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TABLE S-I. Calculated frequencies (cm'!) of complexes RuCO(AsPh;)L! (A),
RuCO(PPh;)L' (B), RuCO(Py)L! (C), RuCO(AsPh;)L?2 (D), RuCO(PPh;)L? (E),
RuCO(Py)L?2 (F), RuCO(AsPh;)L3> (G), RuCO(PPh;)L?> (H), RuCO(Py)L? (I),
RuCO(AsPh;)L* (J), RuCO(PPh;)L* (K) and RuCO(Py)L* (L), together with the
experimental values in parentheses!

Complex Ve=N- VPh-C-O Vess Voy

A 1599 (1602) 1338 (1306) 737 (737) -

B 1599 (1603) 1339 (1290) 738 (746) -

C 1598 (1602) 1339 (1302) 748 (746) 1040 (1030)
D 1599 (1619) 1292 (1282) 729 (741) -

E 1600 (1609) 1374 (1329) 782 (745) -

F 1599 (1600) 1381 (1305) 730 (738) 1040 (1027)
G 1599 (1601) 1346 (1310) 743 (737) -

H 1600 (1602) 1346 (1320) 738 (743) -

1 1599 (1600) 1346 (1315) 739 (744) 1040 (1025)
J 1599 (1615) 1377 (1357) 760 (737) -

K 1600 (1614) 1313 (1310) 761 (744) -

L 1598 (1614) 1313 (1298) 759 (744) 1041 (1032)

* Corresponding author. E-mail: chemwangl@henu.edu.cn
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TABLE S-II. Calculated bond lengths and angles for RuCO(AsPh;)L! (A), RuCO(PPh;)L! (B) and RuCO(Py)L! (C) at the B3LYP,

ZHANG, LI and WANG

PBEI1PBE and MO06 levels with the 6-31G(d)-LANL2DZ basis set

RuCO(AsPh;)L! RuCO(PPh;)L! RuCO(Py)L!
Bond lengths, A
Ru-As 2.49 (2.44)2 [2.451° Ru-P 2.39 (2.34)2 [2.34]° {2.41}° Ru-N 2.17 (2.13)2 [2.15]°
Ru-C 1.90 (1.89)2[1.891° Ru-C 1.90 (1.89)2[1.89] {1.87}¢ Ru-C 1.91 (1.89)2 [1.901°
Ru-N, 2.05 (2.03)2 [2.06]° Ru-N, 2.06 (2.03)2 [2.06]° {2.11}¢ Ru-N, 2.05 (2.03)2 [2.05]°
Ru-0O, 2.11 (2.09)2 [2.11]° Ru-O, 2.11 (2.09)2 [2.12] {2.10}° Ru-0O, 2.10 (2.07)2 [2.09]°
Ru-S 2.51 (2.46)2[2.48]° Ru-S 2.51 (2.46)22.49]° {2.36}¢ Ru-S 2.53 (2.48)2[2.50]°
Bond angles, °
As—Ru-C  91.65 (91.86)2 [91.16]° P-Ru-C 92.41(92.32)2 [91.77]° {87.50}° N-Ru-C 93.06 (93.33)2 [94.45]°
As—Ru-N,  98.36 (97.27)2[96.13]° P-Ru-N, 98.52 (97.77)2 [96.90]° {94.70¢ N-Ru-N, 95.56 (95.11)2 [93.41]°
C-Ru-N, 169.16 (169.70)2[171.49]> C-Ru-N, 168.31 (168.90)2 [170.291° {173.31}¢ C-Ru-N, 170.63 (170.54)2[171.37]°
O,-Ru-S 154.42 (154.43)2[153.28]° O,—Ru-S 153.91 (154.01)2 [152.92]° {168.27}¢ 0,-Ru-S  155.56 (155.93)2 [154.63]°

aCalculated at the PBE1PBE level; bcalculated at the M06 level; ¢from ref. 2

TABLE S-III. Molecular orbital compositions in the ground state for RuCO(AsPh;)L! (A) at the B3LYP/6-31G(d)-LanL2DZ level in

