-
es have been investigated, thanks to the relatively high the-
retical capacity and the low alloying potentials of elements
rom groups IIIA, IVA and VA. Bismuth, antimony were the
rst alloy-type electrodes implemented in magnesium-ion bat-

eries, followed by reports on silicon, germanium, tin, indium
nd more recently gallium [7] . Obviously, most studies evalu-
ted these elements in half-cell configuration with magnesium
ounter electrode and Grignard-based electrolytes. However,
he compatibility with more conventional and practical elec-
rolytes has been rapidly underlined and stands now as the

ain advantage of these alloy-type electrodes. Consequently,
he use of magnesium alloys of general formula Mg x M has
een proposed to investigate Mg-free positive electrode ma-
erials, such as the Chevrel phase standard Mo 6 S 8 , but also
anadium oxide V 2 O 5 or carbon/sulfur composites, in simple
lectrolyte generally made from Mg(TFSI) 2 salt dissolved in
cetonitrile, tetrahydrofuran or dimethoxyethane [8–10] . 

Among the different Mg x M alloy systems, promising re-
ults can be predicted for Sn- and Pb-based alloys based on
he behavior of these metals as alloy-type negative electrodes.
oncerning tin, during the first investigation of its electro-
hemical behavior in magnesium batteries, Singh et al. [11]
bserved at C/200 an alloying plateau around 0.15 V end-
ng with a high discharge capacity of 900 mAh/g Sn , i.e. ,
lose to the theoretical value corresponding to the forma-
ion of Mg 2 Sn. However, they also showed that magnesi-
ted electrodes further deliver a fraction of this initial ca-
acity ( ∼300 mAh/g Sn ) [11] . Irreversible pulverization and
morphization upon cycling could explain this limited capac-
ty. The electrochemical behavior of bulk Mg 2 Sn prepared by
all-milling was then investigated by Nguyen and coworkers.
fter an initial capacity below 200 mAh/g alloy a maximum
f 270 mAh/g alloy was reached upon cycling. Galvanostatic
ntermittent titration technique, or optimized electrode formu-
ation, enabled reaching higher values [ 12 , 13 ]. 

In the case of lead, its electrochemical behavior was in-
estigated in 2015 by the group of Obrovac, starting from
lectrodes either prepared by sputtering or made from micro-
etric Pb powder [14] . At 60 °C and current rates of C/40

r C/50, reversible capacities of 450 and 275 mAh/g Pb were
btained, respectively, with Grignard-based electrodes. The
lloying process occurs at 125 mV vs. Mg. Only indium-
ased electrodes exhibit a lower alloying potential [15] . To
ypass an initial catalytic reaction on the electrode surface,
he application of a current pulse prior to the discharge was
roposed. To the best of our knowledge, no investigation of
he electrochemical behavior of Mg 2 Pb has been performed
ntil now. 

In this work, different Mg-Sn and Mg-Pb polymorphs are
repared by mechanical milling and the mechanisms of elec-
rochemical dealloying and alloying process are investigated
hrough operando X-ray diffraction. Their compatibility with
 conventional electrolyte formulation is also confirmed by
ssembling full cells vs. a Chevrel phase positive electrode. 

. Experimental 

Magnesium, tin and lead powders (Sigma-Aldrich, 99%,
25 mesh, Alfa Aesar, 99.5%, 100 mesh and 98%, 20–230
esh, respectively) were used as received and mixed in a 3D
pex mill (Spex SamplePrep 8000 M) in argon atmosphere
ith stainless steel jar and balls. For 1 g of powder mixture,

ypically 4 grinding balls of 10 mm diameter are used. Fol-
owing our experience on the preparation of magnesium-based
lloys by mechanical alloying [ 8 , 16 , 17 ], a nominal excess of
0% of magnesium powder was systematically added to the
toichiometric ratio 2:1 to avoid or at least minimize traces of
ristine non-alloyed tin or lead. Different batches of Mg 2 Sn
nd Mg 2 Pb were prepared with milling times of 5 or 10 h. 

