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Table S1. The bonding parameters for the reactant complex RC and intermediate complex IC1.
	Polymer molecule
	Bond name
	Bond length (Å)
	ρ (a.u.)
	2ρ (a.u.)

	RC
	Li8-O13
	1.944
	0.0095
	0.1907

	
	Li8-S4
	2.383
	0.0018
	0.1052

	
	Li8-S3
	2.636
	0.0023
	0.0604

	
	Li7-S4
	2.372
	0.0022
	0.1081

	
	Li7-S3
	2.362
	0.0021
	0.1108

	IC1
	Li7-O13
	1.837
	0.0137
	0.2782

	
	Li8-O12
	1.936
	0.0088
	0.2092

	
	Li7-S4
	2.306
	0.0016
	0.1273

	
	Li7-S3
	2.674
	0.0026
	0.0542

	
	Li8-S6
	2.484
	0.0021
	0.0826

	
	Li8-S1
	2.651
	0.0023
	0.0543




Table S2. The bonding parameters for the reactant complex IC2 and product P1
	Polymer molecule
	Bond name
	Bond length (Å)
	ρ (a.u.)
	2ρ (a.u.)

	IC2
	Li8-O12
	1.854
	0.0113
	0.2690

	
	Li7-O13
	1.838
	0.0119
	0.2806

	
	Li7-O24
	2.011
	0.0073
	0.1499

	
	Li8-S3
	2.593
	0.0023
	0.0633

	
	Li8-S4
	2.462
	0.0014
	0.0840

	
	Li7-S4
	2.483
	0.0020
	0.0756

	P1
	Li8-O12
	1.952
	0.0076
	0.1993

	
	Li8-O13
	1.935
	0.0080
	0.2093

	
	Li7-O24
	1.957
	0.0073
	0.1946

	
	Li7-O23
	1.945
	0.0076
	0.2022

	
	Li8-S6
	2.677
	0.0023
	0.0503

	
	Li8-S3
	2.613
	0.0025
	0.0605

	
	Li7-S2
	2.739
	0.0021
	0.0433

	
	Li7-S4
	2.747
	0.0018
	0.0430




	

	



Figure S1. IRC diagram for a) TS1 and b) TS2 transition states

Table S3. The bonding parameters for the reactant complex RCDME and product IC1DME
	Polymer molecule
	Bond name
	Bond length (Å)
	ρ (a.u.)
	2ρ (a.u.)

	RCDME
	Li8-O13
	1.927
	0.0106
	0.2084

	
	Li8-S3
	2.470
	0.0025
	0.0860

	
	Li8-S4
	2.411
	0.0020
	0.0986

	
	Li7-S3
	2.369
	0.0017
	0.1090

	
	Li7-S4
	2.456
	0.0023
	0.0890

	IC1DME
	Li7-O13
	2.046
	0.0052
	0.1437

	
	Li7-O12
	2.031
	0.0054
	0.1500

	
	Li7-S4
	2.424
	0.0019
	0.0898

	
	Li7-S3
	2.659
	0.0025
	0.0544

	
	Li8-S2
	2.816
	0.0014
	0.0365

	
	Li8-S4
	2.385
	0.0011
	0.0989






Table S4. The bonding parameters for the intermediate complex IC2DME and product P1DME
	Polymer molecule
	Bond name
	Bond length (Å)
	ρ (a.u.)
	2ρ (a.u.)

	IC2DME
	Li8-O13
	2.136
	0.0041
	0.1115

	
	Li8-O12
	1.999
	0.0062
	0.1637

	
	Li7-O13
	1.863
	0.1198
	0.2479

	
	Li7-O24
	1.993
	0.0078
	0.1600

	
	Li8-S1
	2.674
	0.0018
	0.0466

	
	Li8-S6
	2.542
	0.0016
	0.0680

	
	Li7-S4
	2.412
	0.0017
	0.0950

	P1DME
	Li8-O12
	1.993
	0.0072
	0.1763

	
	Li8-O13
	2.023
	0.0064
	0.1612

	
	Li7-O23
	1.994
	0.0073
	0.1767

	
	Li7-O24
	2.010
	0.0067
	0.1679

	
	Li8-S6
	2.777
	0.0021
	0.0410

	
	Li8-S3
	2.697
	0.0026
	0.0519

	
	Li7-S2
	2.747
	0.0022
	0.0441

	
	Li7-S4
	2.681
	0.0026
	0.0535




	

	



Figure S2. IRC diagram for a) TS1 and b) TS2 transition states.
Table S5. The reaction energy (E) for Step 2 and Step 4 reactions in gas phase CCSD(T) method.
	Complex
	E
 (kcal/mol)
	Complex
	E
 (kcal/mol)

	
	Step 2
	
	Step 4

	RC
	0.00
	IC2
	0.00

	TS1
	53.53
	TS2
	66.31

	IC1
	-27.08
	P1
	-2.76



Table S6. The reaction energy (E) for Step 2 and Step 4 reactions in DME using CCSD(T) method.
	Complex
	E
 (kcal/mol)
	Complex
	E
 (kcal/mol)

	
	Step 2
	
	Step 4

	RCDME
	0.00
	IC2DME
	0.00

	TS1DME
	54.99
	TS2DME
	64.06

	IC1DME
	-13.17
	P1DME 
	-6.02
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