dichloromethane
Energy Contribution .
MO eV Ru Ph; Phpyy Fu CO C, O, C, As a(C+S+N) Assign
2 136 41 0 0 0o 1 1 4 0 3 C(2)+S(19)N(7) (S, +d(Ru)
L+1 158 2 36 0 0 2 27 4 0 0 C(2)+S(5)+N(18) 70 (Ph, ) +p(C,+N,)
L 210 2 0 0 33 0 0 0 26 0 C(8)+S(7)+N(17) T (Fu)+p(Co+N,)
H 514 17 12 0 0 0 0 6 0 0  C@25+S(15+N(@8) (Ph, ) +p(C,+S,)+d(Ru)
H-1 54 9 33 0 o 0 o0 17 0 2 C(6)+S(5)+N(11) (Ph,)+p(N,+O;)
H-2 615 22 12 0 15 3 2 8 1 0  CEH#S(I9+N(12)  m(Ph,+Fu)y+p(S,+N,)+d(Ru)
H-3 634 36 11 0 2 6 0 12 0 0 C(1)+S(6)+N(3) (P, +Fu)+p(O;)+d(Ru)
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TABLE S-1V. Molecular orbital compositions in the ground state for RuCO(PPh;)L! (B) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Energy Contribution .
MO eV Ru Ph, Phoyy Fu CO C O C, P a(C+S+N) Assign
L2 139 37 0 9 0 2 1 4 0 5  C+SI7)INE) p(S,)+d(Ru)
L+1 -155 2 35 0 0 2 27 3 0 0  CQ)*+S(5)N(IS) #(Phy)+p(C,+N,)
L 207 2 0 0 33 00 0 0 2 0  CEFST)N(IT) T (Fu)+p(CyN,)
H 514 15 8 0 0 0 0 5 0 1  CER7)+S(16)+N(8) p(C,+S,)+d(Ru)
H-1 539 10 37 0 0 0 0 18 0 2  CE+S@N(1) 7(Ph, }+p(O+N,)+d(Ru)
H-2 612 22 12 0 13 2 2 8 1 0 CE#SI9N(IL)  m(Ph+Fu)tp(S,+N,)+d(Ru)
H-3 634 34 11 0 14 6 0 11 0 0  CHSGNA) (Ph,+Fu)+p(O, }+d(Ru)

TABLE S-V. Molecular orbital compositions in the ground state for RuCO(Py)L! (C) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Energy Contribution .
MO v Ru Ph Fu CO C, O, C, Py a(C+S+N) Assign
L2 131 3 0 0 1 0 0 0 s4 C(0)+S(3)+N(0) *(Py)
L+ 158 2 34 0 1 27 4 0 2 C2)+S(5)+N(18) T+ (Phy+p(C+N,)
L 207 1 0 37 0 0 0 27 0 C(7)+S(7)+N(18) T (Fuytp(Co+N,)
H 509 22 16 0 0 0 9 0 0 C(20)+S(12)+N(6) (Ph)+p(C,+S,)+d(Ru)
H-1 550 12 28 0 0 0 12 0 0 C(11)+S(8)N(11) (Ph)+p(0,+C,+N, )+d(Ru)
H-2 610 27 13 16 3 3 5 1 0 C(2)+S(14)N(11) (Ph+Fu)+p(S,+N,)+d(Ru)
H-3 626 42 16 5 6 0 12 0 0 C(0)+S(9)+N(2) 2(Ph)+p(O; y+d(Ru)
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TABLE S-VI. Molecular orbital compositions in the ground state for RuCO(AsPhs)L* (D) at the B3LYP/6-31G(d)-LanL2DZ
level in dichloromethane