The four resulting powder materials were characterized
y X-ray diffraction (XRD) on a Panalytical X’Pert Pro-
iffractometer operating with Cu K α radiation, under a pro-
ective airtight polymeric film to limit moisture reaction.
hemical analysis was performed through inductively coupled
lasma atomic emission spectroscopy (ICP-AES) at FILAB
Dijon, France). Powder morphology was also analyzed by
canning electron microscopy (SEM) with a Hitachi S-4800
icroscope. 
Self-supported electrodes were prepared by mixing

0 wt.% of active powder (Mg 2 Pb or Mg 2 Sn), 10 wt.% of
arbon (C65, Timcal), 10wt% of vapor grown carbon fibers
VGCF-H, Showa Denko K.K.) and 10 wt.% of polytetrafluo-
oethylene (PTFE, Sigma-Aldrich, > 40 μm) in a mortar. The
aste obtained was punched into discs to form 8 mm diam-
ter electrodes with an average mass loading of 30 mg/cm ².
uch high loading was chosen to optimize the conditions of
perando X-ray diffraction measurements, although it is clear
hat an optimization of the formulation is necessary to tar-
et interesting electrochemical performance. This goes, how-
ver, beyond the scope of this fundamental study that aims
t highlighting the structural changes during the (de)alloying
rocess. 

The Chevrel phase Mo 6 S 8 was synthetized by adapting a
idely recognized 2-step protocol [18] . Firstly, the ternary
u 2.5 Mo 6 S 8 Chevrel phase was obtained by heating a stoi-
hiometric mixture of Cu (Sigma-Aldrich, 99.9%, 325 mesh),
o (Alfa-Aesar, 99.95%, APS 3.7 μm) and MoS 2 (Sigma-
ldrich, 99%, < 2 μm) during 24 h at 1000 °C under con-

tant argon flow. Secondly, Cu was removed by acidic leach-
ng with an HCl aqueous solution (6 M) under O 2 bubbling.
inally, the solid was filtered, washed with distilled water and
thanol and lastly dried at 60 °C. The final product was char-
cterized by XRD to check the purity of the obtained Chevrel
hase. Mo 6 S 8 electrodes film were formulated by mixing
0 wt.% of Mo 6 S 8 , 5 wt.% of C65, 5 wt.% of VGCF-H,
0% of polyvinylidene fluoride (PVDF, SOLEF 21,216/1001)
nd NMP as the solvent. The slurry was then tape-casted on
0 μm carbon-coated aluminum foil and dried following the
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bove-mentioned procedure, leading to electrodes with an av-
rage mass loading around 1.5 mg/cm ². 

All-ethyl-complex magnesium electrolyte (AEC) was ob-
ained by mixing ethylmagnesium chloride (EtMgCl, 2 M
n THF, Sigma –Aldrich) and diethylaluminium chloride
Et 2 AlCl, 97% Sigma-Aldrich) in THF. The final concen-
ration of the EtMgCl-Et 2 AlCl-THF electrolyte was around
.35 M Conventional magnesium electrolyte was prepared
y dissolving magnesium bis(trifluoromethanesulfonyl)imide
alt (Mg(TFSI) 2 , 99.5%, Solvionic) in dimethoxethane (DME,
igma-Aldrich purity > 99%)) with a 0.5 M concentration.
rior to use, Mg(TFSI) 2 was dried at 250 °C in a vacuum
ask, while DME was dried first by argon bubbling, then by
ddition of 4 Å molecular sieves for 3 days, next refluxed
ith K/Na (3/1 wt.%) for 1 day and finally distilled. 
2-electrode coin-cells (2032, 316 L stainless steel) were

ssembled in an argon-filled glove-box, with Mg disks (Good-
ellow, 99.9%, 250 μm, polished before use) as both nega-
ive and reference electrode. Two Whatman GF/A borosilicate
lass fibers were used as separator and wetted with 100 μL
f electrolyte. Operando XRD measurements were carried out
ith a dedicated in situ electrochemical cell with a specific
e window to probe the structural evolution of the electrode
aterial [19] . For this early-stage and fundamental investi-

ation, there is no need to balance the battery electrodes.
hen associated to a magnesium counter electrode, the alloy-

lectrode has the lowest capacity. In full cell configuration vs.
he Chevrel phase positive electrode, the latter has the low-
st capacity. All Galvanostatic tests was perform on an MPG
otentiostats (Biologic). 

