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Abstract 
 The storage of energy by means of reversible intercalation of two-valent magnesium ions represents, 
nowadays, the shortest route to doubling the energy density of conventional lithium ion batteries. Contrary to the 
intercalation of monovalent lithium ions, the intercalation of Mg2+ is kinetically limited process. Herein we 
demonstrate a new approach for improvement of the kinetic of Mg2+ intercalation, which is based on dual 
intercalation of Li+- and Mg2+ ions with synergic effect. The concept is proven on the basis of two eco-
compatible oxides that are highly-efficient for Mg2+ storage: magnesium manganese spinel, MgMn2O4, and 
monoclinic lithium titanate, Li2TiO3. These two types of oxides are selected since they exhibit high and low 
potentials of ion intercalation due to the redox couples Mn2,3+/Mn3,4+ and Ti3+/Ti4+, respectively. The 
intercalation properties of MgMn2O4 and Li2TiO3 are examined in model cells versus metallic Li anode. The 
Li+ and Mg2+ intercalation is directed by the kind of the used electrolyte: lithium electrolyte consisting of 1M 
LiPF6 solution in EC:DMC and magnesium electrolyte – 0.5 Mg(TFSI)2 solution in diglyme. The mechanism of 
Li+ and Mg2+ co-intercalation is accessed by ex-situ X-ray diffraction (XRD) and high-resolution transmission 
electron microscopy (HR-TEM). The knowledge on the co-intercalation of Li+ and Mg2+ is of significance to 
construct hybrid Li-Mg-ion cell by combining MgMn2O4 with Li2TiO3 oxides as electrodes.  
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Introduction  
 Searching for efficient and safe energy storage devices, nowadays magnesium ion batteries are considered 
as most competitive alternative to well-known lithium ion batteries [1]. Both magnesium and lithium ion 
batteries operate by the same mechanism of reversible intercalation of Mg2+ an Li+ ions, but the replacement of 
monovalent Li+ with divalent Mg2+ ions will provoke a doubling of the battery capacity [1].  
 Magnesium-ion technology is promising for several reasons. First, due to the natural abundance of 
magnesium in the earth’s crust, approximately 104 times that of lithium, its incorporation into electrode 
materials is inexpensive. Secondly, magnesium is more air stable and has a higher melting point than lithium, 
making it safer relative to lithium. The divalent nature of magnesium ions also presents a potential advantage in 
terms of volumetric capacity (3833 mAh/cm3 for Mg vs. 2046 mAh/cm3 for Li) [2]. 
 Despite these positive attributes, the development of magnesium-ion technology has not kept pace with 
that of lithium ion technology. One critical issue impeding progress is the development of a suitable electrolyte 
which will enable reversible release of Mg2+ ions from a magnesium metal anode [3]. Unlike Li+ ion conducting 
surface films formed by polar aprotic electrolyte solutions on Li metal electrodes, surface films on magnesium 
metal often block the transport of Mg2+ ions [4]. 
 A second ongoing challenge is the development of electrode materials which have high reversible 
capacity and adequate operating voltage under appropriate power output conditions. However, there are many 
obstacles for Mg2+ intercalation in electrode materials: slow kinetics and lack of reversibility of the intercalation 
reaction, which in its turn are a consequence of significant polarizing and structural transformations taking place 
with the “host” compound in attempt to compensate locally the two charges of Mg2+. Recent work suggests that 
low Mg2+ mobility is caused by both strong ionic interactions as well as redistribution of the divalently charged 
cations in the host material [5]. Unfortunately, the potential for the Mg ion intercalation/deintercalation reaction 
of the Chevrel phase is rather low (formal potential of 1,14 V versus Mg). There are very few materials, which 
show an intercalation reaction with Mg ions at all, for example V2O5 and α-MnO2 [3, 6]. Various other 
compounds and alloys, have been investigated, such as TiS2 (layered [7] or spinel [8] structures), MoO3 [9], 
RuO2 [10], Mo2.5+yVO9+δ [11], and Prussian blue (PB) analogues (AxNiFe(CN)6, AxCuFe(CN)6) [12, 13]. Most 
of these materials showed a discharge voltage below 2 V vs. Mg/Mg2+, except for the PB analogues. Recently, 
transition metal polyanion compounds received some attention, however those based on iron, manganese and 
cobalt silicate showed no reversible intercalation reaction [14, 15]. The electrochemical magnesium 
insertion/deinsertion into/from a potassium nickel hexacyanoferrate (K0.86Ni[Fe(CN)6]0.954(H2O)0.766, KNF-086) 
cathode was studied using a 0.5 M Mg(ClO4)2 organic electrolyte. The cathode exhibited an excellent 
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electrochemical reversibility with a capacity of 48.3 mAh/g at a 0.2 C rate, and an average discharge voltage of 
2.99 V (vs. Mg/Mg2+)[16]. 

