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Supplementary Table 1. Summary of ex-situ XPS quantifications of HT150-0PMMA and HT150-5PMMA at the cut-off voltages of 2.8, 4.2 and 10 V during the 1st, 2nd and 3rd CV experiments.
	Specimen
	Cycle Number
/Voltage (V)
	B1s (at %)
	O1s (at %)
	

	
	
	B-O
	Oxide BH4-
	B-H
	(OCH3)xBH4-x
	O-B
	O-Al
	O-C=O
	C-O-CH3
	Transition O
	C=O(Li+•O=C)

	HT150-0PMMA
	1/2.8
	39.63
	38.10
	22.27
	
	71.01
	28.99
	
	
	
	

	
	1/4.2
	36.24
	44.66
	19.10
	
	68.48
	31.52
	
	
	
	

	
	1/10
	33.86
	49.70
	16.44
	
	71.98
	28.02
	
	
	
	

	
	2/2.8
	48.30
	36.72
	14.97
	
	72.03
	27.97
	
	
	
	

	
	2/4.2
	46.48
	39.85
	13.67
	
	72.85
	27.15
	
	
	
	

	
	2/10
	43.24
	44.77
	11.99
	
	72.91
	29.09
	
	
	
	

	
	3/2.8
	49.06
	34.62
	16.32
	
	71.64
	28.36
	
	
	
	

	
	3/4.2
	41.57
	46.46
	11.97
	
	72.73
	27.27
	
	
	
	

	
	3/10
	44.26
	50.38
	5.36
	
	70.90
	29.10
	
	
	
	

	



HT150-5PMMA




	1/2.8
	64.81
	1.56
	21.19
	12.43
	42.39
	10.77
	23.52
	11.02
	1.17
	11.13

	
	1/4.2
	64.26
	2.28
	19.22
	11.73
	49.19
	8.31
	17.33
	12.42
	2.56
	10.19

	
	1/10
	66.29
	2.52
	18.62
	13.78
	46.33
	7.65
	21.45
	13.13
	1.39
	10.05

	
	2/2.8
	60.50
	5.92
	21.30
	12.28
	42.09
	10.55
	23.55
	11.92
	0.59
	11.30

	
	2/4.2
	60.81
	7.38
	20.57
	11.24
	49.69
	8.01
	17.69
	12.92
	1.58
	10.10

	
	2/10
	60.14
	8.63
	19.93
	11.31
	46.69
	7.15
	21.65
	14.26
	0.80
	9.31

	
	3/2.8
	61.01
	8.16
	20.36
	10.47
	51.43
	9.66
	16.78
	10.69
	0.77
	10.74

	
	3/4.2
	60.00
	8.34
	20.18
	11.49
	50.38
	8.58
	15.41
	12.03
	2.93
	10.66

	
	3/10
	60.28
	8.91
	19.16
	11.65
	47.33
	10.04
	16.59
	12.21
	2.73
	11.21





Supplementary Table 2. Summary of the electrical properties and electrochemical performances of the most-studied SEs.
	Typical SEs
	Li-ion Conductivity
(S cm-1)
	Electronic Conductivity
(S cm-1)
	Voltage Windows
(V)
	CCD
(mA cm-2)
	Cycling performances
	Capacity
(mAh cm-2)
	Temperature
(℃)

	This Work
	5.1×10-4
	3.5×10-10
	-0.2 ~ 10
	21.6 
	10.8 mA cm-2 for 6000 h
	1.0
	30

	
	[bookmark: OLE_LINK183]2.6×10-2
	[bookmark: OLE_LINK189]9.3×10-9
	-0.2 ~ 10
	328.0 
	159.5 mA cm-2 for 6000 h
	[bookmark: OLE_LINK185][bookmark: OLE_LINK186]1.0
	130

	LiBH4-LZO1
	-
	-
	1.7 ~ 2.5 
	13.0
	[bookmark: OLE_LINK190]3.0 mA cm-2 for 120 h
	0.4
	120