MO Energy Contribution Assign

eV Ru Phl Ph(2+3+4) Fu CO Cl 01 C2 CH3 As a(C+S+N)
L+2 125 34 6 0 0 3 5 4 0 0 3 C(2)+S(14)+N(9) p(S,)+d(Ru)
L+1 147 6 28 0 0 1 22 3 0 0 1  C(I)rS(10)+N(16) T*(Phy+p(C+S,+N,)
L 2.07 20 0 3 0 0 0 26 0 0 C(8)+S(7)+N(17) T (Fu)+p(CytN,)
H 509 17 11 0 0 0 0 7 0 0 0  CQHSU5)+N(®T) (Ph,)+p(C,+S,)+d(Ru)
H-1 533 10 34 0 0 0 0 18 0 0 2 C(6)+S(5)+N(10) (Ph, y+p(N,+O,)+d(Ru)
H-2 609 21 9 0 11 3 2 10 1 0 0  CG)*¥SQON(1)  mFu)+p(S,+N,+O,)+d(Ru)
H-3 628 34 14 0 13 6 1 10 0 0 0 C(2)+S(5)+N(5) (Ph,+Fu)+p(O,)+d(Ru)

TABLE S-VII. Molecular orbital compositions in the ground state for RuCO(PPh;)L2 (E) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Contribution .
MO - Energy. eV~ T BL, Phypse Fu CO G, O, C, CH, P a(C+S+N) Assign
L2 128 30 7 5 0 4 6 4 0 0 4 C@Q)+S(12)+N(10) p(S,+N,)+d(Ru)
L1 144 7 28 0 0 0 21 3 0 0 2  C(1)rS(10)+N(16) 0% (Ph ) +p(C+S,N,)
L 204 2 0 0 34 0 0 0 26 0 0  CE+S(N(IT) TH(Fu)+p(Co+N,)
H 509 15 8 0 0 0 0 0 0 1  CQ6+SI7)+N() p(C,+S,)+d(Ru)
H-1 533 11 37 0 0 0 0 19 0 0 2  CAS@ANIL)  m(Ph)+p(O,+N,)+d(Ru)
H2 607 22 9 0 0 3 2 I 0 0 CEW#SQON(I1)  m(Fu)+p(S,+N,+O;}+d(Ru)
H3 628 32 14 0 6 6 1 9 0 0 0  CQRr*SG)NG) (Ph,+Fu)+d(Ru)




SUPPLEMENTARY MATERIAL S 1 63

TABLE S-VIII. Molecular orbital compositions in the ground state for RuCO(Py)L? (F) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Contribution .
MO Energy, eV~ ph Fu CO C, 0O, C, CH; Py a(C+S+N) Assign
L2 128 3 0 0 1 2 0 0 o0 8l C(0)+S(4)+N(0) *(Py)
L+1 147 3 31 0 1 23 3 0 0 7 C(2)+S(8)+N(17) T (Ph)+p(C,+N,)
L 204 1 0 37 0 0 0 27 0 0 C(7)+S(7)+N(18) T+ (Fu)+p(Co+N,)
H 503 23 16 0 0 0 10 0 0 0 C(19)+S(12)+N(6) (Ph)+p(C,+S,+0,)+d(Ru)
H1 544 12 27 0 0 0 13 0 0 0 C(12)+S(8)+N(10) A(Ph)+p(0,+C,+N, +d(Ru)
H2 604 26 9 16 3 3 10 0 C2)+S(16)+N(12) n(Fu)+p(S,+N,)+d(Ru)
H3 618 40 17 6 6 0 11 0 0 0 C(0Y+S(7)+N(2) (Ph)+p(O; )y +d(Ru)

TABLE S-IX. Molecular orbital compositions in the ground state for RuCO(AsPh;)L3 (G) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Energy Contribution )
MO eV Ru Phl Ph(2+3+4) Fu CO Cl Ol C2 OCH3 As a(C+S+N) ASSlgn
) 136 40 0 0 0 2 2 4 0 0 3 CQ2)+S(17)+N(8) p(S,)+d(Ru)
L+1 150 3 30 0 0 2 27 4 0 0 0 C(2)+S(6)+N(18) 7*(Ph,)+p(C,+N,)
L 207 2 0 0 33 0 0 0 26 0 0 C(8)+S(7)+N(17) *(Fu)+p(Co+N,)
H 503 15 35 0 0 0 0 15 0 5 0 C(11)+S(6)+N(3) (Ph,)+p(C,+O,)+d(Ru)
H-1 525 5 15 0 0 0 0 6 0 3 3 C(20)+S(13)+N(12) (Ph,)+p(C,+N,+S,)
H-2 607 12 33 0 1m 1 2 1 1 5 0  CQ)+SO)N(15)  m(Ph+Fu)+p(N,)+d(Ru)
H-3 620 42 10 0 0 5 0 15 0 3 0 C(0)+S(14)+N(0) (Ph,)+p(0,+S,)+d(Ru)
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TABLE S-X. Molecular orbital compositions in the ground state for RuCO(PPh;)L3 (H) at the B3LYP/6-31G(d)-LanL2DZ level in