These results show the feasibility of a promising high voltage cathode material for magnesium-ion 
battery, and could highly motivate the search for new cathode materials with a higher capacity and discharge 
voltage in nonaqueous electrolyte systems. Therefore, the state-of-the art research is mainly devoted to the 
improvement of the kinetic of Mg2+ intercalation by engineering of nano-sized electrodes [1].  
 Herein we demonstrate a new approach for improvement of the kinetic of Mg2+ intercalation, which is 
based on dual intercalation of Li+ ions Mg2+ ions with synergic effect. The concept is proven on the basis of two 
eco-compatible oxides that are highly-efficient for Mg2+ storage: magnesium manganese spinel with normal and 
inverse cationic distribution, MgMn2O4, and monoclinic lithium titanate, Li2TiO3. These two types of oxides 
are selected since they exhibit high and low potentials of ion intercalation due to the redox couples Mn2,3+/Mn3,4+ 
and Ti3+/Ti4+, respectively. The intercalation properties of MgMn2O4 and Li2TiO3 are examined in model cells 
versus metallic Li anode. The Li+ and Mg2+ intercalation is directed by the kind of the used electrolyte: lithium 
electrolyte consisting of 1M LiPF6 solution in EC:DMC and magnesium electrolyte – 0.5 Mg(TFSI)2 solution in 
diglyme. The mechanism of Li+ and Mg2+ co-intercalation is accessed by ex-situ X-ray diffraction (XRD) and 
high-resolution transmission electron microscopy (HR-TEM). The knowledge on the co-intercalation of Li+ and 
Mg2+ is of significance to construct hybrid Li-Mg-ion cell by combining MgMn2O4 with Li2TiO3 oxides as 
electrodes.  
  
 Experimental 
 Monoclinic Li2TiO3 was obtained by hydrothermal method using TiO2 and concentrated LiOH solution, 
followed by temperature annealing at 400 oC. The preparation of MgMn2O4 spinel relies on the thermal 
decomposition of mixed magnesium-manganese formate precursors, which are obtained by freeze-drying of 
corresponding magnesium-manganese formate solution. The precursor decomposition proceeds at 350 oC for 
duration of 3 h. To improve the crystallinity, the oxides were annealed at 550 oC for 6 hours.   
 The structure and morphology of oxides were determined by powder X-ray diffraction, SEM and TEM 
analysis. The powder X-ray structural analysis was carried out on a Bruker Advance 8 diffractometer with a 
LynxEye detector (CuKα radiation). All XRD patterns were recorded at 0.02o 2Θ steps of 2 s duration. The 
computer program WinPLOTR was used for XRD patterns calculation. The SEM analysis is observed by JEOL 
JSM 6390 scanning electron microscope equipped with an energy dispersive X-ray spectroscopy (EDS, Oxford 
INCA Energy 350) and ultrahigh resolution scanning system (ASID-3D) in a regime of secondary electron 
image (SEI). The TEM investigations were performed on a JEOL 2100 transmission electron microscope and a 
JEOL 2100 XEDS: Oxford Instruments, X-MAXN 80T CCD Camera ORIUS 1000, 11 Mp, GATAN at 
accelerating voltage of 200 kV. The oxide suspensions in acetone were dripped on standard holey carbon/Cu 
grids. The Digital Micrograph software was used for sample analysis. 
 The electrochemical performance of oxides was accomplished by using half-ion cells type Swagelok 
consisting of Li|LiPF6(EC:DMC)|MgMn2O4 (or Li2TiO3). The electrodes, supported onto an aluminium foil 
with purity of 99%, were a mixture containing 80% of the active compositions, 5% poly (vinylidene fluoride) 
(PVDF), 7.5% C-NERGY KS 6 L graphite (TIMCAL) and 7.5% Super C65 (TIMCAL). The loaded mass of 
active materials on Al collectors was about 2-4 mg. Two types or electrolyte solutions were used: lithium 
electrolyte consisting of 1 M solution of LiPF6 in ethylene carbonate–dimethyl carbonate (1:1 by volume), and 
magnesium electrolyte based on 0.5 M Mg(TFSI)2 solution in diglyme. The lithium electrodes consisted of a 
clean lithium metal disk with diameter of 10 mm. The cells were assembled in a glove box under argon 
atmosphere. The electrochemical reactions were tested on Arbin BT2000 system with eight-channels in 
galvanostatic mode. The structural changes in the electrode compositions during electrochemical reaction were 
monitored on electrodes cycled in lithium and magnesium electrolyte for 10 cycles. The cell is stopped at 1.7 V, 
then it is disassembled insight a glove box, followed by removal and washing of the working electrodes with EC. 
 
