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Fig.S1: UV-Vis absorption spectra of Cu(I) complexes (Cu-1, 2, 3, and 4) in a). DCM, b). MeCN
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Fig.S2: Experimental UV-Vis absorption spectra in glass cuvette (solid line) and UV-Vis absorption
spectra in DCM given by TD-DFT with FWHM 0.3333 eV (dots) of a). Cu-1, b). Cu-2, c¢). Cu-3 and
d). Cu-4 with corresponding oscillator strength of singlet states calculated out by TD-DFT.
Corresponding oscillator strength of singlet excited states of each complex are summarised in
Table.S2.

Table.S1: UV-Vis absorption spectra peak of Cu(I) complexes in DCM collected by UV-Vis absorption
spectrometer in glass cuvette and Calculated by TD-DFT method

Compound Compound Amax DCM/nm Amaxtoorr DCM/Nm
Number
CuXANT(cBpy) Cu-1 410 444
CuXANT(Me2cBpy) Cu-2 396 433.6
CuPOP(cBpy) Cu-3 414 456

Cu(PPh3)2(cBpy) Cu-4 380 436



Table.S2: Summary of oscillator Strength of Cu(I) complexes in DCM calculated by TD-DFT
method

. Cu-1 Cu-2 Cu-3 Cu-4
Excited . . . )

Oscillator Oscillator Oscillator Oscillator

States Strength Strength Strength Strength

S1 0.10406 0.09796 0.10251 0.09338

S2 0.00715 0.01762 0.00521 0.00598

S3 0.00285 0.00394 0.00245 0.00504

S4 0.00806 0.00661 0.01215 0.00814

S5 2.51E-04 0.0027 0.00116 0.00189
S6 1.27E-04 2.71E-04 6.29E-04 7.04E-05

Based on the oscillator strength given in Table.S2, it could be deduced that the absorption peak in
UV-Vis region is dominated by SO—S1 state transition absorption. The peak energy of UV-Vis
spectra given by TD-DFT is around 0.3-0.4 eV lower than experimental UV-Vis (summarised in
Table.S1) could be attributed to the relatively low Hartree-Fock contribution of the PBEO functional
used in TD-DFT calculation of these complexes.!

Fig.S3: a). LUMO (-1.8083 ¢V) and b). LUMO+1 (-1.7631 V) of 6-cyano-2,2 -bipyridine (cBpy)
molecule together with ¢). LUMO (-1.7289 eV) and d). LUMO+1 (-1.6207 eV) of 4,4'-dimethyl-
6-cyano-2,2'-bipyridine (Me>cBpy) molecule modelled by TD-DFT method.
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Fig.S4: a). the model used for global analysis, and the SAS together with corresponding lifetimes extracted
for TA of b). Cu-1, ¢). Cu-2, d). Cu-3 and ¢). Cu-4 in DCM.
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Fig.S5: a). Sequential model used in global analysis here and EAS extracted from Cu(I) complexes TA
spectra of b). Cu-1, ¢). Cu-2, d). Cu-3 and e). Cu-4 based on sequential model.
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Fig.S6: a). Kinetic model used for global analysis of TA of Cu(I) complexes in DCM and b). energy
level diagram suggested for Cu(I) complexes in DCM. In which each the nature of each excited states
suggested by TD-DFT is given and the energy calculated by TD-DFT for each complex are
summarised in Table.S3. Here the TD-DFT calculation of S1 and TiteTr are done under optimized So

geometry and Tirrar and Tarrar are done under optimized T geometry

Table.S3: Summary of energy of excited states calculated by TD-DFT and corresponding
assignments of each Cu(I) complexes investigated in DCM. Here S; and Ti1etr are calculated under
optimized So geometry and Tircar and Taoriar are calculated under optimized T; geometry.

Fragment analysis of these states are given in Table.S5-S12.

