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Table S1: The B3LYP/6-31G(p,d)[LanL2DZ] calculated IR and Raman vibrational wavenumbers (all in cm−1) and assignments of the 

vibrational bands of the [Co(bpy)3]2+ and [Co(bpy)3]3+ complexes in the gas phase and in acetonitrile medium. The experimental 

vibrational frequencies [49] listed here are all reported for the [Co(bpy)3]Cl2 complex in the solid state (I° is the intensity of the peaks).

Gas Phase Acetonitrile
Co (II)-complex Co (III)-complex Co (II)-complex Co (III)-complexAssignment a

Experiment 
IR peaks for 

[Co(bpy)3]Cl2 
ν, (I°) ν (IR) ν (Raman) ν (IR) ν 

(Raman) ν (IR) ν (Raman) ν (IR) ν 
(Raman)

139.06 161.16 194.15 260.73 138.45 160.83 194.84 219.69
161.16 162.82 294.08 160.83 163.71 451.29 222.22
162.82 205.20 374.35 163.71 245.02 479.58 238.12
205.20 379.60 211.54 249.90 240.04

259.73 262.79
283.22
284.31
295.53
376.40
377.69
381.87

N-Co-N 
bending

382.14
206.47 248.11 442.03 442.03 205.67 205.67 441.29 441.29
216.04 249.69 442.03 504.79 206.28 206.28 442.41 442.41

260.69 493.96 493.96
494.73 494.73
509.05 509.05

N-Co-N 
bending

509.42 509.42
277.24 397.10 277.68 277.68 402.98 402.98
278.09 397.77 278.23 278.23 404.26 404.26ν Co-N 

stretching 359.21
358.29 672.81 672.81 362.30 674.91 674.91
358.64 676.20 676.20 675.16 675.16
361.67 679.73 698.85 676.32 679.38

698.85 679.38 702.36
684.37 703.00
702.36

in-plane 
ring C-H 
bending

703.00
435.91 472.41 755.95 781.84 431.76 577.90 758.37 761.19
436.39 472.64 760.53 785.53 436.43 578.68 761.19 763.23
438.17 577.81 781.84 436.54 580.38 763.23 777.34
467.79 578.18 437.37 777.34 779.37
468.11 580.82 470.23 779.37 782.76

out-of-plane 
ring C-H 
bending

In-plane 
C-C-N,C-C-C

bending

470.63
659.10 659.10 790.98 790.98 659.89 659.89 793.87 793.87
659.28 659.28 791.15 791.15 660.32 660.32 794.86 794.86
660.31 678.44 661.07 661.07 794.94 794.94
680.42 678.55 678.64 678.64
681.19 681.19 679.91 678.69
681.55 681.55 681.93 681.93

φ (C-C), 
φ (C-N)
torsion

737 (70)

682.19 682.19
symmetric 

Co-N 
stretching
(breathing)

680.89 693.42 681.59 696.86
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767.95 771.60 809.92 810.93 767.99 768.84 796.51 796.51
769.77 771.96 810.93 811.01 768.84 770.96 798.05 798.05
769.98 773.71 811.01 771.45 791.85 799.58 799.58
771.60 772.02 792.44 935.99
771.96 791.85 941.43

γ C-H
in-plane 

C-H 
bending

792.44
765 (29) 791.07 791.07 1037.91 1038.22 791.91 791.91 1044.69 1044.69

791.23 791.23 1038.22 1060.52 791.99 791.99 1044.85 1044.85
791.68 1060.52 1063.33 792.36 792.36 1045.46 1045.46

1082.98 1082.98 792.54 792.54

in-plane 
ring bending

1084.52 1084.52
908 (21) 801.30 801.57 853.54 1065.31 1065.31
778 (100) 801.57 802.15 930.22

802.15 939.00 937.16
942.68 942.68

γ C-H
in-plane 
C-C-H 
bending

943.37 943.37
1018 (71) 1026.95 1026.95 1098.88 1098.88 1028.70 1028.70 1065.57 1065.57

1027.14 1027.14 1100.67 1100.67 1029.07 1029.07 1065.91 1065.91
1028.82 1040.85 1109.08 1152.87 1030.48 1030.48 1067.80 1067.80
1040.85 1041.29 1152.33 1234.28 1042.51 1042.51 1085.92 1068.26
1041.29 1045.45 1234.28 1042.60 1042.60 1086.52 1085.92

1234.63 1045.86 1087.65 1086.52

in-plane ring 
and C-H 
bending

1242.53 1087.65
1062 (32) 1076.15 1077.15 1075.96 1093.11 1102.07 1102.07
1040 (14) 1093.58 1093.58 1076.84 1093.48 1104.36 1104.36

1093.75 1093.75 1077.02 1093.88 1105.28 1105.28
1094.10 1094.10 1093.11 1109.51 1109.51

1093.48 1111.36 1111.36

in-plane ring 
bending

1093.88 1111.91 1111.91
1100 (26) 1147.60 1147.60 1306.71 1306.71 1146.12 1146.12 1153.70 1153.70

1147.82 1147.92 1310.55 1313.22 1146.39 1146.39 1154.28 1154.28
1313.22 1315.11 1146.64 1146.64 1156.14 1156.14

in-plane ring 
and C-H 
bending

1315.11 1173.34
1179 (30) 1162.67 1227.09 1365.05 1380.65 1161.70 1161.70 1225.14 1225.14
1160 (47) 1162.86 1227.63 1366.04 1381.00 1161.90 1161.90 1225.73 1225.73