 Results and Discussions 
 The thermal decomposition of mixed magnesium-manganese formate precursor yields at 350 oC a 
tetragonally distorted MgMn2O4 spinel (s.g. I41/amd, Fig. 1). The tetragonal structure is preserved after 
increasing the annealing temperature from 350 to 550 oC (Fig. 1). The unit cell parameters for oxides annealed at 
350 oC and 550 oC are a=5.813 Å, c=9.250 Å and a=5.727 Å, c= 9.300 Å, respectively. The ratio between the c- 
and a- lattice parameter expresses the extent of tetragonal distortion: c/(21/2a)=1.125 and c/(21/2a)=1.148 for 
MgMn2O4 annealed at 350 oC and at 550 oC, respectively. The structural analysis reveals an increase in the 
tetragonal distortion of the spinel structure with enhancement of the annealing temperature. This is related with 
distribution of Jahn-Teller Mn3+ and Mg2+ ions over two crystallographic spinel positions. The larger tetragonal 
distortion is achieved when Jahn-Teller Mn3+ and Mg2+ ions are stabilized on octahedral and tetrahedral spinel 
sites (oxide known as normal spinel) [17]. This is what we observe for MgMn2O4 annealed at 550 oC. The Mg2+ 
ions are prone to participate in exchange reactions with manganese ions, as a result of which part of Mg2+ ions 
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appears in the octahedral sites concomitant with a corresponding part of manganese ions - in tetrahedral sites 
(oxide known as inverse spinel) [17]. The cationic redistribution of Mg2+ between tetrahedral and octahedral 
spinel sites leads to a reduction of the tetragonal distortion of the spinel structure. It seems that, at lower 
annealing temperature (i.e. at 350 oC), MgMn2O4 adopts inverse spinel configuration with lower extent of 
tetragonal distortion. The Mg2+ and Mn3+ distribution in the oxide structure has been predicted, on the basis of 
first-principles calculations and percolation theory, to influence the electrochemistry of spinels such as 
MgMn2O4 and MgIn2S4 [18]. In this study, we provide experimental evidence on the effect of the cationic 
spinel distribution on the mechanism of Li+ and Mg2+ intercalation. 
   

 
Fig. 1. XRD patterns of MgMn2O4 annealed at 350 oC for 3 hours and at 550 oC for 6 hours. The asterisk 

denotes the impurity oxide phase with rock-salt structure. 
 
 In addition, the XRD patterns become narrower when the annealing temperature increases, thus indicating 
a growing of the crystallite sizes. To check this suggestion, Figure 2 gives the TEM images of MgMn2O4 
annealed at 350 and 550 oC. As one can see, MgMn2O4 displays nanometric particles with sizes varying between 
10 and 35 nm. Although both small and big particles can simultaneously be distinguished for the low-
temperature annealed spinel, the high-temperature annealed spinel posses well shaped particles with close 
particle size distribution around 35 nm. It is noticeable that, in the literature, this is a lowest temperature reported 
for the synthesis of well-crystallized MgMn2O4 [19].  
 

 (a)     (b) 
Fig. 2. TEM images of MgMn2O4 annealed at 350 oC for 3 hours (a) and at 550 oC for 6 hours (b). 

