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An Electrolyte for Magnesium Ion Batteries 
 

Cross-Reference to Related Applications 
 

This application claims the benefit of priority of Singapore patent application No. 5 

10201911676S, filed on 4 December 2019, its contents being hereby incorporated by reference 

in its entirety. 

 

Technical Field 
 10 

The present disclosure relates to an electrolyte system, in particular, to an electrolyte for use in 

magnesium ion batteries.  

 

Background Art 
 15 

The rapid development of electrical and electronic devices in recent years has renewed interest 

in the development of energy storage such as rechargeable batteries. Currently, lithium is relied 

upon heavily as an energy source for such electronic devices. However, there is concern that 

increasing demands for such lithium-ion batteries may further deplete the limited supply of 

lithium in the Earth’s crust.  20 

 

Various technologies have been researched and developed as alternatives to lithium ion 

batteries in recent years. Magnesium ion batteries have shown great potential as an alternative 

energy source due to its high natural abundance, high volumetric capacity, low reduction 

potential, and low cost. However, the development of such batteries has been hampered by 25 

poor performance of current electrolyte systems. Due to the reactivity of magnesium-based 

electrodes, organic solvents are typically employed in electrolyte systems for magnesium ion 

batteries. While several magnesium salts have demonstrated good solubility in such organic 

solvents, electrolytes comprising these magnesium salts alone often result in poor Coulombic 

efficiency and poor reversibility of magnesium deposition. As such, the performance of 30 

magnesium-ion batteries has been regarded to be poorer than the current lithium-ion batteries. 

 

Magnesium trifluoromethanesulfonate (Mg(OTf)2) is a promising salt for Mg electrolyte. 

However, Mg(OTf)2-based electrolyte has been rarely reported due to low solubility of 

Mg(OTf)2 in ether solvents. Enhancing solubility of Mg(OTf)2 in ether solvent is essential 35 

to obtain a high performance electrolyte system for Mg-ion batteries.  

 

Accordingly, there is a need to provide an improvement for magnesium-ion batteries which are 

able to overcome or at least ameliorate the disadvantages discussed above. In particular, it is 

an object to provide an electrolyte system for magnesium ion batteries which allows efficient 40 

plating and stripping of magnesium and demonstrates improved Coulombic efficiency.  

 

Summary 
 

There is provided a liquid electrolyte composition comprising: 45 

 i) a magnesium salt comprising a trifluoromethane sulfonate anion; 

ii) an additive selected from an organic halide salt, an inorganic halide salt or a mixture 

thereof; and  
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iii) a solvent comprising one or more ethers, 

wherein the organic halide salt comprises a halide anion and a cation selected from an 

optionally substituted quaternary ammonium or a three to nine membered N-heterocyclic 

cation, and the cation comprises at least one protonated nitrogen capable of dissociating the 

trifluoromethane sulfonate anion from the magnesium salt, and  5 

wherein the total concentration of cations of the inorganic halide salt and magnesium 

ions of the magnesium salt divided by the concentration of anions of the inorganic halide salt 

is greater than 1 in the electrolyte composition. 

 

In one aspect, there is provided a liquid electrolyte composition consisting essentially of: 10 

 i) a magnesium salt comprising a trifluoromethane sulfonate anion; 

ii) an additive comprising an organic halide salt, an inorganic halide salt or a mixture 

thereof; and  

iii) a solvent comprising one or more ethers, 

wherein the organic halide salt comprises a halide anion and a cation selected from an 15 

optionally substituted quaternary ammonium or a three to nine membered N-heterocyclic 

cation, and the cation comprises at least one protonated nitrogen capable of dissociating the 

trifluoromethane sulfonate anion from the magnesium salt, and 

wherein the cation of the inorganic halide salt is a lithium ion, a sodium ion, a cesium 

ion, a magnesium ion, or a barium ion and the total concentration of the cation and magnesium 20 

ions of the magnesium salt divided by the concentration of anions of the inorganic halide salt 

is greater than 1 in the electrolyte composition. 

 

The presence of the additive may advantageously facilitate the dissociation of magnesium 

trifluoromethane sulfonate (Mg(OTf)2), thereby improving its solubility in an ether solvent. 25 

The improvement in solubility may advantageously lead to superior Coulombic efficiency (e.g. 

greater than 99%), and areal capacity (e.g. larger than 5 mAh/cm2).  