. Cu-1 Cu-2 Cu-3 Cu-4
Excited States .
Assignment Energy Energy Energy Energy
TDDFT
TDDFT/eV TDDFT/eV TDDFT/eV TDDFT/eV

S IMLCT 2.760 2.824 2.695 2.815
TiteTR SMLCTretr 2.442 2.508 2.394 2.502
TorLat SMLCT-apLaT 2.109 2.169 2.071 2121

TirLaT SMLCT-BrLaT 1.238 1.297 1.196 1.229
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Fig.S7: a). Kinetic model used for global analysis of TA of Cu(I) complexes in MeCN and b). energy
level diagram suggested for Cu(I) complexes in MeCN.

For Cu(I) complexes in dichloromethane (DCM) investigated in this research, the kinetic model
used for extracting species associated spectra (SAS) from its corresponding TA is shown in Fig.Séa.
Here the global analysis extracted lifetimes for each state (1,) which relationship between lifetime
and corresponding rate coefficient (k) is also shown in Fig.S6a. In which the first excited state

. . o ren 1 .
decays into the second excited state with lifetime 7; = P second excited populated branch decays
1

into two different excited states with lifetime 1, = L

= and then the third state decays into
k2 kaatkap Y

the forth state with lifetime 73 = ki and the forth state decays into ground state with lifetime 7, =
3

ki. Here the k,, is rate of decay process from 2 to 3 so it is MLCTrerr to *MLCT-0rLat sShown in
4

the energy level diagram in Fig.S6b and k4 is rate of decay process from 2 to 4 so *"MLCTrerr to
SMLCT-BELaT.

For Cu(I) complexes in acetonitrile (MeCN), a sequential model (shown in Fig.S7a) is used for
global analysis. Similar to the condition in DCM, the decay of the second excited state with lifetime

1. . e .
Ty = s also actually branches into two states with kinetic rate coefficient k, = k4 + ko, here
2

ko is the rate coefficient for *"MLCTrerr to *MLCT-arLar and k,p is the rate coefficient for
SMLCTrerr to MLCT-Brrat. In this model, *MLCT-arrar and *MLCT-BrLar are treated as one state

3 because they are populated and decay together and cannot be distinguished so the lifetime of the

state 3 in model 73 = ki is also with ks = ks, + ksp and the ks, represents decay from
3

SMLCT-agLar to ground state, ks p represents decay from SMLCT-BrLar to ground state.



Table.S4: Summary of Lifetimes of corresponding SAS extracted from TA spectra of Cu(l) complexes
in DCM and MeCN investigated in this research.

Compound Number Solvent  1i/ps T2/ps 13/ps Talps

DCM 1.6 27.1 1590.6 +
CU(CBPY)(XANT) CUl o MeoN 45 323 15493 )
Cu(MexBPY)(XANT)  Cu-2 I\[A)Z:C'\:'\I Of 28:: ijig; +_°°
CUBPOR 63l e sar
Cu(cBpy)(PPha); cua DCM 1.7 359  1215.6 +o0

MeCN 4.6 50.4 3648 -

Fig.S8: Ground State Geometries of Cu-1, 2, 3 and 4 suggested by DFT calculation.
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Fig.S9: Electron-Hole density analysis result of Cu-1 in DCM
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Fig.S10: Electron-Hole density analysis result of Cu-2 in DCM
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Fig.S11: Electron-Hole density analysis result of Cu-3 in DCM
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Fig.S12: Electron-Hole density analysis result of Cu-4 in DCM

Fragment Electron-Hole Analysis

To present the electron-hole distribution in excited states of Cu(l) complexes investigated here,
fragment analysis was done by using the Multiwfn software.” The results of fragment analysis is
given in Table.S5-S8 for Cu-1 to Cu-4 based on TD-DFT results under their So geometry and in
Table.S9-S12 is based on TD-DFT results under their T1 geometry, in the scheme where negative
value indicates loss of electron density (or in another word “hole”) compared with ground state and
positive value indicates gain of electron density compared with ground state. The fragment is
separated based on each Cu(I) complex nature, for Cu-1, it is Cu center, Py ring with CN substituent
(Py-CN) and Py ring without CN substituent (Py) and XANT ligand. The rest complexes’ fragments
can also be told from the name used. From this analysis, it is more obvious that the difference
between T and T state is for Ty electron density donated from Cu(I) center (and also amount from
P~P) ligand distributed more equally on both pyridine rings and for T> electron density is majorly
on CN substituted pyridine ring.