 
 Because of the specific cationic distribution and the nanometric particles, MgMn2O4 is able to intercalate 
reversibly both Li+ and Mg2+ ions. The intercalations of Li+ and Mg2+ into MgMn2O4 are compared on Figure 3. 
The electrochemical intercalation reactions are simply controlled by the composition of the used electrolyte: 
LiPF6- and Mg(TFSI)2-based electrolytes, respectively. The stable electrochemical response is obtained after 
few initial cycles. In lithium electrolyte, lithium intercalation into MgMn2O4 is accomplished between 1.8 and 
4.4 V by delivering a reversible capacity of about 95 mAh/g. It is of importance that charge and discharge curves 
display smooth changes during Li mobility into inverse spinel MgMn2O4 (i.e. annealed at 350 oC). For sake of 
comparison, the normal spinel oxide MgMn2O4 (i.e. annealed at 550 oC) exhibits two well-resolved plateaus 
where Li intercalation takes place: low-voltage plateau at 3.05/2.80 V and high voltage-plateau at 4.05/3.85 V, 
respectively. The two plateaus are typical for the lithium intercalation into LiMn2O4 spinel. This means that the 
normal spinel MgMn2O4 is transformed into LiMn2O4 during Li+ intercalation. It is worth mentioning that 
LiMn2O4 is classified also as a normal spinel since Li+ and Mn3+/4+ ions occupy tetrahedral and octahedral sites, 
respectively. The formation of tetragonal MgMn2O4 and cubic LiMn2O4 from λ-MnO2 has recently been 
demonstrated when the electrochemical reaction is performed in aqueous solutions [19]. Contrary to normal 
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spinel, it appears that the inverse spinel MgMn2O4 is not converted into LiMn2O4 spinel during cycling (Fig. 3). 
In addition, inverse spinel MgMn2O4 exhibits higher reversible capacity than that of normal spinel MgMn2O4. 
The stability of both normal and inverse spinels MgMn2O4 and their high reversible capacity suggests that the 
electrochemical reaction includes both Li+ and Mg2+ intercalation.  
 The dual intercalation of Li+ and Mg2+ into MgMn2O4 is further examined by the experiment, where the 
LiPF6-based electrolyte is replaced with Mg(TFSI)2-based electrolyte (Fig. 3). As one can see, the charge 
discharge curves undergo some changes in respect of their profiles. The comparison shows that charge and 
discharge curves become smoother concomitantly with increasing the irreversibility of the intercalation reaction 
especially in the few first cycles (Fig. 3): the irreversible capacity is about 30 mAh/g. The higher irreversibility 
of Mg2+ intercalation is related with kinetic limitations. However, the first charge capacity in Mg(TFSI)2-
electrolyte is close to that in LiPF6-electrolyte: 92 versus 98 mAh/g, respectively. During further cycling, the 
irreversibility is reduced and Coulombic efficiency become higher than 97 %. It is of importance that the 
discharge capacity in the magnesium electrolyte is still higher: 50 – 55 mAh/g. All these results give evidence 
for complex intercalation reactions of Li+ and Mg2+ into inverse MgMn2O4, which depend on the kind of the 
cationic distribution in spinel structure, as well as on the composition of used electrolyte. 

 
Fig.3. Charge discharge curves of MgMn2O4 in LiPF6- and Mg(TFSI)2-based electrolytes after 10 cycles. For 
sake of convenience, the charge curve of 2 cycle for inverse MgMn2O4 in Mg(TFSI)2-based electrolyte is also 

shown.  
  