	Li4(BH4)3I@SBA-152
	8.6×10-4
	-
	-0.2 ~5.0
	2.6
	0.5 mA cm-2 for 350 h
	[bookmark: OLE_LINK209][bookmark: OLE_LINK210]0.1
	55

	LiBH4-LiF3
	[bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: OLE_LINK208]1.0×10-3
	3.7×10-8
	-0.3 ~ 3.0
	[bookmark: OLE_LINK195][bookmark: OLE_LINK196]6.6
	[bookmark: OLE_LINK201][bookmark: OLE_LINK211]5.0 mA cm-2 for 500 h
	-
	125

	Li2B12H124
	3.1×10-4
	9.0×10-10
	-0.5 ~ 5.0
	3.8
	-
	[bookmark: OLE_LINK212][bookmark: OLE_LINK213]0.5
	75

	(LiBH4)2AB5
	4.9×10−3
	1.1×10-6
	0 ~ 2.0
	3.0
	0.2 mA cm-2 for 40 h
	0.2
	50

	NZSP6
	-
	-
	-
	[bookmark: OLE_LINK204][bookmark: OLE_LINK205]2.5
	0.5 mA cm-2 for 500 h
	0.25
	30

	LPSCl7
	-
	-
	-
	1.0
	1.0 mA cm-2 for 500 h
	1.0
	30

	LLZO1
	1.0×10-3
	-
	-
	2.4
	1.0 mA cm-2 for 300 h
	0.5
	30

	LPSCl8
	-
	-
	-
	10.0
	0.25 mA cm-2 for 1800 h
	0.25
	30

	LGPS9
	-
	-
	0.1 ~ 2.5
	[bookmark: OLE_LINK193][bookmark: OLE_LINK194]11.0
	0.5 mA cm-2 for 3800 h
	0.5
	30

	YSZ@BASE10
	2.7×10-3 
	6.0 10-12
	3.0 ~ 4.5
	7.0
	0.5 mA cm-2 for 330 h
	3.5
	80

	β″-alumina11
	1.6×10-3
	7.0 10-11
	-
	14.0
	-
	0.25
	30





Supplementary Table 3. Summary of XPS quantifications of HT150-0PMMA and HTy-5PMMA (y = 100, 110, 120, 130, 140 and 150) SEs. 
	Specimens
	B1s (at %)
	O1s (at %)
	

	
	B-O
	B-H
	(OCH3)xBH4-x
	O-B
	O-Al
	O-C=O
	C-O-CH3
	Transition O
	C=O(Li+•O=C)

	HT150-0PMMA
	46.27
	53.73
	0
	68.30
	15.00
	6.67
	9.07
	0.86
	0

	HT100-5PMMA
	46.95
	53.05
	2.05
	63.25
	8.00
	17.00
	9.05
	0.65
	0

	HT110-5PMMA
	47.55
	52.45
	3.06
	60.77
	7.88
	16.90
	9.95
	0.22
	1.22

	HT120-5PMMA
	48.85
	51.15
	6.96
	57.20
	7.55
	16.50
	9.05
	0.52
	2.22

	[bookmark: OLE_LINK14]HT130-5PMMA
	48.44
	43.63
	7.93
	52.52
	7.90
	16.69
	8.66
	0.34
	5.96

	HT140-5PMMA
	58.90
	41.10
	10.09
	51.27
	7.79
	15.98
	8.26
	0.55
	6.06

	HT150-5PMMA
	49.15
	39.40
	11.45
	48.23
	7.31
	15.04
	10.24
	0.44
	7.29




[image: ]

[bookmark: OLE_LINK135][bookmark: OLE_LINK136]Supplementary Fig. 1. Structural characterizations of ISMR-modified SEs. a, XRD curves for LiBH4, PMMA, HT150-0PMMA and HT150-5PMMA. SEM images of b, HT150-0PMMA and c, HT150-5PMMA. d, EDS of HT150-5PMMA secondary particle. Cryo-TEM images of e, HT150-0PMMA and f, HT150-5PMMA.



[image: ]


Supplementary Fig. 2. FTIR spectra of LiBH4, LiI, Al2O3, PMMA, HT150-0PMMA, 5PMMA and HT150-5PMMA.