 

In another aspect, there is provided a liquid electrolyte composition consisting essentially of: 

 i) a magnesium trifluoromethanesulfonate; 30 

ii) 1-ethyl-3-methylimidazolium chloride, tetrabutylammonium chloride, or a mixture 

thereof; and  

iii) a solvent comprising 1,2-dimethoxyethane. 

 

In another aspect, there is provided a liquid electrolyte composition consisting essentially of: 35 

 i) magnesium trifluoromethanesulfonate; 

ii) magnesium chloride; and 

iii) a solvent comprising 1,2-dimethoxyethane, 

wherein the magnesium ions and the halide ions are present in the electrolyte 

composition in a [Mg2+]:[Cl-] ratio of from >1:1 to about 5:1. 40 

 

Alternatively, in the above liquid electrolyte composition, the total concentration of the 

magnesium ions in the magnesium trifluoromethanesulfonate and magnesium chloride divided 

by the concentration of the chloride ions of the magnesium chloride is greater than 1. 

 45 
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In another aspect, there is provided an electrochemical cell comprising: 

a) a positive electrode; 

b) a magnesium negative electrode; and 

c) the electrolyte composition as defined herein;  

wherein the positive electrode and the magnesium negative electrode are in fluid 5 

communication with the electrolyte. 

 

Definitions 
 

The term “stable”, “stability” and grammatical variants thereof, in the context of this 10 

specification, refers to an electrode that can be operated with no sign of short circuiting and/or 

without experiencing sudden fluctuations in voltage or current or capacity.  

 

The term “homogenous” as used herein refers to substances which comprise components or 

elements which are the same. The term also refers to mixtures which contain a uniform 15 

distribution of components throughout. Homogenous mixtures may have the same composition 

of components or elements throughout. As described herein, homogenous mixtures may 
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Claims 
 

1. A liquid electrolyte composition consisting essentially of: 

 i) a magnesium salt comprising a trifluoromethane sulfonate anion; 

ii) an additive comprising an organic halide salt, an inorganic halide salt or a mixture 5 

thereof; and  

iii) a solvent comprising one or more ethers, 

wherein the organic halide salt comprises a halide anion and a cation selected from an 

optionally substituted quaternary ammonium or a three to nine membered N-heterocyclic 

cation, and the cation comprises at least one protonated nitrogen capable of dissociating the 10 

trifluoromethane sulfonate anion from the magnesium salt, and 

wherein the cation of the inorganic halide salt is a lithium ion, a sodium ion, a cesium 

ion, a magnesium ion, or a barium ion and the total concentration of the cation and magnesium 

ions of the magnesium salt divided by the concentration of anions of the inorganic halide salt 

is greater than 1 in the electrolyte composition.  15 

 

2. The electrolyte composition of claim 1, wherein the additive is the organic halide salt. 

 

3. The electrolyte composition of claim 1 or 2, wherein the concentration of the magnesium 

salt is from 0.01 M to 2.5 M.  20 

 

4. The electrolyte composition of any one of the preceding claims, wherein the molar ratio of 

the magnesium salt to the organic halide salt is from 10:1 to 1:10.  

 

5. The electrolyte composition of any one of the preceding claims, wherein the molar ratio of 25 

the magnesium salt to the organic halide salt is 1:0.3 to 1:1.2. 

 

6. The electrolyte composition of any one of the preceding claims, wherein the N-heterocyclic 

cation is selected from the group consisting of: an optionally substituted three-membered 

heterocyclic structure, an optionally substituted four-membered heterocyclic structure, an 30 

optionally substituted five-membered heterocyclic structure, an optionally substituted six-

membered heterocyclic structure, an optionally substituted seven-membered heterocyclic 

structure, an optionally substituted eight-membered heterocyclic structure, and an optionally 

substituted nine-membered heterocyclic structure. 

 35 

7. The electrolyte composition of claim 6, wherein the heterocyclic structure comprises 1, 2, 3, 

4, 5, 6, 7, 8, or 9 heteroatoms. 