Table.S5: Fragment analysis result of Cu-1 based on TD-DFT result under optimized Sy geometry of Cu-
1 complex in DCM suggested by Multiwfn here negative value indicates loss of electron density in excited
state compared with ground state and positive value indicates gain of electron density in excited state. Cu
for Cu(l) center, Py for pyridine ring without CN substituent, Py-CN for pyridine ring with CN substituent.
XANT stands for P*P ligand XANT

Cu-1 Fragment Analysis

Singlet State Triplet State
S1 2.760 eV 449.2 nm Tl 2442eV  507.7nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) -35.52 2.33 9.09 -33.20 1(cy [N 300 114 583N
2 (Py) -2.57 34.28 9.38 31.71 2 (Py) -3.28 28.93 9.73 25.65
3 (Py-CN) -3.16 13.83 3 (Py-CN) -7.55 22.19
4 (XANT) 291 13.08 4 (XANT) 2.88 11.75
S2 2.935eV  422.4nm T2 2.819eV  439.8nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) -35.77 038 370 -35.38 1(co (G062 285 1314 [T
2 (Py) -2.49 12.00 5.47 9.51 2 (Py) -21.44 37.22 28.25 15.78
3 (Py-CN) -3.16 16.60 3(Py-CN)  -11.06 | 523 | 2516 | 4647 |
4 (XANT) 0.44 5.06 4 (XANT) -6.88 2.70 431 -4.18
S3 2.997eV  413.7nm T3 2.853eV  434.6 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) EZE 26 1273 [IE59E2N 1(Cu) -31.35 0.25 2.82 -31.10
2 (Py) -20.00 35.48 26.64 15.49 2 (Py) -5.95 20.70 11.10 14.75
3 (Py-CN) 624 [15922 | 1923 [1'5208 | 3(Py-CN)  -14.65 3391
4 (XANT) -11.63 2.69 5.59 -8.95 4 (XANT) 0.58 5.26
S4 3.217eV  385.4nm T4 2.990eV  414.7nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1 (Cu) EE 262 190 2N 1(Cu) -82 0.68 236 752
2 (Py) -0.28 29.84 2.89 29.56 2 (Py) 39.96 41.13 -2.38
3 (Py-CN) -11.68 064790 2751 | 8341 | 3 (Py-CN) & 48.03 18.81
4 (XANT) -33.19 2.74 9.54 -30.45 4 (XANT) -9.92 101 317 -8.91
S5 3.397eV  365.0nm T5 3.075eV  403.2nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) PSEEE o3 450 |72 1cy [IETEE 260 11.81
2 (Py) -18.46 13.59 15.84 -4.86 2 (Py) -2.09 28.96 7.78 26.87
3 (Py-CN) 54 [NBSEENN 1073 [ERIAN 3(Py-CN)  -11.49 27.42
4 (XANT) -19.43 0.37 2.68 -19.06 4 (XANT) 291 10.04 -31.79
S6 3572eV  347.1nm T6 3.355eV  369.6 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1 (Cu) o o5 395 [ESGEE 1(Cu) -9.13 1.31 3.45 -7.83
2 (Py) -0.93 17.28 4.01 16.35 2 (Py) -1.24 0.87 1.04 -0.37
3 (Py-CN) -14.54 34.54 3 (Py-CN) -0.52 5.95 175 5.43

4 (XANT) 0.40 3.68 4(XANT) [ESSEIINSTEEIN  90.49 2.77



Table.S6: Fragment analysis result of Cu-2 based on TD-DFT result under optimized Sy geometry of Cu-
2 complex in DCM suggested by Multiwfn here negative value indicates loss of electron density in excited
state compared with ground state and positive value indicates gain of electron density in excited state. Cu
for Cu(l) center, Me-Py for methylpyridine ring without CN substituent, Me-Py-CN for methylpyridine
ring with CN substituent. XANT stands for P*P ligand XANT

