Rational Electrolytes Design for Li-Metal Batteries Operated Under Extreme Conditions: A Combined DFT, COSMO-RS, and Machine Learning Study
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Figure S1. Optimized structures of 20 solvents, 3 diluents (TTE, BTFE, TFEO), and a lithium salt (LiTFSI). The common organic solvents include cyclic carbonates (EC, PC, FEC, VC), linear carbonate (DMC, DEC, EMC, FEMC), cyclic ester (GBL), linear ester (MA, EA, MP), cyclic ether (DOL, THF), linear ether (DME, DEE, FDMB), sulfone (TMS), sultone (PES), and amide (DMAC).






Table S1. The melting point (mp in K), boiling point (bp in K), and enthalpy of fusion (ΔHf in kJ mol-1) of 20 common organic solvents. a From Sigma-Aldrich; b From indagoochem; c Predicted from QSPR in AMS.
	Solvents
	Melting Point (K)
	Boiling Point (K)
	Enthalpy of fusion (kJ mol-1)

	EC
	309.48 1
	519.15 1
	13.02 2

	PC
	224.35 1
	514.75 1
	8.96 2

	FEC
	290.45 3
	485.15 4
	15.95 c

	VC
	293.65 a
	435.15 a
	15.79 c

	DMC
	272.15 1
	363.26 1
	11.58 2

	DEC
	230.15 1
	399.05 1
	9.24 2

	EMC
	259.15 1
	380.65 1
	11.24 2

	FEMC
	229.00 5
	363.00 5
	16.64 c

	GBL
	229.79 1
	477.75 1
	9.57 1

	MA
	174.90 1
	329.85 1
	7.49 1

	EA
	189.35 1
	350.25 1
	10.48 1

	MP
	185.65 1
	351.75 1
	17.02 c

	DOL
	175.94 1
	348.45 1
	6.57 1

	THF
	164.77 1
	339.15 1
	8.54 1

	DME
	204.15 1
	358.15 1
	14.01 c

	DEE
	199.15 a
	394.15 a
	15.44 c

	FDMB
	224.15 c
	405.82 c
	21.17 c

	TMS
	301.60 1
	559.15 1
	1.372 6

	PES
	355.65 b
	529.75 b
	16.95 c

	DMAC
	254.15 1
	439.05 1
	15.78 c




Table S2. The calculated Li+ binding energy (EB, Li in eV), and TFSI- binding energy (EB, TFSI in eV) of 20 solvents and 3 diluents.
	Compounds
	EB, Li
	EB, TFSI

	EC
	-0.712
	-0.259

	PC
	-0.722
	-0.295

	FEC
	-0.608
	-0.289

	VC
	-0.636
	-0.238

	DMC
	-0.695
	-0.140

	DEC
	-0.715
	-0.149

	EMC
	-0.704
	-0.150

	FEMC
	-0.593
	-0.250

	GBL
	-0.780
	-0.186

	MA
	-0.743
	-0.140

	EA
	-0.756
	-0.140

	MP
	-0.780
	-0.131

	DOL
	-0.713
	-0.212

	THF
	-0.847
	-0.146

	DME
	-0.712
	-0.143

	DEE
	-0.753
	-0.148

	FDMB
	-0.754
	-0.213

	TMS
	-0.779
	-0.203

	PES
	-0.580
	-0.248

	DMAC
	-1.012
	-0.135

	TTE
	-0.460
	-0.297

	BTFE
	-0.582
	-0.274

	TFEO
	-0.724
	-0.380





Table S3. Mean values and standard deviations of the predicted Li+ binding energy (eV), and TFSI- binding energy (eV) of 20 solvents and 3 diluents.
	Compounds
	EB, Li, Mean
	EB, Li, STD
	EB, TFSI, Mean
	EB, TFSI, STD

	EC
	-0.7279
	0.0084
	-0.2446
	0.0087

	PC
	-0.7608
	0.0077
	-0.2358
	0.0105

	FEC
	-0.5634
	0.0437
	-0.2935
	0.0048

	VC
	-0.6431
	0.0082
	-0.2095
	0.0189

	DMC
	-0.6435
	0.0139
	-0.1635
	0.0054

	DEC
	-0.6814
	0.0129
	-0.1415
	0.0045

	EMC
	-0.6633
	0.0071
	-0.1536
	0.0025

	FEMC
	-0.6478
	0.0097
	-0.2469
	0.0044

	GBL
	-0.763
	0.004
	-0.2138
	0.0053

	MA
	-0.7008
	0.0091
	-0.1629
	0.0046

	EA
	-0.73
	0.0074
	-0.1553
	0.0045

	MP
	-0.7961
	0.0049
	-0.1431
	0.0021

	DOL
	-0.7354
	0.0107
	-0.1725
	0.0036

	THF
	-0.8212
	0.0037
	-0.1319
	0.0041

	DME
	-0.7626
	0.0058
	-0.1401
	0.0034

	DEE
	-0.8385
	0.0054
	-0.1348
	0.0038

	FDMB
	-0.7708
	0.0077
	-0.2074
	0.0012

	TMS
	-0.7659
	0.0058
	-0.2324
	0.0051

	PES
	-0.626
	0.0063
	-0.2449
	0.0053

	DMAC
	-0.9348
	0.0047
	-0.1566
	0.0032

	TTE
	-0.4597
	0
	-0.2971
	0

	BTFE
	-0.648
	0.0094
	-0.3126
	0.0056

	TFEO
	-0.6468
	0.0043
	-0.3638
	0.0016
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