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Table SI Calculated bond lengths and angles for RuCO(AsPh3)L1 (A), RuCO(PPh3)L1 (B), and RuCO(Py)L1 (C) by B3LYP, PBE1PBE, and M06 levels with 6-31G(d)-LANL2DZ basis set.
	RuCO(AsPh3)L1
	RuCO(PPh3)L1
	RuCO(Py)L1

	Bond lengths, Å
	
	Bond 
lengths, Å
	
	Bond lengths, Å
	

	Ru-As
	2.49 (2.44)a [2.45 ]b
	Ru-P
	2.39 (2.34)a [2.34 ]b {2.41}c
	Ru-N
	2.17 (2.13)a [2.15 ]b

	Ru-C
	1.90 (1.89)a [1.89 ]b
	Ru-C
	1.90 (1.89)a [1.89 ]b {1.87}c
	Ru-C
	1.91 (1.89)a [1.90 ]b

	Ru-N2
	2.05 (2.03)a [2.06 ]b
	Ru-N2
	2.06 (2.03)a [2.06 ]b {2.11}c
	Ru-N2
	2.05 (2.03)a [2.05 ]b

	Ru-O1
	2.11 (2.09)a [2.11 ]b
	Ru-O1
	2.11 (2.09)a [2.12 ]b {2.10}c
	Ru-O1
	2.10 (2.07)a [2.09 ]b

	Ru-S
	2.51 (2.46)a [2.48 ]b
	Ru-S
	2.51 (2.46)a[2.49 ]b {2.36}c
	Ru-S
	2.53 (2.48)a [2.50 ]b

	Bond 
Angles, (
	
	Bond 
Angles, (
	
	Bond Angles, (
	

	As-Ru-C
	91.65 (91.86)a [91.16 ]b
	P-Ru-C
	92.41 (92.32)a [91.77 ]b {87.50}c
	N-Ru-C
	93.06 (93.33)a [94.45 ]b

	As-Ru-N2
	98.36 (97.27)a [96.13]b
	P-Ru-N2
	98.52 (97.77)a [96.90]b {94.70}c
	N-Ru-N2
	95.56 (95.11)a [93.41]b

	C-Ru-N2
	169.16 (169.70)a [171.49 ]b
	C-Ru-N2
	168.31 (168.90)a [170.29 ]b {173.31}c
	C-Ru-N2
	170.63 (170.54)a [171.37 ]b

	O1-Ru-S
	154.42 (154.43)a [153.28 ]b
	O1-Ru-S
	153.91 (154.01)a [152.92 ]b {168.27}c
	O1-Ru-S
	155.56 (155.93)a [154.63 ]b


aCalculated at PBE1PBE level
bCalculated at M06 level
cFrom ref. 24
Table SII Molecular orbital compositions in the ground state for RuCO(AsPh3)L1 (A) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.
	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	As
	a(C+S+N)
	

	L+2
	-1.36
	41
	0
	0
	0
	1
	1
	4
	0
	3
	C(2)+S(19)+N(7)
	p(Sa)+d(Ru)

	L+1
	-1.58
	2
	36
	0
	0
	2
	27
	4
	0
	0
	C(2)+S(5)+N(18)
	(*(Ph1)+p(C1+Na)

	L
	-2.10
	2
	0
	0
	33
	0
	0
	0
	26
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.14
	17
	12
	0
	0
	0
	0
	6
	0
	0
	C(25)+S(15)+N(8)
	π(Ph1)+p(Ca+Sa)+d(Ru)

	H-1
	-5.42
	9
	33
	0
	0
	0
	0
	17
	0
	2
	C(6)+S(5)+N(11)
	π(Ph1)+p(Na+O1)

	H-2
	-6.15
	22
	12
	0
	15
	3
	2
	8
	1
	0
	C(3)+S(19)+N(12)
	π(Ph1+Fu)+p(Sa+Na)+d(Ru)

	H-3
	-6.34
	36
	11
	0
	12
	6
	0
	12
	0
	0
	C(1)+S(6)+N(3)
	π(Ph1+Fu)+p(O1)+d(Ru)


Table SIII Molecular orbital compositions in the ground state for RuCO(PPh3)L1 (B) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	P
	a(C+S+N)
	

	L+2
	-1.39
	37
	0
	9
	0
	2
	1
	4
	0
	5
	C(1)+S(17)+N(8)
	p(Sa)+d(Ru)

	L+1
	-1.55
	2
	35
	0
	0
	2
	27
	3
	0
	0
	C(2)+S(5)+N(18)
	(*(Ph1)+p(C1+Na)