Cu-2 Fragment Analysis

Singlet State Triplet State
S1 2.824eV  439.0nm T1 2.508eV 4944 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) [T 183 831 [1:3588 1cy  EEEN 273 1067 [NESSIENN
2 (Me-Py) -3.12 40.50 11.24 37.38 2 (Me-Py) -3.96 29.70 10.84 25.75
3 (Me-Py-CN) -5.15 16.84 3 (Me-Py-CN)  -10.62 26.26
4 (XANT) 2.67 12.01 4 (XANT) 2.65 10.74
S2 2.954eV  419.7nm T2 2.854eV  434.4nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) e o 538 [1egedl 1cy RN o036 353 (1887
2 (Me-Py) -2.74 5.01 3.71 2.27 2 (Me-Py) -4.64 17.46 9.00 12.82
3 (Me-Py-CN) -4.84 21.19 3 (Me-Py-CN)  -13.03 32.43
4 (XANT) 1.42 8.88 4 (XANT) 1.48 8.46
S3 3.167eV  391.5nm T3 3.000eV  413.3nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) s o 172 [l 1(Cu) 1.93 ss1 [ESEZE
2 (Me-Py) -19.79 38.89 27.57 18.60 2 (Me-Py) 39.56 34.02 10.31
3 (Me-Py-CN) -43 [B670 | 1562 [5240°7] 3(Me-Py-CN) = -16.48 30.28 39.16
4 (XANT) -16.64 2.58 6.56 -14.06 4 (XANT) -14.05 2.87 6.36 -11.18
sS4 3.421eV  362.4nm T4 3.038eV  408.1nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) ssE o 1154 [EE2EI 1(Cu) 1.40 6.04
2 (Me-Py) 0.6 32.72 4.44 32.11 2 (Me-Py) 36.44 34.44 3.91
3 (Me-Py-CN) <1212 62300 2748 | 5048 | 3 (Me-Py-CN) 45.49 25.99
4 (XANT) -31.98 2,57 9.07 -29.41 4 (XANT) -7.08 1.85 3.62 -5.23
S5 3.490eV  355.3nm T5 3.271eV  379.0 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) PEeEEl o s50  [ESSa 1cyy ST 253 11.38
2 (Me-Py) -17.07 9.64 12.83 -7.43 2 (Me-Py) -1.9 29.24 7.46 27.34
3 (Me-Py-CN) 343 G 1745 [EEZE 3(Me-Py-CN)  -13.95 29.96
4 (XANT) -23.16 111 5.08 -22.05 4 (XANT) 3.87 11.29 -29.12
S6 3.702eV  3349nm T6 3.310eV 3746 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) S o 470 [ESTSSN 1(Cu) -10.79 1.78 438 -9.01
2 (Me-Py) -1.49 12.84 4.38 11.35 2 (Me-Py) -0.81 2.06 1.29 1.25
3 (Me-Py-CN) 1476 [EEEENN 3554 082 3(Me-Py-CN)  -1.68 2.34 1.98 0.66

4 (XANT) -31.33 116 6.02 -30.17 4xanT)  [ESEZIINSEEE 0.0 7.10



Table.S7: Fragment analysis result of Cu-3 based on TD-DFT result under optimized So geometry of Cu-

3 complex in DCM suggested by Multiwfn here negative value indicates loss of electron density in excited

state compared with ground state and positive value indicates gain of electron density in excited state. Cu

for Cu(l) center, Py for pyridine ring without CN substituent, Py-CN for pyridine ring with CN substituent.

POP stands for PAP ligand POP.
Cu-3 Fragment Analysis

Singlet State Triplet State
S1 2.695eV  460.1 nm T1
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1 (Cu) -35.85 2.47 9.40 -33.38 1 (Cu)

2 (Py) -2.98 32.89 9.89 29.91 2 (Py)

3 (Py-CN) -2.94 13.49 3 (Py-CN)
4 (POP) 2.79 12.74 4 (POP)
S2 2.888eV  439.3nm T2
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1 (Cu) -35.72 0.31 335 -35.40 1 (Cu)

2 (Py) -2.76 14.16 6.26 11.40 2 (Py)