dichloromethane

Energy Contribution .
MO eV Ru Ph; Phps. Fu CO C, O, C, OCH; P a(C+S+N) Assign
L+2 136 36 0 5 0 2 3 4 0 0 4 C(1)+S(16)+N(8) p(S,)+d(Ru)
L+1 150 4 30 0 0 1 26 4 0 0 1 C(2)+S(6)+N(18) *(Ph, +p(C+N,)
L 204 2 0 0 33 0 0 0 2 0 0 C(8)+S(7)+N(17) T+ (Fuytp(C,+N,)
H 503 14 33 0 0 0 0 14 0 5 0 C(12)+S(7)+N(3) (Phy)+p(0,+C,)+d(Ru)
H-1 522 5 16 0 0 0 0 6 0 3 2 C19+S(13)+N(12) (Ph,)+p(C,+S,+N,)
H-2 604 12 32 0 1m 1 2 2 1 5 0 C(2)+S(10)+N(15) (Ph,+Fu)+p(S,+N,)+d(Ru)
H-3 618 42 12 0 0 5 0 14 0 4 0 C(0)+S(13)+N(0) (P, )+p(0,+S,)+d(Ru)

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

dichloromethane

Energy Contribution .
MO ev Ru Ph Fu CO C, O, C, OCH; Py a(C+S+N) Assign
+2 128 3 0 0 1 1 0 0 0 83 C(0)+S(3)+N(0) *(Py)
L+ 152 3 30 0 1 27 5 0 0 4 C(2)+S(6)+N(18) *(Ph)+p(C,+N,)
L .04 1 0 37 0 0 0 27 0 0 C(7)+S(7)+N(18) T+ (Fu)+p(Co+N,)
H 498 19 29 0 0 0 13 0 4 0 C(13)+S(7)+N(3) 2(Ph)+p(C,+O,)+d(Ru)
H1 53 7 21 0 0 0 6 0 4 0 C(19)+S(12)+N(10) n(Ph)+p(C,+S,+N,)
H2 599 25 27 13 4 2 0 1 5 0 C(0)+S(5)+N(11) (Ph+Fu)+p(N,)+d(Ru)
H3 615 45 6 0 5 0 15 0 1 0 C(0)+S(17)+N(1) p(0,+S,)+d(Ru)
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TABLE S-XII. Molecular orbital compositions in the ground state for RuCO(AsPh;)L* (J) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Energy Contribution

MO eV Ru Naph Phpa, Fu CO C, O, C, As a(C+S+N) Assign

L2 139 40 0 3 0 1 0 4 0 3 C(1)+S(20)N(7) (S, +d(Ru)

L+1 188 0 50 0 0 1 21 0 0 0 C(2)+S(3)+N(16) T (Naph)+p(C,+N,)

L 210 2 0 0 33 0 0 0 26 0 C(7)+S(7)+N(17) T (Fu)+p(CoN,)

H 506 15 50 0 0 0 0 18 0 0 C(6)+S(4)+N(0) (Naph)+p(0,)+d(Ru)
H-1 528 5 12 0 0 0 0 4 0 3  C@25+S(15+N(10) (Naph)+p(C,+S,+N,)+d(Ru)
H-2 601 15 48 0 6 1 0 2 0 0 C(1)+S(5)N(14) (Naph)+p(N,)+d(Ru)
H-3 618 36 6 0 2 5 0 17 0 0 C(0)+S(17)N(2) p(0+S,)+d(Ru)