 To understand the mechanism of metal ion intercalation into normal and inverse spinels, ex-situ HR-TEM 
analysis is undertaken. Figure 4 compares the bright field TEM images of normal and inverse spinel cycling in 
lithium and magnesium electrolyte. The nanometric particles and particle distribution for inverse and normal 
spinels remain intact after the electrochemical reaction irrespective of the composition of the used electrolyte. 
HR-TEM images of selected particles show an appearance of closely interconnected nanodomains with different 
extent of tetragonal distortion. The calculations along [111] and [010] directions permit to distinguish 
nanodomains with at least three different extent of tetragonal distortion: (i) nanodomains with a distortion close 
to that of the pristine spinel are observed for inverse MgMn2O4 cycled in lithium and magnesium electrolytes; 
(ii) nanodomains with a distortion higher than the pristine composition (i.e. c/(21/2.a)=1.17) are visible for both 
inverse and normal spinels cycled in lithium electrolyte, and (iii) nanodomains with a distortion lower than the 
pristine composition (i.e. c/(21/2.a)=1.08) appear only for inverse spinel cycled in magnesium electrolyte. To 
rationalize the observed variation in the extent of tetragonal distortion, one can take into account the possible 
phases containing magnesium and lithium, which crystallize in tetragonally distorted spinel structure. The well- 
known lithium intercalated spinel Li2Mn2O4 is tetragonally distorted and the “c/(21/2.a)”-ratio reaches a value of 
1.17. This value is close to that observed by us for inverse and normal spinels cycled in lithium electrolyte, 
which allows to associate nanodomains with a phase having a higher amount of lithium (i.e. Li2MnO4-like 
phase). The formation of Li2Mn2O4-like phase due to preferential Li+ intercalation is in agreement with two 
voltage plateaus observed in charge/discharge curves of normal MgMn2O4 cycled in lithium electrolyte (Fig. 3). 
The differences in the electrochemical behavior of inverse and normal spinel are also supported by nanodomain 
structure observed by ex-situ TEM analysis. In the case of the inverse spinel, the slightly lower distortion of 
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nanodomains indicates some differences in Li2Mn2O4-phase composition, which in its turn is manifested by the 
lack of plateaus in the charge/discharge curves (Fig. 3). This can be understood if we suppose that co-
intercalation of Mg2+ and Li+ ions takes place at inverse spinel cycled in lithium electrolyte.    
 Furthermore, the extent of the tetragonal distortion is reduced by decreasing the amount of Mg in Mg-
containing manganates, MgxMn2-xO4 with x<1 [17]. Therefore, the nanodomains with lower extent of tetragonal 
distortion originate from spinels with decreased Mg-to-Mn ratio (i.e. Mg/Mn<0.5). To support these 
observations, the chemical composition of cycled spinels is evaluated by BF-STEM. The results show that the 
Mg-to-Mn ratio decreases after cycling, this decrease is more significant for inverse spinel cycled in Mg(TFSI)2-
electrolyte: Mg/Mg=0.50 for pristine spinel and Mg/Mn=0.45 for inverse spinel cycled in lithium electrolyte, 
Mg=0.36 for normal spinel cycled in lithium electrolyte and Mg/Mn=0.11 for inverse spinel cycled in 
magnesium electrolyte. The observation of Mg-poor spinel during electrochemical cycling of the inverse spinel 
in magnesium electrolyte implies for proceeding of preferential Mg2+ intercalation instead of Li+ one. This is the 
opposite to the electrochemical behavior of the inverse spinel in lithium electrolyte, where Li+ intercalation 
prevails.   
   

 
Fig. 4. Bright field micrographs and HR-TEM images for inverse MgMn2O4 cycled in lithium electrolyte (top), 

normal MgMn2O4 cycled in lithium electrolyte (middle) and inverse MgMn2O4 cycled in magnesium electrolyte 
(bottom). The calculated extent of tetragonal distortion (c/a’=c/(21/2.a)) is also denoted. 

 
 In comparison with MgMn2O4, the well-known Li4Ti5O12 spinel displays non-selective intercalation 
properties in respect of Li+ and Mg2+ ions [20]: a flat voltage plateau of 1.55 V versus Li/Li+ is a specific feature 
for Li+ intercalation into Li4Ti5O12, while Mg2+ intercalation is accomplished in the range of 1.7-0.7 V versus 
Mg/Mg2+, respectively [20]. The intercalation mechanism is also different [20]. Li4Ti5O12 accommodates Li+ 
ions thanks to the reversible two-phase reaction between spinel and rocksalt structure: Li4Ti5O12 + 3Li+ ↔ 
Li7Ti5O12. The phase transformation and separation is also established during Mg2+ intercalation into Li4Ti5O12, 
the mechanism being more complex following the chemical equation: 2Li4Ti5O12 + 3Mg2+ Li7Ti5O12 + 
Mg4LiTi5O12 Mg2.5LiTi5O12 ↔ Mg4LiTi5O12 [20]. Taking into account the above findings, in this study we 
demonstrate that monoclinic Li2TiO3 is also able to intercalate Li+ and Mg2+ ions. This is a consequence of both 
the structure and morphology of Li2TiO3 (Fig. 5). Li2TiO3 adopts a monoclinic structure in accordance with 
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previously reported data [21]. The morphology consists of micrometric aggregates (3 – 30 µm), which are 
composed of closely bounded primary particles (Fig. 5).       