3 (Py-CN) -2.87 15.61 3 (Py-CN)
4 (POP) 0.55 5.66 4 (POP)
S3 3.029eV  409.3 nm T3
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1(Cu) [ RO 1302 [IEG0GE 1(Cu)

2 (Py) -19.49 35.46 26.29 15.97 2 (Py)

3 (Py-CN) 700 [18927°0 2051 [15218 3 (Py-CN)
4 (POP) -10.68 2.56 5.23 -8.12 4 (POP)
S4 3.262eV  380.1nm T4
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1(Cu) SN 2o 1104 [ES0EAN 1(Cu
2 (Py) -0.7 30.28 4.60 29.58 2 (Py)

3 (Py-CN) -10.26 25.71 3 (Py-CN)
4 (POP) 2.64 9.72 4 (POP)
S5 3.444eV  360.0 nm T5
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1(cu) EEEN o 440  [NESEESNN 1(cu)
2 (Py) -18.67 14.20 16.28 -4.47 2 (Py)

3 (Py-CN) 564 [N 2183 [EEI 3 (Py-CN)
4 (POP) -16.96 0.52 2.96 -16.45 4 (POP)
S6 3.620eV  342.5nm T6
Fragment Hole/%  Electron/% Overlap/%  Diff/% Fragment
1(cu) [ 361 [IEGESNN 1(cu)
2 (Py) -0.85 17.19 3.82 16.34 2 (Py)

3 (Py-CN) -13.03 32.70 3 (Py-CN)
4(POP) 0.50 434 4 (POP)

2.394eV  517.9nm
Hole/%  Electron/% Overlap/%

3.04 11.19
-3.74 29.97 10.59
-6.10 19.78
2.85 11.82

2.809eV  441.4nm
Hole/%  Electron/% Overlap/%

0.51 4.24

-7.04 20.95 12.14
-12.86 31.62
0.80 5.98

2.851eV  434.9nm
Hole/%  Electron/% Overlap/%

2.57 12.22
-1824 3530 25.37
-11.37 5977 | 2607
-12.32 2.35 5.39

2.985eV 4154 nm
Hole/%  Electron/% Overlap/%

-6.8 0.76 2.27
4311
47.91
-7.89 1.36 3.28

3.124eV  396.9nm
Hole/%  Electron/% Overlap/%

2.74 1177
-2.58 29.40 8.71
-10.6 26.19
3.12 10.66

3.338eV  371.4nm
Hole/%  Electron/% Overlap/%

-6.37 2.08 3.64
-0.57 0.43 0.49
-0.53 0.62 0.57
L R

Diff/%

26.23

Diff/%

13.92

Diff/%
17.07

-9.97

Diff/%
-6.05
-2.15
14.73
-6.53

Diff/%

26.81

Diff/%
-4.28
-0.14
0.09
4.33



Table.S8: Fragment analysis result of Cu-4 based on TD-DFT result under optimized Sy geometry of Cu-
4 complex in DCM suggested by Multiwfn here negative value indicates loss of electron density in excited
state compared with ground state and positive value indicates gain of electron density in excited state. Cu
for Cu(I) center, Py for pyridine ring without CN substituent, Py-CN for pyridine ring with CN substituent.
PPh3-I and PPh3-II indicates the two different PPh; ligand in Cu-4.

