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Table S1. B3LYP/6-311+G* Calculated geometries of reactants and products 

	Species
	State
	r(NiX) (Å)
	r(CH) (Å)
	(NiCH (()
	(HCH (()

	H2 
	1g+
	
	0.742
	
	

	CH
	2
	
	1.126
	
	

	CH2 
	3B1
	
	1.081
	
	134.4 

	CH3 
	2A((
	
	1.081
	
	120.0 (3)

	CH4 
	1A1
	
	1.091
	
	109.5 (6)

	NiH+
	3
	1.490
	
	
	

	
	3
	1.540
	
	
	

	
	1
	1.423
	
	
	

	
	3
	1.615
	
	
	

	NiC+ 
	2
	1.616
	
	
	

	
	4
	1.822
	
	
	

	
	2
	1.817
	
	
	

	
	2
	1.949
	
	
	

	NiCH+ 
	1
	1.624
	1.103
	180.0
	

	
	3
	1.776
	1.094
	180.0
	

	NiCH2+ 
	2A1
	1.816
	1.094 (2)
	123.9 (2)
	112.3

	
	2A2
	1.848
	1.094 (2)
	124.3 (2)
	111.4

	
	2B2
	1.867
	1.094 (2)
	124.5 (2)
	111.0

	
	4B2
	1.872
	1.087 (2)
	117.3 (2)
	125.3

	
	4B1
	1.872
	1.087 (2)
	117.3 (2)
	125.3

	
	2B1
	1.860
	1.088 (2)
	116.0 (2)
	128.0

	
	2A2
	1.914
	1.088 (2)
	114.8 (2)
	130.3

	NiCH3+ 
	3E
	1.940
	1.091 (3)
	105.3 (3)
	113.3 (3)

	
	1A1
	1.861
	1.095 (3)
	105.0 (3)
	113.6 (3)

	
	3E
	1.963
	1.095 (3)
	107.0 (3)
	111.9 (3)

	
	3A
	1.985
	1.087, 

1.095 (2)
	105.4 (2),

107.8
	113.7 (2), 

110.1

	Ni(CH4)+ 
	2A
	2.201
	1.088 (2), 

1.112, 1.126
	
	105.1 (2), 107.0 (2), 

112.5, 120.3

	
	2A1
	2.240
	1.088 (2), 

1.115 (2)
	
	106.2 (4), 

112.7, 119.7

	
	2A2
	2.212
	1.088 (2), 

1.118 (2)
	
	106.0 (4), 

112.5, 120.6

	
	2B1
	2.170
	1.088 (2), 

1.123 (2)
	
	106.1 (4), 

112.5, 120.2

	
	4A((
	2.514
	1.093 (2), 

1.097, 1.111
	
	101.8, 107.3 (2), 

112.7, 113.4


Table S2. B3LYP/6-311+G* Calculated geometries of intermediates and transition states 

	Species
	State
	r(NiC) (Å)
	r(NiH) (Å)
	r(CH)     (Å)
	r(HH) (Å)
	(HNiC  (()
	(NiCH          (()
	(HCH                   (()
	(HNiCH (()

	TS 1/2
	2A(
	2.286
	1.501
	1.087 (2), 1.089
	
	164.5
	95.9, 99.6 (2)
	117.8, 118.0 (2)
	180.0

	
	4A((
	3.403
	1.487
	1.083 (2), 1.084
	
	53.2
	90.8, 98.2 (2)
	119.0 (3)
	(60.5, 180.0

	HNiCH3+ 2
	2E
	2.271
	1.509
	1.088 (3)
	
	180.0
	98.6 (3)
	117.8 (3)
	0.0

	
	4A(
	2.221
	1.521
	1.088 (2), 1.089
	
	175.8
	99.0 (2), 99.3
	117.5 (2), 117.6
	180.0

	TS 2/3
	2A( 
	1.801
	1.511, 1.644
	1.090 (2), 1.394
	1.072
	47.5, 86.9
	60.4, 119.7 (2)
	120.6
	(89.9

	
	4A(
	1.947
	 1.670, 1.722
	1.089 (2), 1.508
	1.036
	48.5, 84.0
	56.1, 119.9 (2)
	118.2
	(98.1

	(H2)NiCH2+ 3 
	2A1
	1.825
	1.873 (2)
	1.094 (2)
	0.770
	168.1 (2)
	124.6 (2)
	110.8
	0.0, 180.0

	
	2A2
	1.863
	1.820 (2)
	1.095 (2)
	0.774
	167.7 (2)
	125.0 (2)
	109.9
	0.0, 180.0

	
	4B1
	1.861
	1.936 (2)
	1.088 (2)
	0.769
	168.5 (2)
	118.6 (2)
	122.9
	(90.0
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