[bookmark: OLE_LINK137][bookmark: OLE_LINK138][image: ]Supplementary Fig. 3. Ex situ XPS analyses over the CV cycles for HT150-0PMMA and HT150-5PMMA. a, B1s and b, O1s XPS data for HT150-0PMMA with cutoff voltages of 2.8, 4.2 and 10.0 V at the 2nd cycle. c, B1s and d, O1s XPS spectra for HT150-0PMMA with cutoff voltages of 2.8, 4.2 and 10.0 V at the 3rd cycle. e, B1s and f, O1s XPS spectra for HT150-5PMMA with cutoff voltages of 2.8, 4.2 and 10.0 V at the 2nd cycle. g, B1s and h, O1s XPS spectra for HT150-5PMMA with cutoff voltages of 2.8, 4.2 and 10.0 V at the 3rd cycle.







Supplementary Fig. 4. Extended CV measurement from 8.0 to 15.0 V for HT150-5PMMA.



[image: ]

[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Supplementary Fig. 5. CV curves over wide operational temperature ranges. Temperature-dependent CV curves for HT150-0PMMA at a, -30 ℃, b, 0 ℃ and c, 80 ℃. CV curves for the HT150-5PMMA at d, -30 ℃, e, 0 ℃ and f, 80 ℃. CV curves for HT150-0PMMA at g, 110 ℃, h, 130 ℃ and i, 150 ℃. CV curves for HT150-5PMMA at j, 110 ℃, k, 130 ℃ and l, 150 ℃.

[image: ]
[bookmark: OLE_LINK142][bookmark: OLE_LINK143]Supplementary Fig. 6. Extended Dendrite suppression with the ISMR-modified SEs. CCDs of a, HT150-1PMMA, b, HT150-3PMMA, c, HT150-7PMMA and d, HT150-10PMMA measured at 25 ℃. CCDs of e, HT150-0PMMA, f, HT150-1PMMA, g, HT150-3PMMA, h, HT150-5PMMA, i, HT150-7PMMA, j, HT150-10PMMA measured at 130 ℃. Li plating and stripping performances of HT150-0PMMA and HT150-5PMMA measured at 130 ℃ at k, 32.00 mA cm-2 and l, 164.00 mA cm-2.

[bookmark: OLE_LINK144][image: ]Supplementary Fig. 7. Cycling performances of the ISMR-modified SEs over the wide operational temperature range. Li plating and stripping curves for HT150-0PMMA and HT150-5PMMA at a, 0.1 CCD and at b, 0.5 CCD at -30 ℃. Li plating and stripping curves for HT150-0PMMA and HT150-5PMMA at c, 0.1 CCD and at d, 0.5 CCD at 80 ℃. Li plating and stripping curves for HT150-0PMMA and HT150-5PMMA at e, 0.1 CCD and at f, 0.5 CCD at 110 ℃. Li plating and stripping curves of HT150-0PMMA and HT150-5PMMA at g, 0.1 CCD and at h, 0.5 CCD at 150 ℃.
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Supplementary Fig. 8. Failure mechanisms of the ISMR-modified SEs a, Cross-sectional SEM images determined before cycling, b, after 500 h and c, after 800 h for HT150-0PMMA. d, Cross-sectional SEM images determined before cycling, e, after 500 h and f, after 5000 h for HT150-5PMMA. The blue circles represent the cracks and flaws in SEs and the yellow ones represent Li depositions.






[image: ]

Supplementary Fig. 9. AFM nanoindentations of pure PMMA and HT150-pure PMMA.


[image: ]
Supplementary Fig. 10. CCDs and voltage windows for other ISMR-modified hydride SEs. CCD for a, Li2B12H12, b, LiAlH4, c, LiNH2, d, HT150-Li2B12H12-5PMMA, e, HT150-LiAlH4-5PMMA and f, HT150-LiNH2-5PMMA. CV curves for g, Li2B12H12, h, LiAlH4, i, LiNH2, j, HT150-Li2B12H12-5PMMA, k, HT150-LiAlH4-5PMMA and l, HT150-LiNH2-5PMMA. 
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