Operations including the mechanochemical synthesis of the
ntermetallic compounds, the electrode formulation, the elec-
rolyte preparation and the battery assembly were carried out
n an argon-filled glove box (MBraun LABSTAR) with an
xygen level < 0.5 ppm. 

. Results and discussion 

The XRD patterns obtained after mechanical alloying of
g-Sn and Mg-Pb mixtures are gathered in Fig. 1 . The

atterns obtained after 5 h of milling exhibit well-defined
iffraction patterns that can be all indexed with the cu-
ic space group Fm -3 m. Profile matching refinement con-
rms the formation of the cubic phases Mg 2 Sn and Mg 2 Pb,
ith cell parameters in good agreement with the literature

 a = 6.762(2) Å for Mg 2 Sn, a = 6.820(1) Å for Mg 2 Pb)
nd no visible traces of Sn and Pb, respectively (Fig. S1).
he chemical analysis (Table S1) supports this observation as
agnesium contents of 28.7 and 19.0 wt.% are, respectively

etermined (in line with the above chemical formula). 
For milling times of 10 h, the patterns significantly change

 Fig. 1 b and d). Preliminary phase searching did not provide
 unique solution but identify weak traces of cubic Mg 2 Sn
nd Pb, respectively. No further information could be obtained
rom the chemical analysis as the magnesium content does not
ignificantly evolve (Table S1). Consequently, it was impor-
ant to reexamine the phase diagrams of the Mg-Sn and Mg-
b systems and the existing literature related to Mg-Sn and
g-Pb polymorphs. Indeed, cubic Mg 2 Sn and Mg 2 Pb crys-

allizing in the antifluorite-type structure are well known and
idely reported as the thermodynamically stable allotropes at

mbient conditions [ 20 , 21 ]. Nevertheless, other polymorphs
ave been also observed in a narrow region around Mg 2 Sn
nd Mg 2 Pb compositions. 

For the Mg-Sn system, an hexagonal phase was re-
orted firstly at high-pressure and high-temperature [ 22 , 23 ],
ut then also through long-time mechanical alloying [24] .
 slight Mg-deficient composition, Mg 9 Sn 5 (or Mg 1.8 Sn)
as later proposed for this dense form with cell parame-

ers a = 13.222 Å and c == 13.15 Å [25] . Additionally,
n orthorhombic metastable phase was firstly detected on
hin film by metal evaporation [26] , and then obtained via
all-milling and briefly characterized with cell parameters
 == 15.23 Å, b == 8.90 Å and c == 13.10 Å [27] .
n both cases, no further details are provided on the crys-
allographic structure. Nevertheless, profile matching was at-
empted on XRD of Fig. 1 b with both “models”. Owing to the
uite broad diffraction peaks commonly observed for materi-
ls obtained by mechanochemical alloying, however, the re-
nements were not satisfactory enough to unequivocally iden-

ify the crystal structure. To avoid confusion, this polymorph
ill hereafter be named “non-cubic” with a chemical formula
g ∼2 Sn. 
Regarding the Mg-Pb system, in 1965 Eldrige et al.

howed that cubic Mg 2 Pb melts incongruently and forms a
’ phase at a different composition slightly deficient in Mg

28] . This polymorph was not included in the Mg-Pb equi-
ibrium phase diagram proposed in 1985 by Nayeb-Hashemi
nd Clark, which is now widely spread and used in refer-
nce books [21] . More recently, additional studies specially
ocused on the composition region around Mg 2 Pb reinstated
he existence of the β’ phase [ 29 , 30 ]. However, the crystal-
ographic structure of the latter has not yet been determined
ith certainty. An orthorhombic PbCl 2 -type structure (space
roup Pnma , a == 7.50 Å, b == 4.45 Å and c == 8.82 Å)
as proposed initially, but has not been confirmed afterwards

28] . More recently, ab initio evolutionary methods were per-
ormed and concluded on tetragonal symmetry (space group
4/nmm, a == 4.5396 Å, b == 7.5278 Å) [31] . Here again,
rofile matching attempts with the above-mentioned models
ere not satisfactory, it is not possible to unambiguously as-

ign a particular symmetry. To avoid any further confusion,
his polymorph will hereafter be named “non-cubic” with a
hemical formula Mg ∼2 Pb. 

