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Abstract Nonaqueous magnesium secondary batteries have attracted tremendous attention owing to their natural abun-
dance, low cost, high theoretical volumetric specific capacities of 3833 mAh/cm?, and free of dendrite formation. However,
the high polarity of Mg?" ion results in the strong electrostatic interaction between Mg?" ions and the anions of cathode mate-
rials, which makes it difficult to realize reversible insertion and de-insertion of Mg?" ion in most cathode materials used in
lithium ion batteries. At present, the research of cathode materials for magnesium secondary batteries is mainly focused on
inorganic compounds. Unfortunately, such cathode materials suffer from problems of working at low current density, slow
reaction kinetics, and complicated synthesis process. In comparison, organic electrode materials have been recognized as
promising electrode materials for electrochemical energy storage systems because organic materials composed of naturally
abundant chemical elements of C, H, O, N, S, etc., can be easily synthesized from renewable resources with low-cost at mild
conditions. More importantly, organic materials with chemical diversity and structural flexibility can be purposefully synthe-
sized. What’s more, the capacity, oxidation/reduction potentials, solubility, electron transfer rates, and mechanical properties
can be regulated by introducing various groups or heteroatoms. Furthermore, compared to inorganic electrode materials with
sluggish kinetics, organic electrode materials usually store ions through ion coordination mechanism, which is not limited by
the type and size of ions and can be applied to different energy storage systems such as lithium ion batteries, sodium ion bat-
teries, potassium ion batteries, multivalent-ion batteries, and supercapacitors. Herein, the recent progress of various organic-
based materials for nonaqueous magnesium secondary batteries is summarized and the general redox mechanism is presented.
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Finally, the problems and challenges, resolution strategies and future development directions of organic electrode materials

are briefly summarized and discussed.

Keywords magnesium secondary battery; theoretical volumetric specific capacity; cathode material; organic electrode ma-

terial; redox mechanism
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Figure 1 The redox reaction mechanism of three types of organic elec-
trode materials: (a) p-type, (b) n-type, (c) bipolar. M™ and A~ stand for
cations and anions, respectively
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(a) The structures of DMcT, PDTDA and CSM, the cycling performance of (b) DMcT-PAn in the electrolyte of 0.25 mol/L

Mg(AICL,BuEt),/THF, (¢) PDTDA in the electrolyte of 0.25 mol/L MgAICl;Bu,/THF, and (d) CSM-PAn in the electrolyte of 0.25 mol/L
Mg(AICL,BuEt),/THF at a current density of 25 mA/g. Reproduced with permission*”). Copyright © 2007 Elsevier
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Figure 3 (a) The structure of PTMA, (b) the galvanostatic charge/discharge profiles, and (c) cycling performance of PTMA/GO at a current density of
22.8 mA/g in the electrolyte of 0.25 mol/L Mg(AIC1,EtBu),/THF. Reproduced with permission’*®!. Copyright © 2013 Chinese Chemical Society. (d) The
schematic diagram of PTMA/Mg cell and (e) charge and discharge profiles of PTMA/Mg cell. Reproduced with permission®!\. Copyright 2014, American
Chemical Society
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Figure 4 (a) The structures of PAQS, 14PAQ and 26PAQ, the cycling performance of (b) 26PAQ and (c) 14PAQ at 0.5 C. Reproduced with permis-
siont*’). Copyright 2016, Wiley-VCH Verlag GmbH & Co. KGaA. (d) The charge/discharge profiles of 14PAQ in the electrolyte of Mg(TFSI),-2MgCl,.
Reproduced with permission*!!. Copyright 2019, Elsevier. (¢) The synthetic process of PHBQS and (f) the cycling performance of PHBQS at 50 mA/g.
Reproduced with permission'*?. Copyright 2016, Elsevier. (g) The magnesium storage mechanism of PTO, (h) illustration of PTO/Mg battery, (i) rate
performance of PTO, and (j) cycling performance of PTO at 5 C. Reproduced with permission!**. Copyright 2020, Springer Nature
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