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Abstract: Li-O2 batteries have garnered significant attention due to their ultrahigh
theoretical energy density, comparable to that of gasoline. However, despite this
promise, several challenges have hindered the commercial application of Li-O2 \
batteries. These challenges include poor reversibility, unsatisfactory cycling duration, '9"V°"a9e\ ‘%
and high overpotential during battery operation. The key factor behind the poor \

reversibility of current Li-O2 batteries is the occurrence of side reactions between Z'vll.lench
various battery components and discharge products or intermediates. The electrolyte, Solvem‘
an essential component in Li-O2 batteries, plays a crucial role in charge transport and

mass transfer within the battery. Among the available electrolytes used in Li-O2 ¥

batteries, liquid organic electrolytes have been predominantly investigated as potential Additives

options. However, they suffer from insufficient chemical and electrochemical stability,

which contributes to the overall poor reversibility. Substantial progress has been made in understanding the factors that
lead to the degradation of liquid organic electrolytes and in enhancing their stability. However, there is still a need for more
significant improvements to achieve practical performance. This review comprehensively introduces the development of
liquid organic electrolytes for Li-O2 batteries, focusing on solvents, lithium salts, and additives. It outlines the specific
requirements of electrolytes for Li-O2 batteries and highlights the importance of reducing charge overpotentials as a critical
strategy to mitigate both electrochemical and chemical degradation. The review proceeds to detail the composition of liquid
organic electrolytes, beginning with solvents. Carbonates, ethers, amides, and ionic liquids are discussed, along with their
respective advantages, disadvantages, and strategies to overcome limitations. The role of lithium salts is then examined,
with an emphasis on the relationship between the properties of lithium salts, such as donor number and anion polarity, and
electrolyte performance. Some lithium salts are highlighted for their additional functions, such as forming stable solid
electrolyte interfaces (SEl) on the anode side and reducing overpotential during charging. Additives in liquid organic
electrolytes are also discussed. Redox mediators and singlet oxygen quenchers are discussed as representative additives,
showcasing their significance in Li-Oz2 batteries. Redox mediators can influence the reaction mechanism, leading to lower
overpotentials in both discharge and charge processes and increased capacity. Notably, classical redox mediators like Lil
are introduced, and criteria for selecting appropriate redox mediators are outlined. On the other hand, singlet oxygen
quenchers convert aggressive singlet oxygen into harmless triplet oxygen, thereby suppressing unwanted side reactions
in Li-O2 batteries. The mechanism behind singlet oxygen generation is also addressed. In summary, this review aims to
provide a comprehensive overview of the progress in liquid organic electrolytes for Li-O2 batteries. It highlights the need
for better electrolyte design by addressing various aspects such as solvents, lithium salts, and additives. This
comprehensive understanding will guide future research efforts towards developing more stable and efficient electrolytes
for Li-O2 batteries, thereby advancing their practical applicability.
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Fig. 1 Schematic illustration of a Li-Oz battery 5.

Adapted from Ref. 5. Copyright 2020, American Chemical Society.
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Fig. 2 (a) Schematic illustration of the compatibility of COz-captured O~ with ethylene carbonate®'; (b) discharge/charge

curves and (c) cycling profile of Li-O; batteries with 0.1 mol-L™"' LiCl04s-DMSO as the electrolyte and porous gold as the

cathode at a current density of 500 mA-g™! 32; (d) the "H-NMR spectra of side-products deposited on cathodes after
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(f) schematic illustrations of the lithium deposition
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(a) Adapted with permission from Ref. 31. Copyright 2015, SIOC, CAS, Shanghai, & WILEY - VCH GmbH; (b, ¢) Adapted from Ref. 32.
Copyright 2012, The American Association for the Advancement of Science; (d) Adapted with permission from Ref. 45. Copyright 2014, WILEY-VCH
Verlag GmbH & Co. KGaA, Weinheim; (¢) Adapted with permission from Ref. 49. Copyright 2013, American Chemical Society; (f) Adapted with
permission from Ref. 50. Copyright 2020, The Royal Society of Chemistry; (g, h) Adapted from Ref. 19. Copyright 2022, Wiley-VCH GmbH.
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Fig. 3 Schematic illustration of the (a) relationship between the size of discharge product and the ionic association
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strength ! and (b) mechanism that NO3™ promotes both ORR and OER processes %; (c) cyclic voltammetry (scan rate of

5mV-s™') and EQCM (electrochemical quartz crystal microbalance) response of platinum disks deposited on thin quartz
crystals in diglyme 1 mol-L™! LiNO3 (black) and 1 mol-L™! LiTFSI (red) solutions %; (d) photographs of the electric fan
powered by pouch-type Li-air cell with LN before puncture (left), after puncture (middle), and after corner cutting (right) .

(a) Adapted with permission from Ref. 61. Copyright 2016, American Chemical Society; (b, ¢) Adapted from Ref. 64. Copyright 2015,
American Chemical Society; (d) Adapted with permission from Ref. 67. Copyright 2022, Wiley-VCH GmbH.
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Fig. 4 (a) Proposed catalytic mechanism for electrochemical charging of Li-O: cells with TEMPO 8¢;

(b) first cycle with and without 10 mmol-L™! TEMPO using a Ketjenblack cathode and a constant current density of

0.1 mA-cm2; (¢) differential electrochemical mass spectrometry (DEMS) analysis of the evolved gases during the
charge of a Li-O: cell with 10 mmol-L™! TEMPO (j = 0.1 mA-cm); (d) electrochemical profiles of
Li-O: cell with CNT (carbon nanotube) fibril electrode and Lil catalyst 2.
(a, b, ¢) Adapted from Ref. 69. Copyright 2014, American Chemical Society; (d) Adapted with permission from Ref. 72.
Copyright 2014, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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Fig. 5 (a) The reaction of 4-Oxo-TEMP with singlet oxygen forms stable 4-OxoTEMPO radical ?%;
(b) linear sweep voltammetry of DABCO and PeDTFSI at glassy carbon disc electrodes in 0.1 mol-L™!
LiTFSI-TEGDME containing 2 mmol-L™! of the quencher. The scan rate was 50 mV-s! 3;
(c) illustration of the mutual conservation of RM and singlet oxygen quencher in a Li-O: battery system 7;
(d) DMA concentration profiles in charging with SP or RuO: cathode and TPA %,
(a) Adapted with permission from Ref. 22. Copyright 2016, Wiley-VCH Verlag GmbH &Co. KGaA, Weinheim; (b) Adapted from Ref. 88.
Copyright 2019, Wiley-VCH Verlag GmbH &Co. KGaA, Weinheim; (c) Adapted with permission from Ref. 79.
Copyright 2019, American Chemical Society; (d) Adapted with permission from Ref. 90. Copyright 2022, PNAS.
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