The particle morphology of these intermetallics is shown in
nsets in Fig. 1 . Unsurprisingly, the ball-milled powders con-
ists on large aggregates of sub-micrometric particles, as al-
eady reported for alloys prepared in similar conditions [ 8 , 15 ].

The electrochemical behavior of the as-prepared Mg-Sn
nd Mg-Pb polymorphs is evaluated in half-cell at C/30. Here
t is worth mentioning that this current rate is higher than in
revious studies dealing with alloy-type electrode materials
7] , but still very low considering practical applications. The
rst two cycles are presented in Fig. 2 with specific capacities
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Fig. 1. XRD patterns and SEM pictures of cubic Mg 2 Sn (a), non-cubic Mg ∼2 Sn (b), cubic Mg 2 Pb (c) and non-cubic Mg ∼2 Pb (d). Scale bar is 100 μm. For 
the cubic polymorphs, profile matching refinement is provided in supplementary section. 
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o ease the comparison between polymorphs. For all, the de-
lloying process starts with a stable plateau slightly increasing
rom 0.25 to 0.3 V before a progressive increase to reach the
ut-off value of 0.7 V. With the cubic polymorphs, the cor-
esponding capacities of 590 and 460 mAh/g alloy show that
lmost all the magnesium seems to be extracted from Mg 2 Sn
nd Mg 2 Pb, respectively, during this initial charge (theoretical
alues of 640 and 420 mAh/g alloy ). The slight extra capacity
n case of Mg 2 Pb could be assigned to weak parasitic re-
ctions already observed with Pb-based electrodes [14] . The
ubsequent alloying occurs at a low voltage (below 0.2 and
.1 V for tin- and lead-based electrodes, respectively), with
 rather limited capacity around 200 mAh/g alloy in both cases
hat is maintained upon cycling. Regarding the two other
olymorphs, Mg ∼2 Sn and Mg ∼2 Pb, the initial electrochem-
cal charge starts similarly to the cubic polymorph with the
ame plateau potentials; with however a cut-off value reached
ore rapidly and a corresponding capacity significantly re-

uced ( Fig. 2 b and d). 
This sharp contrast in the electrochemical signature of the

rst dealloying between cubic and non-cubic polymorphs is
ppealing. This contrast cannot by attributed to a different
orphology, since the SEM pictures in Fig. 1 do not re-

eal any distinct grain size and aspect. Without any detail on
he crystallographic structure of the non-cubic Mg ∼2 Sn and
g ∼2 Pb, it is also not possible to assign this capacity differ-

nce to distinct surface energies. More investigations going
eyond the scope of this work are thus necessary to fully
nderstand this difference in the dealloying. 

To grasp further details of the electrochemical processes,
n operando XRD follow-up of the first galvanostatic cycles
as carried out. Previous ex situ XRD patterns collected af-

er magnesiation of tin-based or lead-based electrodes con-
rmed the formation of the cubic Mg 2 Sn and Mg 2 Pb, re-
pectively [ 11 , 32 ]. No details, however, were reported about
ossible intermediates formed along the electrochemical dis-
harge. In Fig. 3 , it is firstly important to note the pres-
nce of weak diffraction peaks of tin or lead in the pristine
lectrode whatever the polymorph. This result is in contra-
iction with the XRD collected after the mechanical alloy-
ng. The only explanation is a partial spontaneous dealloy-
ng occurring chemically between the cell assembly in the
lovebox and the beginning of the electrochemical test, never
ess than 15 min. Then, the dealloying sequences of all the
ntermetallic compounds are characterized by the disappear-
nce of the peak of the pristine polymorph, while the peaks
f tin ( β) on one side, or lead on the other side, regularly
ncrease in intensity. This observation is in line with the
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Fig. 2. Galvanostatic behavior of Mg/Mg 2 Sn and Mg/Mg 2 Pb half-cells at C/30 current rate with EtMgCl-Et 2 AlCl/THF electrolyte (first cycle in blue, second 
cycle in red): cubic Mg 2 Sn (a), non-cubic Mg ∼2 Sn (b), cubic Mg 2 Pb (c) and non-cubic Mg ∼2 Pb (d) (For interpretation of the references to color in this figure 
legend, the reader is referred to the web version of this article). 

