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Table S1. Comparison of selected bond lengths (Å) at gas phase along with experimental crystal data. 
	Level
	Mn-Br
	Mn-N1
	Mn-N2
	Mn-C10
	Mn-C13
	Mn-C9

	X-Ray Data
	2.514
	2.038
	2.084
	1.793
	1.816
	1.816

	B3LYP
	2.564
	2.083
	2.105
	1.798
	1.813
	1.813

	B3LYP-D3
	2.545
	2.054
	2.087
	1.792
	1.805
	1.809

	BP86
	2.54
	2.046
	2.078
	1.777
	1.787
	1.786

	Cam-B3LYP
	2.537
	2.069
	2.094
	1.795
	1.81
	1.812

	M06L
	2.547
	2.057
	2.105
	1.776
	1.785
	1.788

	M06
	2.507
	2.042
	2.076
	1.779
	1.784
	1.785

	M06-2X
	2.568
	2.108
	2.141
	1.846
	1.87
	1.872

	PBE1PBE
	2.513
	2.043
	2.069
	1.775
	1.79
	1.79

	ωB97X
	2.536
	2.082
	2.113
	1.801
	1.817
	1.819


Table S2. Comparison between computed and available experimental data’s (FT-IR and UV-Visible for spectral studies) for a starting geometry of [Mn(pyrox)(CO)3Br] and performed by using Gaussian at B3LYP/LANL2DZ(6-31G(d)). 
	S. No
	Computation
	Experimental 

	FT-IR
	Compounds
	Frequency
	Force
Constant
	Frequencies
	Peak
Intensity

	
	[Mn(pyrox)(CO)3Br]
	2113.7
	35.1186
	2028
	ν̃CO
stretches

	
	
	2060.0
	33.3600
	1932
	

	
	
	2042.9
	32.8027
	1923
	

	
	[Mn(pyrox)(CO)3S]+
(S=CH3CN)
	2149.3
	36.3525
	2049
	ν̃CO
stretches

	
	
	2097.8
	34.6660
	1958
	

	
	
	2087.8
	34.3373
	1951
	

	UV
(Abs)
	λmax
	eV
	f0
	% Assignment
	λmax
(nm)
	Peaks
	Transition

	
	434.3 
406.6 
333.8 
	2.92
3.04
3.71
	0.002
0.031
0.038
	76.8%
76.8%
67.2%
	320 -450
	Intense
Broad 
	MLCT


 
Table S3. Computed free energies for CO2 fixation and the estimated energies are referenced to the 7Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, and PBE1PBE functionals.
	CO2 Fixation
	1Mn
	TS1Mn
	2Mn
	3Mn
	4Mn
	5Mn
	TS2Mn
	7Mn

	B3LYP
	0
	1.46
	0.17
	-3.56
	-6.58
	-6.27
	-5.45
	-6.22

	M06
	0
	1.36
	0.32
	-3.17
	-6.20
	-5.89
	-5.44
	-5.98

	PBE1BPE
	0
	1.47
	0.25
	-3.32
	-6.32
	-6.02
	-5.37
	-6.01



Table S4. Computed free energies for Protonation First Pathway (PFP) and the estimated energies are referenced to the 7Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, and PBE1PBE functionals.
	PFP
	7Mn
	TS3Mn
	9Mn
	TS4MnPFP
	10Mn
	12Mn
	12AMn
	TS5Mn
	5Mn

	PFP_B3LYP
	0
	-0.61
	-0.85
	-0.27
	-2.01
	-5.23
	-7.83
	-7.64
	-8.24

	PFP_M06
	0
	-0.84
	-0.76
	-0.36
	-1.80
	-5.06
	-7.59
	-7.35
	-7.81

	PFP_PBE1BPE
	0
	-0.87
	-0.97
	-0.32
	-1.84
	-5.09
	-7.56
	-7.38
	-7.82




Table S5. Computed free energies for Reduction First Pathway (RFP) and the estimated energies are referenced to the 7Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, and PBE1PBE functionals.
	RFP
	7Mn
	TS3Mn
	9Mn
	11Mn
	TS4MnRFP
	12Mn
	12AMn
	TS5Mn
	5Mn

	RFP_B3LYP
	0.00
	-0.61
	-0.85
	-3.65
	-3.18
	-5.23
	-7.83
	-7.64
	-8.24

	RFP_M06
	0.00
	-0.84
	-0.76
	-3.53
	-3.29
	-5.06
	-7.59
	-7.35
	-7.81

	RFP_PBE1BPE
	0.00
	-0.87
	-0.97
	-3.73
	-3.27
	-5.09
	-7.56
	-7.38
	-7.82



Table S6. Computed free energies for Reduction of CO2 to formate (HCOO-) and the estimated energies are referenced to the 5Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, and PBE1PBE functionals.
	Formation of HCOO-
	5Mn
	TS2Mn
	7Mn
	7AMn
	TS2aMnHCOO
	8Mn

	B3LYP
	0
	0.82
	0.06
	-3.48
	-0.48
	-7.66

	M06
	0
	0.45
	-0.09
	-0.76
	-0.73
	-7.25

	PBE1BPE
	0
	0.65
	0.01
	-0.97
	-0.81
	-7.47



Table S7. Computed free energies for Reduction of CO2 to formate (HCOO-) and the estimated energies are referenced to the 5Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, and PBE1PBE functionals.
	Formation of HCOO-
	5Mn
	6Mn
	TS2bMnHCOO
	8Mn

	B3LYP
	0
	-1.47
	1.04
	-7.66

	M06
	0
	-1.44
	0.97
	-7.25

	PBE1BPE
	0
	-1.42
	0.82
	-7.47



Table S8. Computed free energies for H2 Evolution and the estimated energies are referenced to the 5Mn complex (energies in eV). All species were optimized using the B3LYP/LANL2DZ(6-31G(d) method. Single-point energy calculations were conducted using the TZVP basis set with the B3LYP, M06, PBE1PBE, M06L, B3LYP-D3 functionals.
	H2 Evolution
	5Mn
	6Mn-H
	TSMnHH
	6Mn-H-H
	TSMnH2
	[Mn]1-

	B3LYP
	0
	-1.47
	-0.65
	-1.72
	-0.57
	-2.04

	M06
	0
	-1.44
	-1.25
	-1.77
	-0.93
	-2.04

	PBE1BPE
	0
	-1.42
	-0.67
	-1.56
	-0.48
	-1.48

	M06L
	0
	-1.68
	-1.62
	-1.89
	-1.25
	-1.72

	B3LYP-D3
	0
	-1.44
	-1.46
	-1.68
	-1.19
	-1.51



[image: ]
Fig. S1. The order of selectivity and feasibility for the CO2 electro-reductions (CO2RR) based on activation barriers in the involved pathways of the overall reaction.
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