Cu-4 Fragment Analysis

Singlet State Triplet State
s1 2.815eV  440.4nm T 25026V 4955 nm
Fragment Hole/% Electron/% Owerlap/% Diff/% Fragment  Hole/% Electron/% Overlap/% Diff/%
1 (Cu) PEEeE 219 804 [E3AEN 1(cu 2N 283 10.92
2 (Py) -2.33 32.91 8.75 30.58 2 (Py) -3.22 27.40 9.40 24.18
3 (Py-CN) -467 6193 1700 | 5727 | 3(Py-CN)  -956 [1166:890 25.29
4 (PPh3-1) -17.71 1.01 422 -1671 4 (PPh3-l) -15.94 1.10 418  -14.84
5 (PPh3-1I) PEEel 196 873 [1586820 5 (PPh3-1l) | -29.13 1.78 719 | -27.36
s2 2.999eV  413.4nm V) 2.913eV  425.6nm
Fragment Hole/% Electron/% Owerlap/% Diff/% Fragment  Hole/% Electron/% Overlap/% Diff/%
1 (Cu) el 035 355  [IE3EiEN 1(cu 297 o036 3.25
2 (Py) -2.38 13.17 5.60 10.79 2 (Py) -9.69 2558 1574 1589
3 (Py-CN) -44 [UgSEONN 1941 el 3(Py-CN) = -1817 072960 36.41 | 54.79
4 (PPh3-1) -17.74 0.18 178 -17.56 4 (PPh3-l)  -13.46 0.32 208  -13.14
5 (PPh3-II) Bl o 528  [ES86IN 5 (Pph3-11) [E28AN 0.79 477 28N
s3 3.131eV  396.0nm 4K] 2.965eV  418.2nm
Fragment Hole/% Electron/% Owerlap/% Diff/% Fragment  Hole/% Electron/% Overlap/% Diff/%
1 (Cu) PEaE 240 1222 578l 1cu 2T 235 11.08
2 (Py) 21999 3584 2677 1585 2(Py) 2232 3661 2859 1428
3 (Py-CN) -422 [5895 | 1577 [Usaqar| 3(Py-CN)  -7.3 5881 | 2063
4 (PPh3-1) -6.25 1.06 258 -5.19 4 (PPh3-l)  -4.65 0.98 2.14 -3.67
5 (PPh3-11) -9.66 1.65 3.99 -8.01 5(PPh3-Il) -1355 175 487  -11.80
sS4 3.373eV  367.6nm T4 3.029eV  409.3nm
Fragment Hole/% Electron/% Owerlap/% Diff/% Fragment  Hole/% Electron/% Overlap/% Diff/%
1 (Cu) Sl oss 1160 |[ESTAON 1(Ccu | -17.93 0.92 407 | -17.01
2 (Py) -0.69 29.83 453 29.14 2 (Py) - 36.77 35.99 154
3 (Py-CN) -12.16 0649200 2809 | 5277 3 (Py-CN) 4731 | 2404
4 (PPh3-1) -28.94 1.07 555 | -27.87 4 (PPh3-l)  -255 047 1.10 -2.08
5 (PPh3-11) -4.28 1.65 2.66 -2.64 5(PPh3-Il)  -751 1.00 2.75 -6.51
S5 3517eV  3525nmm T 3.216eV 3855nm
Fragment Hole/%  Electron/% Ovwerlap/%  Diff/% Fragment ~ Hole/% Electron/% Overlap/% Diff/%
1 (Cu) Sl 036 446  [ESHEGH 1(cu) [E4EEEN 267 1153
2 (Py) -17.83  14.00 1580  -3.83 2 (Py) -1.56 27.46 6.54 25.90
3 (Py-CN) 291 [NgEsN 1572 [ETeAN 3(Py-CN) -1447 6650 3108 | 5228
4 (PPh3-1) -1155 0.17 140  -11.38 4 (PPh3-1) | -28.01 139 623 | -26.63
5 (PPh3-11) -12.59 061 278 -11.97 5 (PPh3-Il)  -6.28 173 3.30 -455
S6 3.732eV  3322nm T6 3.358eV  369.2nm
Fragment Hole/% Electron/% Owerlap/% Diff/% Fragment  Hole/% Electron/% Overlap/% Diff/%
1 (Cu) PE2E o026 371 [ESTE 1 (Cu) -8.03 227 4.27 -5.77
2 (Py) -1.99 16.81 5.78 14.82 2 (Py) -1.04 0.99 1.01 -0.05
3 (Py-CN) 152 [EZAe 3534 6698 | 3(Py-CN)  -149 1.96 171 0.47
4 (PPh3-1) -26.91 0.16 210 | -26.74 4 (PPh3-l)  -8.22 6.16 7.12 -2.06

5 (PPh3-1I) -3.8 058 149 -3.22 5 (Pph3-11) [IESTZZIINEEE2N 8484 7.0



Table.S9: Fragment analysis result of Cu-1 based on TD-DFT result of Cu-1 under T; geometry in DCM
suggested by Multiwfn here negative value indicates loss of electron density in excited state compared
with ground state and positive value indicates gain of electron density in excited state. Cu for Cu(I) center,
Py for pyridine ring without CN substituent, Py-CN for pyridine ring with CN substituent. XANT indicates
XANT ligand in Cu-1.