	L
	-2.07
	2
	0
	0
	33
	0
	0
	0
	26
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.14
	15
	8
	0
	0
	0
	0
	5
	0
	1
	C(27)+S(16)+N(8)
	p(Ca+Sa)+d(Ru)

	H-1
	-5.39
	10
	37
	0
	0
	0
	0
	18
	0
	2
	C(5)+S(4)+N(11)
	π(Ph1)+p(O1+Na)+d(Ru)

	H-2
	-6.12
	22
	12
	0
	13
	2
	2
	8
	1
	0
	C(3)+S(19)+N(11)
	π(Ph1+Fu)+p(Sa+Na)+d(Ru)

	H-3
	-6.34
	34
	11
	0
	14
	6
	0
	11
	0
	0
	C(1)+S(5)+N(4)
	π(Ph1+Fu)+p(O1)+d(Ru)


Table SIV Molecular orbital compositions in the ground state for RuCO(Py)L1 (C) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph
	Fu
	CO
	C1
	O1
	C2
	Py
	a(C+S+N)
	

	L+2
	-1.31
	3
	0
	0
	1
	0
	0
	0
	84
	C(0)+S(3)+N(0)
	(*(Py)

	L+1
	-1.58
	2
	34
	0
	1
	27
	4
	0
	2
	C(2)+S(5)+N(18)
	(*(Ph)+p(C1+Na)

	L
	-2.07
	1
	0
	37
	0
	0
	0
	27
	0
	C(7)+S(7)+N(18)
	(*(Fu)+p(C2+Na)

	H
	-5.09
	22
	16
	0
	0
	0
	9
	0
	0
	C(20)+S(12)+N(6)
	π(Ph)+p(Ca+Sa)+d(Ru)

	H-1
	-5.50
	12
	28
	0
	0
	0
	12
	0
	0
	C(11)+S(8)+N(11)
	π(Ph)+p(O1+Ca+Na)+d(Ru)

	H-2
	-6.10
	27
	13
	16
	3
	3
	5
	1
	0
	C(2)+S(14)+N(11)
	π(Ph+Fu)+p(Sa+Na)+d(Ru)

	H-3
	-6.26
	42
	16
	5
	6
	0
	12
	0
	0
	C(0)+S(9)+N(2)
	π(Ph)+p(O1)+d(Ru)


Table SV Molecular orbital compositions in the ground state for RuCO(AsPh3)L2 (D) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.
	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	CH3
	As
	a(C+S+N)
	

	L+2
	-1.25
	34
	6
	0
	0
	3
	5
	4
	0
	0
	3
	C(2)+S(14)+N(9)
	p(Sa)+d(Ru)

	L+1
	-1.47
	6
	28
	0
	0
	1
	22
	3
	0
	0
	1
	C(1)+S(10)+N(16)
	(*(Ph1)+p(C1+Sa+Na)

	L
	-2.07
	2
	0
	0
	33
	0
	0
	0
	26
	0
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.09
	17
	11
	0
	0
	0
	0
	7
	0
	0
	0
	C(24)+S(15)+N(7)
	π(Ph1)+p(Ca+Sa)+d(Ru)

	H-1
	-5.33
	10
	34
	0
	0
	0
	0
	18
	0
	0
	2
	C(6)+S(5)+N(10)
	π(Ph1)+p(Na+O1)+d(Ru)

	H-2
	-6.09
	21
	9
	0
	11
	3
	2
	10
	1
	0
	0
	C(3)+S(20)+N(11)
	π(Fu)+p(Sa+Na+O1)+d(Ru)

	H-3
	-6.28
	34
	14
	0
	13
	6
	1
	10
	0
	0
	0
	C(2)+S(5)+N(5)
	π(Ph1+Fu)+p(O1)+d(Ru)


Table SVI Molecular orbital compositions in the ground state for RuCO(PPh3)L2 (E) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.
	MO
	Energy, eV
	Contribution 
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	CH3
	P
	a(C+S+N)
	

	L+2
	-1.28
	30
	7
	5
	0
	4
	6
	4
	0
	0
	4
	C(2)+S(12)+N(10)
	p(Sa+Na)+d(Ru)

	L+1
	-1.44
	7
	28
	0
	0
	0
	21
	3
	0
	0
	2
	C(1)+S(10)+N(16)
	(*(Ph1)+p(C1+Sa+Na)

	L
	-2.04
	2
	0
	0
	34
	0
	0
	0
	26
	0
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.09
	15
	8
	0
	0
	0
	0
	5
	0
	0
	1
	C(26)+S(17)+N(8)
	p(Ca+Sa)+d(Ru)