1163.63 1227.82 1368.60 1381.69 1162.49 1219.63 1226.44 1226.44
1227.09 1238.78 1380.65 1219.63 1219.99 1234.35 1234.35
1227.63 1238.95 1381.00 1219.99 1220.79 1234.85 1234.85
1227.82 1239.50 1220.79 1230 71 1237.53 1237.53
1238.78 1230.71 1231.32

in-plane C-H 
bending

1238.95 1231.32
1490 (30) 1307.99 1307.99 1485.33 1482.69 1308.27 1308.27 1308.87 1308.87
1470 (39) 1308.15 1308.15 1486.13 1485.33 1308.42 1308.42 1311.96 1311.96
1442 (75) 1309.12 1309.12 1502.63 1486.13 1308.91 1308.91 1314.62 1314.62
1312 (45) 1315.51 1315.51 1502.73 1516.80 1314.88 1314.71 1316.16 1316.16
1284 (11) 1315.65 1315.65 1503.68 1517.47 1334.96 1314.88 1319.84 1319.84
1249 (20) 1361.85 1319.05 1510.73 1544.79 1361.62 1318.38 1341.12 1327.36
1230 (17) 1361.94 1333.90 1516.80 1546.53 1362.56 1334.37 1345.23 1341.12

1362.92 1334.28 1517.47 1547.26 1363.20 1334.96 1345.69 1345.23
1363.62 1335.56 1546.53 1610.65 1364.07 1335.94 1366.96 1345.69
1363.86 1361.85 1547.26 1610.85 1365.98 1361.62 1369.54 1366.96
1364.49 1361.94 1610.85 1611.06 1366.08 1362.56 1371.47 1369.54
1482.01 1362.92 1611.06 1643.32 1482.75 1363.20 1383.90 1383.90
1482.24 1363.62 1643.32 1643.59 1482.85 1364.07 1384.75 1384.75
1497.53 1363.86 1643.59 1643.87 1496.38 1365.98 1390.23 1390.23
1497.62 1364.49 1643.87 1644.11 1496.67 1366.08 1485.49 1485.49

ν C-C, ν C-N
stretching

and in-plane 
C-H bending

1497.86 1480.60 1645.43 1645.43 1515.01 1480.96 1488.73 1488.73



1514.63 1482.01 1645.60 1645.60 1518.34 1482.75 1490.04 1490.04
1517.26 1482.24 1536.52 1482.85 1503.53 1503.53
1517.39 1497.53 1537.24 1518.34 1504.31 1504.31
1537.41 1497.62 1537.53 1536.52 1504.61 1520.51
1537.50 1497.86 1537.24 1514.57 1522.08

1514.63 1537.53 1520.51 1548.96
1517.26 1522.08 1551.12
1517.39 1548.96 1552.99
1536.72 1551.12
1537.41 1552.99
1537.50
1614.45

1570 (26) 1614.65 1614.65 1615.78 1615.51 1616.68 1616.68 
1614.75 1614.75 1615.85 1615.78 1616.93 1616.93
1622.90 1624.25 1615.85 1617.32 1617.32
1623.02 1624.32 1621.81 1621.81
1623.97 1624.62 1622.19 1622.19

1622.57 1651.40
1651.40 1651.92
1651.92 1652.74
1652.74 1653.17
1653.17 1654.63
1654.63 1654.90

ν C-C, ν C-N
Stretching

1654.90
1600 (72) 1642.99 1642.99 1644.39 1644.39 

1643.23 1643.23 1644.68 1644.68
1643.30 1643.30 1644.95 1644.95
1645.87 1646.94 1647.31 1647.31
1646.94 1646.98 1648.19 1648.19

ν C-C
Stretching

1646.98 1648.46 1648.46
3233.01 3233.01 3241.95 3240.34  3234.31 3234.31 3248.72 3248.72 
3233.07 3233.07 3242.38 3240.69 3234.33 3234.33 3249.52 3249.52
3233.17 3233.17 3242.42 3240.72 3234.52 3234.52 3249.79 3249.79
3242.24 3234.36 3250.26 3241.95 3235.56 3235.56 3250.77 3250.77
3250.15 3234.39 3250.47 3242.38 3235.71 3235.71 3250.83 3250.83
3250.44 3234.49 3250.56 3242.42 3235.97 3235.97 3251.22 3251.22
3250.80 3242.01 3257.37 3250.26 3247.04 3247.04 3291.50 3262.63
3256.61 3242.05 3257.74 3250.47 3247.42 3247.42 3294.54 3262.73
3256.80 3242.24 3257.77 3250.56 3247.66 3247.66 3297.28 3265.40
3259.01 3243.29 3263.74 3253.97 3248.69 3248.69 3299.50 3265.50

3243.47 3263.80 3245.37 3248.84 3248.84 3302.05 3266.33
3243.64 3263.93 3245.41 3248.88 3248.88 3314.24 3267.59
3250.15 3257.37 3253.27 3253.27 3269.14
3250.44 3257.74 3254.82 3254.82 3269.22
3250.80 3257.77 3255.07 3255.07 3271.62
3256.61 3263.74 3261.87 3261.87 3276.98
3256.80 3263.80 3261.94 3261.94 3277.69
3256.95 3263.93 3262.16 3262.16 3278.05
3258.70 3289.52 3263.40 3263.40 3291.50
3258.82 3290.10 3263.70 3263.70 3294.54
3264.45 3290.26 3263.88 3263.88 3297.28
3264.63 3290.45 3267.80 3267.80 3299.50
3264.94 3291.30 3267.98 3267.98 3302.05

ν C-H
Stretching

3292.10 3268.64 3268.64 3314.24
a For the notations and assignments see Ref. [53]


