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Supplementary Fig. 1 | AFM images of the PS-D gel (a) and PS-E gel (b).
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Supplementary Fig. 2 | 2D SAXS patterns of the PS-D gel (a) and PS-E gel (b).
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[bookmark: _Hlk228115680]Supplementary Fig. 3 | 2D SAXS patterns of PS-DE gels at different pre-stretching levels. 2D SAXS patterns of PS-DE gels with pre-stretching levels of 50%, 100%, 150%, and 200%,
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Supplementary Fig. 4 | 2D WAXS patterns of PS-DE gels at different pre-stretching levels. 2D WAXS patterns of PS-DE gels with pre-stretching levels of 50%, 100%, 150%, and 200%, revealing the evolution of crystalline orientation with increasing pre-stretching.
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Supplementary Fig. 5 | Azimuthal intensity distributions of PS-DE gels at different pre-stretching levels. Azimuthal intensity distributions of PS-DE gels with pre-stretching levels of 50%, 100%, 150%, and 200%.
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Supplementary Fig. 6 | Fracture toughness of the organic gel. a, Schematic illustration of the energy dissipation mechanism at the crack tip. b, Tensile stress-strain curves of notched and unnotched samples.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk227701042]Supplementary Fig. 7. | Post-impact morphologies of the gels. Physical morphologies of P-DE (a), PS-D (b), PS-E (c), and PS-DE (d) gels after ballistic penetration.
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Supplementary Fig. 8 | FEA simulation of ballistic impact. The internal stress distribution of the PS-D gel during projectile penetration.
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Supplementary Fig. 9 | FEA simulation of ballistic impact. The internal stress distribution of the PS-E gel during projectile penetration.
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[bookmark: _Hlk226624868]Supplementary Fig. 10 | FEA simulation of ballistic impact. Internal stress distribution of the PS-DE gel during the projectile rebound phase.
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Supplementary Fig. 11 | Low-temperature flexibility of the PS-DE gel. Photographs demonstrating the bending and release process at -50 °C.
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[bookmark: _Hlk201157078]Supplementary Fig. 12. | Schematic of the repairability mechanism.




Supplementary Table 1. Comparison of the toughness, tensile strength, and modulus of PS-DE gel with other reported gels.
	Material
	Toughness (MJ/m3)
	Strength (MPa)
	Ref
	Journal name

	P-gel
	125.6
	129.3
	This work
	\

	FC-EtFe
	58.9
	8.5
	[1]
	Science Advances

	highly entangled hydrogel
	19.8
	10.2
	[2]
	Science

	SR-0.38
	0.6
	0.4
	[3]
	Science

	CR-4
	22.0
	5.5
	[4]
	Nature Materials

	p-Pep/Cu2+
	87.7
	1.1
	[5]
	Nature Communications

	AFH
	37
	7
	[6]
	Nature Communications

	CSNF-TA-PVA
	122.4
	60.2
	[7]
	Nature Communications

	AV20SH-120
	106
	61
	[8]
	Nature Communications

	
PVA-NC

	135
	61
	[9]
	Nature Communications

	RHOCF
	76.85
	7.93
	[10]
	Nature Communications

	SM-PVA
	120.98
	25.79
	[11]
	Nature Communications

	sBIN
	8.9
	15.3
	[12]
	Nature Materials
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