TABLE S-XIII. Molecular orbital compositions in the ground state for RuCO(PPh;)L* (K) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Contribution .
MO Energy. eV —p ™ Naph Phgisg Fu CO G0, C, P a(C+S+N) Assign
L2 142 36 0 0 0 1 0 3 1 5  C()+S20)N(7) p(S,)+d(Ru)
L+1 1.8 0 50 0 0 1 21 0 0 0  CQFSQ)+N(16) 0+ (Naph)+p(C;+N,)
L 207 20 0 33 0 0 0 26 0  CE+S(7+N(7) T (Fuytp(Co+N,)
H 506 15 49 0 0 0 0 17 0 0  CTHS@+N(O) (Naph)+p(O, )+d(Ru)
H-1 5.5 5 13 0 0 0 0 4 0 2 C@5+S(15+N(10) (Naph)p(C,+S,+N,)
H-2 ~6.01 14 48 0 51 0 1 0 0  C)y+S5)+N(14) (Naph)+p(N,)+d(Ru)
H-3 618 36 6 0 2 4 0 17 0 0  CO)HS(IT+NQ) p(0+S,)+d(Ru)
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TABLE S-XIV. Molecular orbital compositions in the ground state for RuCO(Py)L* (L) at the B3LYP/6-31G(d)-LanL2DZ level in
dichloromethane

Energy Contribution .
MO eV Ru Naph Fu CO C, O, GC, Py a(C+S+N) Assign
L2 131 3 0 0 1 0 0 0 8  C0)+S2)N©O) T (Py)
L+1 ~1.90 1 49 0 1 21 0 0 0  CQH*SGHN(6) *(Naph)+p(C;+N,)
L 207 1 0 3 0 0 0 27 0  C+S(TN(18) *(Fu)+p(Cy+N,)
H 501 20 43 0 0 0 16 0 0  C@8)+S(5)N(0) (Naph)+p(O; y+d(Ru)
H-1 536 6 21 0 0 0 4 0 0  CQ4FS(4)NE) t(Naph)+p(C,+S,)
H-2 596 28 33 9 5 1 0 1 0  CO)M+S@+N(12) a(Naph)+p(N,)+d(Ru)
H-3 615 38 8 I 5 0 16 0 0  COX+SI8)+NQ) p(0,+S,)+d(Ru)

TABLE S-XV. Presentation of the H-L energy gaps (AE / €V) for complexes RuCO(AsPh;)L! (A), RuCO(PPh;)L! (B) and RuCO(Py)L!
(C) at various levels: a — calculated at the B3LYP/6-31G(d)-LANL2DZ level, b — calculated at the PBEIPBE/6-31G(d)-LANL2DZ
level, ¢ — calculated at the M06/6-31G(d)-LANL2DZ level and d — calculated at the B3LYP/def2-SVP level

Level RuCO(AsPh;)L! RuCO(PPh;)L! RuCO(Py)L!
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
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TABLE S-XVI. Presentation of the lowest-lying absorption wavelengths (e / nm) for complexes RuCO(AsPh;)L! (A), RuCO(PPh;)L!
(B), and RuCO(Py)L! (C) at various levels: a — calculated at the TD-CAM-B3LYP/def2-SVP//B3LYP/6-31G(d)-LANL2DZ level, b —
calculated at the TD-CAM-B3LYP/def2-SVP//PBE1PBE/6-31G(d)-LANL2DZ level, ¢ — calculated at the TD-CAM-B3LYP/def2-
SVP//M06/6-31G(d)-LANL2DZ level and d — calculated at the TD-CAM-B3LYP/def2-SVP//B3LYP/def2-SVP level

Level RuCO(AsPh;)L! RuCO(PPh;)L! RuCO(Py)L!
a 485 483 477
b 469 468 466
c 472 467 464
d 486 487 480

TABLE S-XVII. Calculated absorptions of complexes RuCO(AsPh3)L! (A), RuCO(PPh;)L! (B) and RuCO(Py)L! (C) in dichloromethane
medium at the TD-CAM-B3LYP level

Complex States A/nm  Oscillator strength Main configuration Assignments
A Si 485 0.0015 H—L (56 %) Ph,/C,/S,/No/Ru—Fu/C,/S,
IL/MLCT
S4 364 0.0328 H—L+1 (45 %) Ph,/C,/S,/No/Ru—Ph,/C;/N,
IL/MLCT
Sis 280 0.6838 H-4—L (37 %) Ph,/Fu/C,/N;/Ru—Fu/C,/S,
IL/MLCT
Sa 222 0.1503 H—L+6 (17 %) Ph,/C,/S,/No/Ru—Ph,/Phy