	H-1
	-5.33
	11
	37
	0
	0
	0
	0
	19
	0
	0
	2
	C(4)+S(4)+N(11)
	π(Ph1)+p(O1+Na)+d(Ru)

	H-2
	-6.07
	22
	9
	0
	10
	3
	2
	11
	1
	0
	0
	C(3)+S(20)+N(11)
	π(Fu)+p(Sa+Na+O1)+d(Ru)

	H-3
	-6.28
	32
	14
	0
	16
	6
	1
	9
	0
	0
	0
	C(2)+S(5)+N(5)
	π(Ph1+Fu)+d(Ru)


Table SVII Molecular orbital compositions in the ground state for RuCO(Py)L2 (F) at B3LYP/6-31G(d)-LanL2DZ level indichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph
	Fu
	CO
	C1
	O1
	C2
	CH3
	Py
	a(C+S+N)
	

	L+2
	-1.28
	3
	0
	0
	1
	2
	0
	0
	0
	81
	C(0)+S(4)+N(0)
	(*(Py)

	L+1
	-1.47
	3
	31
	0
	1
	23
	3
	0
	0
	7
	C(2)+S(8)+N(17)
	(*(Ph)+p(C1+Na)

	L
	-2.04
	1
	0
	37
	0
	0
	0
	27
	0
	0
	C(7)+S(7)+N(18)
	(*(Fu)+p(C2+Na)

	H
	-5.03
	23
	16
	0
	0
	0
	10
	0
	0
	0
	C(19)+S(12)+N(6)
	π(Ph)+p(Ca+Sa+O1)+d(Ru)

	H-1
	-5.44
	12
	27
	0
	0
	0
	13
	0
	0
	0
	C(12)+S(8)+N(10)
	π(Ph)+p(O1+Ca+Na)+d(Ru)

	H-2
	-6.04
	26
	9
	16
	3
	3
	7
	1
	0
	0
	C(2)+S(16)+N(12)
	π(Fu)+p(Sa+Na)+d(Ru)

	H-3
	-6.18
	40
	17
	6
	6
	0
	11
	0
	0
	0
	C(0)+S(7)+N(2)
	π(Ph)+p(O1)+d(Ru)


Table SVIII Molecular orbital compositions in the ground state for RuCO(AsPh3)L3 (G) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution 
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	OCH3
	As
	a(C+S+N)
	

	L+2
	-1.36
	40
	0
	0
	0
	2
	2
	4
	0
	0
	3
	C(2)+S(17)+N(8)
	p(Sa)+d(Ru)

	L+1
	-1.50
	3
	30
	0
	0
	2
	27
	4
	0
	0
	0
	C(2)+S(6)+N(18)
	(*(Ph1)+p(C1+Na)

	L
	-2.07
	2
	0
	0
	33
	0
	0
	0
	26
	0
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.03
	15
	35
	0
	0
	0
	0
	15
	0
	5
	0
	C(11)+S(6)+N(3)
	π(Ph1)+p(Ca+O1)+d(Ru)

	H-1
	-5.25
	5
	15
	0
	0
	0
	0
	6
	0
	3
	3
	C(20)+S(13)+N(12)
	π(Ph1)+p(Ca+Na+Sa)

	H-2
	-6.07
	12
	33
	0
	11
	1
	2
	1
	1
	5
	0
	C(2)+S(9)+N(15)
	π(Ph1+Fu)+p(Na)+d(Ru)

	H-3
	-6.20
	42
	10
	0
	0
	5
	0
	15
	0
	3
	0
	C(0)+S(14)+N(0)
	π(Ph1)+p(O1+Sa)+d(Ru)


Table SIX Molecular orbital compositions in the ground state for RuCO(PPh3)L3 (H) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.
	MO
	Energy, eV
	Contribution 
	Assign

	
	
	Ru
	Ph1
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	OCH3
	P
	a(C+S+N)
	

	L+2
	-1.36
	36
	0
	5
	0
	2
	3
	4
	0
	0
	4
	C(1)+S(16)+N(8)
	p(Sa)+d(Ru)

	L+1
	-1.50
	4
	30
	0
	0
	1
	26
	4
	0
	0
	1
	C(2)+S(6)+N(18)
	(*(Ph1)+p(C1+Na)

	L
	-2.04
	2
	0
	0
	33
	0
	0
	0
	26
	0
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.03
	14
	33
	0
	0
	0
	0
	14
	0
	5
	0
	C(12)+S(7)+N(3)
	π(Ph1)+p(O1+Ca)+d(Ru)

