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Abstract: Aqueous supercapacitors have attracted considerable attention as promising next-
generation energy storage devices owing to their intrinsic advantages such as high power
density, low cost, safety, and environmental friendliness. However, their practical energy
density remains limited by the narrow electrochemical stability window of conventional
aqueous electrolytes, which is constrained by the thermodynamic decomposition voltage of
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water (about 1.23 V). The introduction of water-in-salt electrolytes significantly broadens the
electrochemical stability window (up to about 3 V), thereby increasing the operating voltages
of the devices and expanding the stable potential range of electrode materials, which
synergistically enhances their specific capacitance. Moreover, the wide potential window
broadens the selection of cathode and anode materials and enlarges their potential-matching
range, enabling high-potential pseudocapacitive materials and hybrid capacitors to function
stably in aqueous environments. In addition, the electrolytes can regulate the solvation
structure and interfacial chemical environment, facilitating the formation of a stable interphase
and ensuring reliable device operation under high-voltage conditions. Building on this,
emerging derivative systems, including multisolute, hybrid-solvent, and gel-based water-in-salt
electrolytes, retain the advantage of a wide electrochemical window and offer reduced
viscosity, enhanced ionic conductivity, improved low-temperature performance, and added
flexibility along with wide temperature adaptability. These features further expand the
application potential of aqueous supercapacitors in flexible electronics and microscale energy
storage. This review summarizes the fundamental concepts and working mechanisms of
water-in-salt electrolytes, the origin of their wide electrochemical stability window,
representative systems, current challenges, and optimization strategies. Particular emphasis
is placed on the application progress of their derivative systems in supercapacitors. Finally,
future directions for water-in-salt electrolytes are discussed, with the aim of providing a
theoretical basis and research perspective for the development of next-generation aqueous
supercapacitors that combine high operating voltage, excellent rate capability, high energy
density, and strong environmental adaptability.
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Fig. 1

(a) lllustration of the evolution of the Li* primary solvation sheath in diluted and water-in-salt

solutions*?”; (b) SEI formation mechanisms in water-in-salt electrolyte””; (c) In the water-in-salt electrolytes,
the redox level ordering between anions and H,0O is reversed®”; (d) Schematic atomistic EDL structure in highly
concentrated aqueous electrolyte®™
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Ultra-Stable Aqueous
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Fig.2 (a) Specific capacitances of supercapacitors assembled with different electrolytes at various current
densities™; (b) Cyclic voltammetry curves collected in 1 m and 13 m LiAc at 10 mV/s"?; (c) Electrochemical
performance evaluation of aqueous lithium-ion capacitors“?; (d) The correlation between microscopic solvation
environments and macroscopic electrochemical properties™”; (e) Schematic illustration of the open circuit
potential difference measurement method™; (f) Ragone plots (specific power vs. specific energy) of the
supercapacitor over a wide temperature range, along with a photograph of the device"”; (g) Schematic diagram
of the dual redox-active water-in-salt electrolyte supercapacitor and its galvanostatic discharge curves™”
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Fig. 3 (a) Schematic diagram of the assembled supercapacitor device and digital photograph of the powered
timer™®; (b) Schematic diagram of the Ti,C,T -based symmetric supercapacitor structure and its rate
capability™; (c) Voltage profile recorded in a Zn||Zn symmetrical cell at a current density of 0.1 mA/cm**"; (d) *C
NMR spectrum®; (e) Schematic diagram of the asymmetric supercapacitor structure and its electrochemical
performance®; (f) Photograph of the electrolyte®™; (g) Three-dimensional model of the 21 m LiTFSI with LiF®;
(h) Schematic image of water molecules and ions at the positive and negative electrode interfaces™
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Fig. 5 (a) Designing strategy for the self-adhesive and antifreezing hydrogel electrolytes based on the self-
catalytic nano-reinforced system®; (b) Adhesion strength testing of the water-in-salt hydrogel electrolyte on
various substrates across different temperature ranges®; (c) Radar plots of the comprehensive performances
of different electrolytes®™; (d) High-temperature-capable cellulose hydrogel electrolyte™; (e) The Schematic
diagram describing water molecules changes in PAM-HPA polyelectrolyte from room temperature to high
temperature®; (f) Schematic diagram of an MXene-based micro-supercapacitor®; (g) Photograph showing a
single micro-supercapacitor powering a timer continuously and simultaneously lighting up 31 parallel-
connected LEDs™; (h) Schematic diagram of the micro-supercapacitor®; (i) Volumetric capacitance of the
micro-supercapacitor at different current densities at —20°C™*!
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Table 1 Comparison of electrochemical performance of different types of water-in-salt-based electrolytes in

supercapacitors

G H AR BTN R a2t
VeVl /R eE-sY 21 m LiTFSI 0~2.4 7000 (93%) 55.3@2400 [25]
ALk XA s e 17 m NaCIO, 0~2.3 1000 (77%) 56.6@233.4 [41]
PRI 5 17 m NaCIO, 0~2.3 20000 (85%) 23.7@1110 [35]
Nb W O,/ 1 B 13 m LiAc 0~2.2 50000 (#1100%) 41.9@170.6 [42]
BT 7.5m ZnCl, 0~1.8 100000 (95.1%) 217 4 @450 [33]
BEIEPER 7.5m ZnCl, 0~2 50000 (84%) 19, -z @1400 [46)
TR AT IR K 17 m NaCIO,-Cc'+Br 0~2.4 8000 (91%) 91.8@- [47]
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VL T /haEsy 1 m Znl,+15 m ZnCl,+7K§Ei% 0~1.35 5300 (92.1%) 33 mWh/cm*@15 W/cm® [65]
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