 

8. The electrolyte composition of claim 7, wherein the heteroatoms are independently selected 

from the group consisting of nitrogen, oxygen, and sulfur. 40 

 

9. The electrolyte composition of any one of the preceding claims, wherein the organic halide 

salt is selected from the group consisting of fluoride, chloride, bromide and iodide. 

 

10. The electrolyte composition of any one of the preceding claims, comprising a mixture of at 45 

least two or more of said organic halide salts, said organic halide salts being distinct from each 

other.  
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11. The electrolyte composition of any one of the preceding claims, wherein the organic halide 

salt is 1-ethyl-3-methylimidazolium chloride. 

 

12. The electrolyte composition of any one of claims 1 to 10, wherein the organic halide salt 

comprises a quaternary ammonium cation, said cation comprising a structure of N+R1R2R3R4, 5 

wherein each of R1, R2, R3, and R4 may be the same or different and wherein each of R1, R2, R3, 

and R4 is independently an optionally substituted alkyl group.  

 

13. The electrolyte composition of claim 12, wherein the organic halide salt is 

tetrabutylammonium chloride.  10 

 

14. The electrolyte composition of any one of the preceding claims, wherein the concentration 

of the organic halide salt is from 0.01 M to 10 M. 

 

15. The electrolyte composition of any one of claims 1 and 3 to 14, wherein the additive is the 15 

inorganic halide salt. 

 

16. The electrolyte composition of any one of claims 1 and 3 to 15, wherein the inorganic halide 

salt is a fluoride salt, a chloride salt, a bromide salt or an iodide salt.  

 20 

17. The electrolyte composition of any one of claims 1 and 3 to 16, wherein the inorganic halide 

salt is selected from the group consisting of lithium chloride (LiCl), sodium chloride (NaCl), 

cesium chloride (CsCl), magnesium chloride (MgCl2) and barium chloride (BaCl2). 

 

18. The electrolyte composition of any one of claims 1 and 3 to 17, wherein the inorganic halide 25 

salt is magnesium chloride (MgCl2).  

 

19.  The electrolyte composition of any one of claims 1 and 3 to 18, wherein the total 

concentration of the cations of the inorganic halide salt and magnesium ions of the magnesium 

salt divided by the concentration of anions of the inorganic halide salt in the electrolyte 30 

composition is in the range of greater than 1 to 5. 

 

20. The electrolyte composition of any one of claims 1 and 3 to 19, wherein the concentration 

of the inorganic halide salt is from about 0.01 M to 10 M. 

 35 

21. The electrolyte composition of any one of claims 1 and 3 to 20, where the concentration of 

the inorganic halide salt is about 0.2 M. 

 

22. The electrolyte composition of any one of claims 1 and 3 to 21, wherein the concentration 

of the magnesium trifluoromethanesulfonate is from 0.01 M to 1.5 M. 40 

 

23. A liquid electrolyte composition consisting essentially of: 

 i) a magnesium trifluoromethanesulfonate; 

ii) 1-ethyl-3-methylimidazolium chloride, tetrabutylammonium chloride, or a mixture 

thereof; and  45 

iii) a solvent comprising 1,2-dimethoxyethane. 

 

24. The electrolyte composition of claim 23, wherein the concentration of the magnesium 

trifluoromethanesulfonate salt is 2.5 M. 
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25. A liquid electrolyte composition consisting essentially of: 

 i) magnesium trifluoromethanesulfonate; 

ii) magnesium chloride; and  

iii) a solvent comprising 1,2-dimethoxyethane, 5 

wherein the magnesium ions and the halide ions are present in the electrolyte 

composition in a [Mg2+]:[Cl-] ratio of from >1:1 to about 5:1. 

 

26. The electrolyte composition of claim 25, wherein the concentration of the magnesium 

trifluoromethanesulfonate salt is 1.5 M. 10 

 

27. The electrolyte composition of any one of the preceding claims, wherein the solvent does 

not comprise water.  

 

28. An electrochemical cell comprising: 15 

a) a positive electrode; 

b) a magnesium negative electrode; and 

c) the electrolyte composition of any one of claims 1 to 27,  

wherein the positive electrode and the magnesium negative electrode are in fluid 

communication with the electrolyte.20 
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