Fig. 3. Operando XRD investigation of the electrochemical behavior of cubic Mg 2 Sn (a), non-cubic Mg ∼2 Sn (b), cubic Mg 2 Pb (cubic) and non-cubic Mg ∼2 Pb 
(d). For each case, peaks indexation or at least Bragg peaks are provided when possible. To enhance the magnesiation process during discharge, a floating 
was applied once the cell reaches 0 V. Symbols ( ∗) and (#) stand for the beryllium window and unidentified inactive impurities on its surface. 
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Fig. 4. Galvanostatic cycling of full cells Mg 2 Sn-cubic/Mo 6 S 8 (top) and 
Mg 2 Pb-cubic/Mo 6 S 8 (middle) at C/10 current rate with Mg(TFSI) 2 /DME 

electrolyte, and capacity evolution upon cycling (bottom). 
teady-flat voltage plateau characterizing a biphasic alloying
eaction. 

In case of cubic Mg 2 Sn pristine electrode, the subsequent
ischarge shows the reformation of the cubic Mg 2 Sn, the lat-
er exhibiting better crystallinity (narrower diffraction peak at
6.5 ° in Figs. 3 a and S2). The magnesiation appears more
omplex for pristine Mg ∼2 Sn with the concomitant appari-
ion of cubic and non-cubic polymorphs ( Figs. 3 b and S3).
s long as the alloying proceeds, the proportion of the cubic
g 2 Sn slightly increases. In both cases, a significant amount

f tin remain at the end of the discharge, in agreement with
he limited alloying capacity observed in Fig. 2 . The explana-
ion could lie on an important alteration of the grains during
he first dealloying process leading to isolated tin particles no
onger in electrical contact. 

For lead-based electrodes, the early stages of the electro-
hemical magnesiation are characterized by the appearance of
eak reflections assigned to non-cubic Mg ∼2 Pb, whatever the
ristine polymorph ( Figs. 3 c,d and S4, 5). This is somehow
ogical considering that these polymorph is slightly poorer in

agnesium than the cubic one. As the alloying process con-
inues, these peaks slowly disappear in favor of cubic Mg 2 Pb.

A more detailed analysis of the operando XRD datasets
sing a chemometric approach, provided in the SI section,
onfirmed the above-mentioned observations and also sup-
lied complementary information on the evolution of the crys-
allinity between the pristine and electrochemically formed
hases (Figs. S6–16). In summary, the most important obser-
ation is the preferred formation of cubic polymorphs Mg 2 Sn
nd Mg 2 Pb, even if the other polymorphs are considered for
he pristine electrode. After that, the weak and/or short appari-
ion of Mg ∼2 Sn or Mg ∼2 Pb polymorphs during the alloying
rocess is actually not surprising as such phenomena have
lready been observed during the electrochemical alloying of
ther p -block elements, such as antimony, with alkali ions
 33 , 34 ]. 

Finally, the possible use of these intermetallic compounds
s negative electrodes in Mg-ion batteries with simple elec-
rolyte formulations, such as Mg(TFSI) 2 /DME, was evaluated
n full cells vs. Mo 6 S 8 Chevrel phase (CP) positive electrodes.
s we previously demonstrated that the cubic forms of Mg 2 Sn

nd Mg 2 Pb (i) exhibit the best first cycle capacity during the
e-alloying process and (ii) are mainly formed during elec-
rochemical alloying of both tin and lead forms, only those
olymorphs were considered for full cell tests ( Fig. 4 ). 

