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Fig. 1 (a) Preparation of F-ionogel; (b) Schematic illustration of Li* conduction and self-healing of the designed F-ionogel.
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Fig. 2 (a) '"H-NMR spectrum of P(TFMA-VI); (b) Molecular weight distributions of P(TFMA-VI) and PIMMA-VI); (¢) *C-NMR
spectra of P(TFMA-VI) and P(TFMA-VI)/Zn(TFSI),; (d) FTIR spectra of P(TFMA-VI), F-ionogel, PTFMA and VI, (e) ESP
distributions of TFMA-Emim* and MMA-Emim*; (f) The binding energys of Zn?* for TFSI- and VI; XPS N1ls spectra of
(g) P(TFMA-VI) and (h) P(TFMA-VI)/Zn(TFSI),; (i) XPS F1s spectra of P(TFMA-VI)/Zn(TFSI), and F-ionogel.
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Fig. 3 (a) SEM image of M-ionogel (optical image displayed in the inset); EDS mapping of (b) N element and (c) Zn element

of M-ionogel; (d) SEM images of F-ionogel (optical image displayed in the inset) and EDS mapping of (¢) N element and (f)

Zn element of F-ionogel.
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Table 1 EDS quantitative element analysis of F-ionogel and

M-ionogel.
Element content (wt%)
Ionogels
C N o F S Zn
F-ionogel 29.84 11.50 17.62 27.92 12.11 1.00
M-ionogel 35.08 12.36 11.00 14.46 25.64 1.46
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Fig. 4 TGA thermograms and DTG of (a) F-ionogel and (b) M-ionogel; (¢) DSC thermograms of P(TFMA-VI), P(MMA-VI),
F-ionogel and M-ionogel; (d) Storage moduli and loss factors of F-ionogel and M-ionogel; (e) Stress relaxation curves of F-
ionogel at different temperatures; (f) XRD patterns of F-ionogel and M-ionogel.
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Fig. 5 (a) Optical images showing the self-healing of F-ionogel cut into two pieces and contacted. The healed ionogel could be

dragged without breaking after 1 h contacting; (b) SEM image of the healed ionogel. Stress-strain curves of F-ionogel (c) and

M-ionogel (d) before and after self-healing.
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Fig. 6 The current-time curves of (a) Li/F-ionogel/Li and (b) Li/M-iomogel/Li (the battery EIS before and after polarization

are displayed in the inset); (c) EIS of SS/electrolyte/SS batteries at room temperature; (d, ¢) Raman spectra of neat IL, ILE, M-

ionogel and F-ionogel at different Raman shift regions.
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Fig. 7 (a) LSV curves of F-ionogel and M-ionogel; (b) Rate capacities of Li/LFP cell with F-ionogel and M-ionogel; (c) Cycling
performance of Li/F-ionogel/LFP and Li/M-ionogel/LFP batteries at 0.5 C under 28 °C.

Table 2 Comparison in performances of various ionogels reported in the literatures.

i ) o Tensile strength Self-healing )
Self-healing mechanisms Iy . Cycling performance Ref.
(mS/cm) (kPa) efficiency
Metal-ligand/ion-dipole 036  0.46 80 94 % (1 h, RT) 80.0% after 500 cycles This work
Multiple hydrogen bonds 1.0 0.26 10 70.5 % (1 h, 55 °C) 99.7% after 120 cycles [9]
Ion-dipole 0.132  0.61 750 73 % (20 min, RT) 86.0% after 160 cycles [10]
Ion cross-linking/covalent
o 1.79  0.50 110 Not healable 97.0% after 50 cycles [11]
cross-linking
Ion-Dipole 037 0.57 5100 80 % (1 h, RT) 97.1% after 250 cycles [19]
Ion-Dipole 0.34 046 - Healable (RT) 92.0% after 300 cycles [34]
Zwitterionic dipole-dipole ~ 0.48  0.51 230 Healable (50 °C)  About 30.0% after 100 cycles [35]
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Research Article

Ionogel with Synergistic Dual Dynamic Bonds for High Self-healing and

Ionic Conductivity

Feng Liao!, Yi-jun Li?, Jin-tian Wu'", Jian-jun Ma'*, Ning Chen?"
(!School of Materials Science and Engineering, Sichuan University of Science & Engineering, Zigong 643000)
(°State Key Laboratory of Polymer Materials, Engineering, Polymer Research Institute of Sichuan University,
Chengdu 610065)

Abstract Ionogels, known for their high safety and wide electrochemical windows, show great potential in

energy storage. However, existing ionogels often struggle to balance high strength with dynamic properties,

making it difficult to achieve an optimal combination of mechanical performance, self-healing capability, and

ionic conductivity. To address this challenge, this study presents a novel ionogel electrolyte that integrates good

* Corresponding authors: Jin-tian Wu, E-mail: wjt@suse.edu.cn

Jian-jun Ma, E-mail: jjma@suse.edu.cn

Ning Chen, E-mail: ningchen@scu.edu.cn



926 P M S-S 3 2026 4F

flexibility, high mechanical strength, a wide electrochemical window, and rapid self-healing functionality. The
self-healing system of the electrolyte is constructed through a dual dynamic crosslinking mechanism: on one
hand, imidazole-zinc (Im-Z) metal coordination is introduced to form a dynamic high-strength crosslinked
network; on the other hand, ion-dipole (Ion-D) interactions between the ionic liquid (IL) and —CF; groups on the
polymer chains are utilized to regulate chain segment mobility, thereby optimizing ion transport performance.
Owing to this structure, the ionogel achieved a high self-healing efficiency of 94% and a tensile strength of
80 kPa. Moreover, the material exhibits a high ionic conductivity of 0.36 mS/cm, lithium-ion transference number
of 0.46, and wide electrochemical window of 4.32 'V, all of which contribute to the comprehensive improvements
in the performance of solid-state lithium batteries. A Li/LiFePO, full cell assembled with this ionogel maintained
a capacity retention rate as high as 80 % after 500 cycles at 0.5 C. This study elucidates the regulatory mechanism
of supramolecular structural design on ion transport behavior and chain segment dynamics in ionogels, providing

a theoretical basis for developing high-performance energy storage materials.
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