IL/LLCT
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TABLE S-XVII. Continued
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Complex States A/nm  Oscillator strength Main configuration Assignments
B S; 483 0.0029 H—-L (77 %) Ph,/S,/C,/Ru—Fu/C,/N,/S,
IL/MLCT
S4 363 0.0328 H—-L+1 (45 %) Ph,/S,/C,/Ru—Ph;/C;/N,
IL/MLCT
Sy 314 0.2307 H-2—L (32 %) Ph;/Fu/0,/S,/C,/N;/Ru—Fu/C,/N,/S,
LL/MLCT
Sis 280 0.7178 H-4—L (39 %) Ph;/Fu/C,/N{/Ny/Ru—Fu/C,/N,/S,
LL/MLCT
S42 222 01945 H—5—>L+1 (10 %) Ph1/Ph2/Ph4/FU/Sa/RU—>Ph1/C1/N2
LL/MLCT
C S; 477 0.0031 H—L (50 %) Ph/C,/S,/Ru—Fu/C,/S,/N,
IL/MLCT
S; 382 0.0319 H—L+1 (73 %) Ph/C,/S,/Ru—Ph/C,/N,
IL/MLCT
So 315 0.2612 H-2—L (28 %) Ph/Fu/C,/S,/Ru—Fu/C,/S,/N,
MLCT
Si6 280 0.2852 H-4—L (41 %) Ph/Fu/C,/S,/Ru—Fu/C,/S,/N,
IL/MLCT
S33 235 0.0674 H-3—L+6 (10 %) S,/0/Ru—CO/C,/Ru
IL/MLCT/MC
Sa1 221 0.3749 H-6—-L+1 (15 %) Ph/S,/N,/Ru—Ph/C;/N,

IL/MLCT
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© (F)

Fig. S-1. The optimized geometric structures of complexes RuCO(AsPh;)L! (A), RuCO(PPh;)L! (B), RuCO(Py)L! (C), RuCO(AsPh;)L2
(D), RuCO(PPh3)L? (E) and RuCO(Py)L2 (F).
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Q) (L)

Fig. S-2. The optimized geometric structures of complexes RuCO(AsPh;)L3 (G), RuCO(PPh;)L3 (H), RuCO(Py)L? (I), RuCO(AsPh;)L* (J),
RuCO(PPh;)L* (K) and RuCO(Py)L* (L).
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Fig. S-3. Simulated absorption spectra in dichloromethane for complexes (a) RuCO(AsPh;)L' (A), (b) RuCO(PPhs)L' (B), and (c)
RuCO(Py)L' (C) at three TD-DFT-PCM/LANL2DZ levels together with the experimental values in parentheses.
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Fig. S-4. Simulated absorption spectra in dichloromethane of complexes RuCO(AsPh;)L! (A), RuCO(AsPh;)L? (D), RuCO(AsPh;)L3 (G)

and RuCO(AsPh;)L* (J) from TD-B3LYP(PCM) calculations.
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Fig. S-5. Simulated absorption spectra in dichloromethane of complexes RuCO(PPh;)L! (B), RuCO(PPh;)L2 (E), RuCO(PPh;)L3 (H) and

RuCO(PPh;)L* (K) from TD-B3LYP(PCM) calculations.
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Fig. S-6. Simulated absorption spectra in dichloromethane of complexes RuCO(Py)L! (C), RuCO(Py)L? (F), RuCO(Py)L3 (I), and
RuCO(Py)L* (L) from TD-B3LYP(PCM) calculations.
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Fig. S-7. The distributions of electrons—holes for the excited states of complex A.

REFERENCES

aja, N. Sathya, C. Jayabalakrishnan, J. Coord. Chem. 64 (2011) 817

1. G. R
2. S. Kannan, M. Sivagamasundari, R. Ramesh, Y. Liu, J. Organomet. Chem. 693 (2008) 2251.