The initial discharge shows a slopy plateau occurring be-
ween 0.8 and 0.5 V for Mg 2 Sn, but slightly higher from 0.9
o 0.5 V for Mg 2 Pb due to the lower potential of Mg 2 Pb
ompared to that of Mg 2 Sn (calculated values of 121 and
97 mV vs. Mg 

2 + /Mg for Pb and Sn, respectively) [35] .
uring the corresponding charge processes, both Mg 2 Sn and
g 2 Pb show two plateaus at 1 and 1.4 V that can be at-

ributed to the sequential insertion of Mg 

2 + in the two in-
ertion sites of Mo 6 S 8 [36] . The differentiation between the
wo plateaus is not observed on the discharge due to intrin-
ic kinetic limitations. In both cases, there is a progressive
ut limited capacity decay upon cycling. The initial capacity
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oss of 20 mAh/g CP can be attributed to the partial irreversible
agnesium trapping in Mo 6 S 8 [37] . After that, the progressive

oss of capacity may have different origins: first, the degra-
ation of the electrolyte in contact with Mg at low potential
an progressively form a blocking layer on the negative elec-
rode [38] . Another possible reason could be the dissolution
f the alloying element in the electrolyte and its migration
o the positive side, as previously observed in the case of

g 3 Bi 2 /S batteries [10] . This shuttle phenomenon, which is
ot yet well understood and could have a negative effect on
he cycle life, will be the object of further detailed inves-
igations. Finally, the Mg that is non-reversibly alloyed can
ossibly plate on the negative electrode/electrolyte interface
t low potential resulting in the formation of passive Mg and
oss of active material. 

. Conclusions 

Different Mg-Sn and Mg-Pb polymorphs can be prepared
y mechanochemical synthesis: beside the cubic forms, ther-
odynamically stable at ambient conditions, this synthetic
ethod allows also obtaining other intermetallics with in-

reasing milling time. The electrochemical evaluation of these
ompounds shows that the first de-magnesiation is almost
omplete with cubic Mg 2 Sn and Mg 2 Pb, but only partial with
he other polymorphs. Operando XRD reveals that, during the
ollowing magnesiation, the cubic polymorphs are obtained
ndependent of the pristine polymorph, even though a tran-
ient metastable phase is formed at the very beginning of
he process in the case of Pb. The compatibility of cubic

g 2 Sn and Mg 2 Pb with Mg(TFSI) 2 /DME electrolyte when
sed as negative electrode materials in Mg-ion batteries was
onfirmed in Mg 2 Sn/Mo 6 S 8 and Mg 2 Pb/Mo 6 S 8 systems. The
bserved cycle life shows that the behavior of Mg 2 Sn and
g 2 Pb as negative electrodes in Mg-ion batteries with a sim-

le electrolyte formulation is promising compared to previous
tudies [7] . A benchmark in the same electrochemical condi-
ions appears thus necessary to clearly determine the most
elevant alloy to be used in magnesium-ion battery systems. 
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38] A. Kopač Lautar, J. Bitenc, T. Rejec, R. Dominko, J.S. Filhol,
M.L. Doublet, J. Am. Chem. Soc. 142 (11) (2020) 5146–5153, doi: 10.
1021/jacs.9b12474. 

https://doi.org/10.1016/S0167-577X(97)00081-5
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0028
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0028
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0028
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0028
https://doi.org/10.1007/BF02665209
https://doi.org/10.1016/j.tca.2008.05.011
https://doi.org/10.1063/1.4972957
https://doi.org/10.1016/j.electacta.2015.03.006
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
http://refhub.elsevier.com/S2213-9567(21)00300-5/sbref0033
https://doi.org/10.1021/jacs.5b13273
https://doi.org/10.1063/1.1712243
https://doi.org/10.1002/smll.201701441
https://doi.org/10.1021/acs.chemmater.7b00772
https://doi.org/10.1021/jacs.9b12474

	Mechanisms of electrochemical magnesium (de)alloying of Mg-Sn and Mg-Pb polymorphs
	1 Introduction
	2 Experimental
	3 Results and discussion
	4 Conclusions
	Acknowledgments
	Supplementary materials
	References