  
Fig. 5. XRD pattern (left) and SEM image (right) of hydrothermally prepared Li2TiO3. The asterisks indicate the 

impurity of Li2CO3. 
 
 Figure 6 compares the charge/discharge curves of monoclinic Li2TiO3 and spinel Li4Ti5O12 cycled in 
half-ion cells versus metallic lithium in lithium and magnesium electrolytes. As one can expect, in lithium 
electrolyte Li4Ti5O12 spinel intercalates Li+ at 1.57/1.54 V by delivering a reversible capacity of 150 mAh/g. 
When lithium electrolyte is replaced by magnesium one, the reversible capacity remains intact. However, the 
potential of Li+ intercalation undergoes some changes during cycling: the oxidation and reduction voltage tend 
one to another and after 5 cycles they reaches 1.60 V and 1.50 V, respectively. Contrary to Li4Ti5O12 spinel, the 
electrochemical performance of monoclinic Li2TiO3 displays a strong dependence on the electrolyte 
composition. In lithium electrolyte, the charge/discharge curves are smooth and the reversible capacity is 
extremely low (around 18 mAh/g). This reveals that monoclinic Li2TiO3 is non-active in comparison with 
Li4Ti5O12. The lack of the electrochemically activity for monoclinic Li2TiO3 has already been reported [22,23]. 
When lithium electrolyte is replaced with magnesium one, a drastic improvement in the electrochemical activity 
of monoclinic Li2TiO3 becomes visible: the reversible capacity is about 30-35 mAh/g and charge/discharge 
curves display small plateau, which is well distinguished after 20 cycles (i.e. the oxidation and reduction 
potentials are 1.60 and 1.48 V, respectively). It is important that this plateau brings a resemblance with that 
observed in lithium electrolyte. The enhancement of the reversible capacity in magnesium electrolyte suggests 
that monoclinic Li2TiO3 is able to co-intercalate Mg2+ and Li+ ions. This is the first electrochemical evidence for 
Mg2+-induced improvement of the Li+ intercalation, which on its turns allows to convert the inactive Li2TiO3 
phase into active intercalation matrices.     
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Fig. 6. Charge/discharge curves for monoclinic Li2TiO3 (left) and Li4Ti5O12 spinel (right) cycled in lithium and 

magnesium electrolytes. The number of cycles is indicated below each curve. 
 Conclusions 
 The magnesium-manganese formate precursors yield, at 350 oC and short heating time, an inverse 
MgMn2O4 spinel having well crystallize particles with sizes between 10 and 35 nm. By increasing the annealing 
temperature, there is a transformation from inverse to a normal spinel configuration MgMn2O4, the particle size 
distribution becomes more narrow. The specific cationic distribution and the nanometric particles contribute to 
the capability of MgMn2O4 to intercalate reversibly both Li+ and Mg2+ ions. In lithium electrolyte, the normal 
spinel MgMn2O4 intercalates at two plateaus Li+ preferentially leading to a formation of nanodomains with 
Li2Mn2O4-like phase. Contrary to normal spinel, the inverse spinel MgMn2O4 displays a co-intercalation of Li+ 
and Mg2+ ions, as a result of which nanodomains with mixed MgxLi2-xMn2O4 composition and with a lower 
tetragonal distortion are developed. This contributes to the enhancement of the reversible capacity delivered by 
the inverse spinel MgMn2O4 in comparison with that for the normal spinel configuration: 90-100 mAh/g versus 
50-60 mAh/g, respectively. In magnesium electrolyte, the Mg2+-intercalation prevails over Li+ ones and the 
resulting reversible capacity for inverse spinel decreases.  
 The co-intercalation of Li+ and Mg2+ ions is also takes place at monoclinic Li2TiO3, which is a driving 
force to transform non-active intercalataion oxide into suitable structural matrix. As far as we known, this is a 
first experimental evidence for electrochemical activity of monoclinic Li2TiO3 in rechargeable batteries. 
 In general, the high-efficient energy storage into nanometric spinel MgMn2O4 and monoclinic Li2TiO3 is 
achieved due to their co-intercalation properties. The proposed approach for improvement of the kinetic of Mg2+ 
intercalation can be extended towards other combination of intercalating ions such as two monovalent alkaline 
ions or mono- and bivalent ions with different ionic radii. The results of this study are of significance in order to 
introduce cheaper and safety post-lithium ion batteries. 
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