T1 1.238eV  1001.5nm
Fragment Hole/%  Electron/% Overlap/% Diff/%
1(Cu) Egs Y 510 15.29
2 (Py) -9.57 33.54 17.92 23.96
3 (Py-CN) -11.62 2573 | 4534
4 (XANT) 4.40 12.04 -28.56
T2 2109eV  587.9nm
Fragment Hole/%  Electron/% Overlap/% Diff/%
1cu [0S oe0 42 [NESSG2N
2 (Py) -7.74 13.46 10.21 5.72
4 (XANT) 1.39 7.52
T3 2.568eV  482.8 m
Fragment Hole/%  Electron/% Overlap/% Diff/%
1 (Cu) PSS 458 15.97
2 (Py) -14.14 38.05 23.19 23.91
3 (Py-CN) 388 | 5270 | 1431 | 4882
4 (XANT) -26.20 4.68 11.07 -21.53
T4 2599eV  477.0 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/%
1 (Cu) -18.56 2.66 7.03 -15.90
3 (Py-CN) 45.76 12.68
4 (XANT) -5.69 3.83 4.67 -1.86
T5 2.868eV  432.3nm
Fragment Hole/%  Electron/% Overlap/%  Diff/%
1(Cu) 3.90 13.24 -
2 (Py) 18.92
3 (Py-CN) 20.18 23.25
4 (XANT) 16.87 24.42 -18.46
T6 2.975eV 416.8 nm
Fragment Hole/%  Electron/% Overlap/%  Diff/%
1 (Cu) 3.71 11.61
2 (Py) -12.47 27.92 18.66 15.46
3 (Py-CN) -11.47 28.51 18.08 17.04

4(xanT)  [SOVGNNITT9861 1 3981 0.0



Table.S10: Fragment analysis result of Cu-2 based on TD-DFT result of Cu-2 under T; geometry
in DCM suggested by Multiwfn here negative value indicates loss of electron density in excited
state compared with ground state and positive value indicates gain of electron density in excited
state. Cu for Cu(l) center, Py for pyridine ring without CN substituent, Py-CN for pyridine ring
with CN substituent. XANT indicates the XANT ligand in Cu-2.

T1 1.297eV 9559 nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1(Cu) B9 461 14.55
2 (Me-Py) -10.14 37.75 19.57 27.60
3 (Me-Py-CN) -11.36 2467 | 4221
4 (XANT) 4.08 11.53 -28.49
T2 2.169eV 571.6 nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1 (Cu) 2N os7 6.01
2 (Me-Py) -7.67 9.47 8.52 1.79
3 (Me-Py-CN) &- 31.61 -
4 (XANT) 2.03 8.95
T3 2.566 eV 483.2 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1 (Cu) -18.03 2.52 6.74 -15.51
2 (Me-Py) _ 42.90 6.43
3 (Me-Py-CN) 40.94 13.07
4 (XANT) -7.23 3.24 4.84 -3.99
T4 2.616 eV 473.9nm
Fragment Hole/%  Electron/% Overlap/%  Diff/%
1 (Cu) 3.93 14.33
2 (Me-Py) -15.78 25.15 24.30
3 (Me-Py-CN) -10.53 2338 | 4135
4 (XANT) -21.36 4.10 9.36 -17.25
TS 2910eV  426.1 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1 (Cu) 22N a2 13.35
2 (Me-Py) -6.37 27.48 13.23 21.11
3 (Me-Py-CN) -9.53 22.74 14.72 13.21
4(XANT)  [IS4189° 4556 @ 4368 3.67
T6 2978eV  416.3nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1 (Cu) s 364 1234 153819
2 (Me-Py) -8.9 25.06 14.93 16.16

3 (Me-Py-CN) -10.92 19.34 23.35
4 (XANT) 37.68 1.32



Table.S11: Fragment analysis result of Cu-3 based on TD-DFT result of Cu-3 under T
geometry in DCM suggested by Multiwfn here negative value indicates loss of electron density
in excited state compared with ground state and positive value indicates gain of electron density
in excited state. Cu for Cu(I) center, Py for pyridine ring without CN substituent, Py-CN for
pyridine ring with CN substituent. POP indicates the POP ligand in Cu-3.