	H-1
	-5.22
	5
	16
	0
	0
	0
	0
	6
	0
	3
	2
	C(19)+S(13)+N(12)
	π(Ph1)+p(Ca+Sa+Na)

	H-2
	-6.04
	12
	32
	0
	11
	1
	2
	2
	1
	5
	0
	C(2)+S(10)+N(15)
	π(Ph1+Fu)+p(Sa+Na)+d(Ru)

	H-3
	-6.18
	42
	12
	0
	0
	5
	0
	14
	0
	4
	0
	C(0)+S(13)+N(0)
	π(Ph1)+p(O1+Sa)+d(Ru)


Table SX Molecular orbital compositions in the ground state for RuCO(Py)L3 (I) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Ph
	Fu
	CO
	C1
	O1
	C2
	OCH3
	Py
	a(C+S+N)
	

	L+2
	-1.28
	3
	0
	0
	1
	1
	0
	0
	0
	83
	C(0)+S(3)+N(0)
	(*(Py)

	L+1
	-1.52
	3
	30
	0
	1
	27
	5
	0
	0
	4
	C(2)+S(6)+N(18)
	(*(Ph)+p(C1+Na)

	L
	-2.04
	1
	0
	37
	0
	0
	0
	27
	0
	0
	C(7)+S(7)+N(18)
	(*(Fu)+p(C2+Na)

	H
	-4.98
	19
	29
	0
	0
	0
	13
	0
	4
	0
	C(13)+S(7)+N(3)
	π(Ph)+p(Ca+O1)+d(Ru)

	H-1
	-5.36
	7
	21
	0
	0
	0
	6
	0
	4
	0
	C(19)+S(12)+N(10)
	π(Ph)+p(Ca+Sa+Na)

	H-2
	-5.99
	25
	27
	13
	4
	2
	0
	1
	5
	0
	C(0)+S(5)+N(11)
	π(Ph+Fu)+p(Na)+d(Ru)

	H-3
	-6.15
	45
	6
	0
	5
	0
	15
	0
	1
	0
	C(0)+S(17)+N(1)
	p(O1+Sa)+d(Ru)


Table SXI Molecular orbital compositions in the ground state for RuCO(AsPh3)L4 (J) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution 
	Assign

	
	
	Ru
	Naph
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	As
	a(C+S+N)
	

	L+2
	-1.39
	40
	0
	3
	0
	1
	0
	4
	0
	3
	C(1)+S(20)+N(7)
	p(Sa)+d(Ru)

	L+1
	-1.88
	0
	50
	0
	0
	1
	21
	0
	0
	0
	C(2)+S(3)+N(16)
	(*(Naph)+p(C1+Na)

	L
	-2.10
	2
	0
	0
	33
	0
	0
	0
	26
	0
	C(7)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.06
	15
	50
	0
	0
	0
	0
	18
	0
	0
	C(6)+S(4)+N(0)
	π(Naph)+p(O1)+d(Ru)

	H-1
	-5.28
	5
	12
	0
	0
	0
	0
	4
	0
	3
	C(25)+S(15)+N(10)
	π(Naph)+p(Ca+Sa+Na)+d(Ru)

	H-2
	-6.01
	15
	48
	0
	6
	1
	0
	2
	0
	0
	C(1)+S(5)+N(14)
	π(Naph)+p(Na)+d(Ru)

	H-3
	-6.18
	36
	6
	0
	2
	5
	0
	17
	0
	0
	C(0)+S(17)+N(2)
	p(O1+Sa)+d(Ru)


Table SXII Molecular orbital compositions in the ground state for RuCO(PPh3)L4 (K) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Naph
	Ph(2+3+4)
	Fu
	CO
	C1
	O1
	C2
	P
	a(C+S+N)
	

	L+2
	-1.42
	36
	0
	10
	0
	1
	0
	3
	1
	5
	C(1)+S(20)+N(7)
	p(Sa)+d(Ru)

	L+1
	-1.88
	0
	50
	0
	0
	1
	21
	0
	0
	0
	C(2)+S(2)+N(16)
	(*(Naph)+p(C1+Na)

	L
	-2.07
	2
	0
	0
	33
	0
	0
	0
	26
	0
	C(8)+S(7)+N(17)
	(*(Fu)+p(C2+Na)

	H
	-5.06
	15
	49
	0
	0
	0
	0
	17
	0
	0
	C(7)+S(4)+N(0)
	π(Naph)+p(O1)+d(Ru)

	H-1
	-5.25
	5
	13
	0
	0
	0
	0
	4
	0
	2
	C(25)+S(15)+N(10)
	π(Naph)+p(Ca+Sa+Na)

	H-2
	-6.01
	14
	48
	0
	5
	1
	0
	1
	0
	0
	C(1)+S(5)+N(14)
	π(Naph)+p(Na)+d(Ru)

	H-3
	-6.18
	36
	6
	0
	2
	4
	0
	17
	0
	0
	C(0)+S(17)+N(2)
	p(O1+Sa)+d(Ru)


Table SXIII Molecular orbital compositions in the ground state for RuCO(Py)L4 (L) at B3LYP/6-31G(d)-LanL2DZ level in dichloromethane.

