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Abstract: Electrolytes, as the primary medium for ion transport in carbon-based
supercapacitors (SCs), govern key performance metrics such as capacitance, rate capability,
cycling stability, and safety. Although traditional organic monocation electrolytes have seen
steady improvements in potential window, ionic conductivity, and wide-temperature operability,
the demand for next-generation electrolytes in the intelligent era is growing increasingly
urgent. Organic bication electrolytes, owing to their distinctive structural advantages, show
strong potential to outperform conventional systems. This review systematically surveys
organic mixed bication systems (comprising combinations among organic cations and
between organic and metal cations) and non-mixed bication systems (e. g., piperazine-,
imidazole-, and pyrrole-based) from the perspectives of composition and structural features,
with emphasis on their advantages in potential window, specific capacitance, and operating
temperature range, as well as the underlying mechanisms. We conclude by identifying current
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research gaps and outlining future directions. Overall, this review offers guidance for the
rational design of non-mixed organic bication electrolytes and deepens understanding of key
properties and mechanisms governing potential window and ion transport.
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Fig. 1 Overview of the organic cation structures,
systems, and categories of carbon-based SCs
electrolytes discussed in this review
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Fig. 2 (a) Structure formula of organic cations; (b) Working voltage, conductivity, and viscosity of different
electrolyte systems
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Table 1 Voltage and operating temperature of
various carbon based SCs electrolyte systems
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Table 2 Voltage and cycle life of various carbon
based SCs electrolyte systems
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Table 3 Performance of various carbon-based SCs electrolyte systems!**"
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Fig. 3 (a)—(c) Chemical structures for PVDF-HFP, PVA/PAM, and PVA-PVAc; (d) Energy density. specific
capacitance and capacity retention of the three systems in PVDF-HFP
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Fig. 4 Adsorption at the interface of mixed and non-
mixed cations of SCs
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Fig. 5 (a) Chemical structure of DMDABCO*. TEMA*. y-BL; (b) Chemical structure of TMP*, PC; (d) The
relationship between CE and ESR with cycle number for SCs using 0.4 mol/L [DMDABCO][BF,],-y-BL solution as
electrolyte; (e) Cycling performance of SCs using [TMP][BF,], electrolyte solutions Mi-C/Mi-C
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Table 4 Performance comparison of various electrolytes systems in carbon-based SCs™

HLfE R RIPC i 5:26/(mS/cm) EERETAYS Lerb2¥/(F/g) TRt R FE R (%) e /(Whikg) D325 E/(W/kg)
[EMIM][BF,] 18.3 2.8 26.0 10000 30.19 699.83
C,di[MIM]-di[BF ] 13.2 3.0 — 10000 33.25 743.48
C,di[MIM]-di[BF ] 15.4 3.2 26.4 20000 (85) 40.19 799.8
C,di[MIM]-di[BF ] 15.2 3.2 — 10000 37.70 799.29
C, di[MIM]-di[BF ] 14.1 >3.3 — 10000 36.78 800.5
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C,di[MIM]-di[TFSI] 13.5 3.0 — 10000 (>80) 34.00 749.54
C,di[MIM]-di[TFSI] 14.7 3.1 — 5000 36.82 774.7
C,di[MIM]-di[TFSI] 14.3 3.1 — 5000 32.55 775.00
C, di[MIM]-di[TFSI] 1.3 >3.1 — 5000 34.52 847.11
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