	MO
	Energy, eV
	Contribution
	Assign

	
	
	Ru
	Naph
	Fu
	CO
	C1
	O1
	C2
	Py
	a(C+S+N)
	

	L+2
	-1.31
	3
	0
	0
	1
	0
	0
	0
	88
	C(0)+S(2)+N(0)
	(*(Py)

	L+1
	-1.90
	1
	49
	0
	1
	21
	0
	0
	0
	C(2)+S(3)+N(16)
	(*(Naph)+p(C1+Na)

	L
	-2.07
	1
	0
	36
	0
	0
	0
	27
	0
	C(7)+S(7)+N(18)
	(*(Fu)+p(C2+Na)

	H
	-5.01
	20
	43
	0
	0
	0
	16
	0
	0
	C(8)+S(5)+N(0)
	π(Naph)+p(O1)+d(Ru)

	H-1
	-5.36
	6
	21
	0
	0
	0
	4
	0
	0
	C(24)+S(14)+N(8)
	π(Naph)+p(Ca+Sa)

	H-2
	-5.96
	28
	33
	9
	5
	1
	0
	1
	0
	C(0)+S(4)+N(12)
	π(Naph)+p(Na)+d(Ru)

	H-3
	-6.15
	38
	8
	1
	5
	0
	16
	0
	0
	C(0)+S(18)+N(2)
	p(O1+Sa)+d(Ru)


Table SXIV Presentation of H-L energy gaps for complexes RuCO(AsPh3)L1 (A), RuCO(PPh3)L1 (B), and RuCO(Py)L1 (C) at various levels.
	ΔE/eV
	RuCO(AsPh3)L1
	RuCO(PPh3)L1
	RuCO(Py)L1

	a
	3.04
	3.07
	3.02

	b
	3.23
	3.24
	3.21

	c
	3.23
	3.24
	3.20

	d
	2.66
	2.67
	2.65


a Calculated at B3LYP/6-31G(d)-LANL2DZ level
b Calculated at PBE1PBE/6-31G(d)-LANL2DZ level
c Calculated at M06/6-31G(d)-LANL2DZ level
d Calculated at B3LYP/def2-SVP level
Table SXV Presentation of the lowest-lying absorption wavelengths for complexes RuCO(AsPh3)L1 (A), RuCO(PPh3)L1 (B), and RuCO(Py)L1 (C) at various levels.

	λmax/nm
	RuCO(AsPh3)L1
	RuCO(PPh3)L1
	RuCO(Py)L1

	a
	485
	483
	477

	b
	469
	468
	466

	c
	472
	467
	464

	d
	486
	487
	480


a Calculated at TD-CAM-B3LYP/def2-SVP//B3LYP/6-31G(d)-LANL2DZ level
b Calculated at TD-CAM-B3LYP/def2-SVP//PBE1PBE/6-31G(d)-LANL2DZ level
c Calculated at TD-CAM-B3LYP/def2-SVP//M06/6-31G(d)-LANL2DZ level
d Calculated at TD-CAM-B3LYP/def2-SVP//B3LYP/def2-SVP level
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Fig. S1 The optimized geometric structures of complexes RuCO(AsPh3)L1 (A), RuCO(PPh3)L1 (B), RuCO(Py)L1 (C), RuCO(AsPh3)L2 (D), RuCO(PPh3)L2 (E) and RuCO(Py)L2 (F).
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Fig. S2 The optimized geometric structures of complexes RuCO(AsPh3)L3 (G), RuCO(PPh3)L3 (H), RuCO(Py)L3 (I), RuCO(AsPh3)L4 (J), RuCO(PPh3)L4 (K) and RuCO(Py)L4 (L).
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Fig. S3 Simulated absorption spectra in dichloromethane for complexes (a) RuCO(AsPh3)L1 (A), (b) RuCO(PPh3)L1 (B), and (c) RuCO(Py)L1 (C) at three TD-DFT-PCM/LANL2DZ levels together with experimental values in parentheses.
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