T1 1.196 eV 1036.7 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1(Cu) N4e8 5.8 15.22
2 (Py) -9.70 34.14 18.20 24.43
3 (Py-CN) -11.23 25.12
4 (POP) 4.50 12.44
T2 2.071eV  598.7 nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1 (Cu) 153940 063 5.00
2 (Py) -7.66 12.47 9.78 4.81
3 (Py-CN) -10.92 30.52
4 (POP) 157 8.13
T3 2.531eV  489.9 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1(Cu) A5 466 15.87
2 (Py) -14.11 38.29 23.24 24.18
3 (Py-CN) 467 | 5226 | 1562 | 4759 |
4 (POP) -27.17 4.79 11.41 -22.38
T4 2594 eV 478.0 nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1(Cu) -18.81 2.69 7.12 -16.12
3 (Py-CN) 43.30 13.31
4 (POP) -7.29 3.96 5.37 -3.33
TS 2.829eV  438.3nm
Fragment Hole/%  Electron/% Overlap/%  Diff/%
2 (Py) -8.20 20.31
3 (Py-CN) -10.18 23.00 15.30 12.82
4 (POP) 1198920 2336 3020  -1593
T6 2.951eV  420.1 nm
Fragment Hole/% Electron/% Overlap/%  Diff/%
1 (Cu) 3.80 1200 [=3410
2 (Py) 21.49 19.83
3 (Py-CN) 24.45 27.89
4 (POP) 26.48 -13.62



Table.S12: Fragment analysis result of Cu-4 based on TD-DFT result of Cu-4 under T
geometry in DCM suggested by Multiwfn here negative value indicates loss of electron density
in excited state compared with ground state and positive value indicates gain of electron
density in excited state. Cu for Cu(l) center, Py for pyridine ring without CN substituent, Py-
CN for pyridine ring with CN substituent. PPh3-I and PPh3-II indicates the two different PPh;
ligands in Cu-4.

T1 1.229 eV 1008.8 nm
Fragment Hole/% Electron/% Ovwerlap/% Diff/%
1 (Cu) P58 5024 15.49
2 (Py) -9.52 33.34 17.82 23.82
3 (Py-CN) -1191 | 5669 | 2599 | 4478
4 (PPh3-I) -15.53 1.65 5.07 -13.88
5 (PPh3-11) -17.21 3.08 7.28 -14.14
T2 2.121eV 584.6 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1 (Cu) L 4.65
2 (Py) -7.73 14.00 10.40 6.27
3 (Py-CN) -1159 8383 | 3117 [ 7225
4 (PPh3-I) -18.31 0.19 1.85 -18.13
5 (PPh3-11) -21.50 1.45 5.58 -20.05
T3 2.615eV 474.1nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1 (Cu) BT 240 14.19
2 (Py) -22.23 40.99 30.19 18.75
3 (Py-CN) 899 | 4975 2115 | 40.76
4 (PPh3-1) -1.38 1.55 1.46 0.17
5 (PPh3-11) -21.62 3.32 8.47 -18.31
T4 2.633eV 4709 nm
Fragment Hole/% Electron/% Ovwerlap/% Diff/%
1 (Cu) -24.90 2.93 8.55 -21.97
2 (Py) - 39.78 36.05 7.12
3 (Py-CN) 43.92 17.78
4 (PPh3-I) -1.23 1.22 1.23 -0.01
5 (PPh3-11) -5.29 2.36 3.53 -2.92
T5 2.902eV 427.2nm
Fragment Hole/% Electron/% Ovwerlap/% Diff/%
1 (Cu) 5.10 14.48
2 (Py) -9.15 20.99 38.97
3 (Py-CN) -10.16 17.63 13.38 7.47
4 (PPh3-I) -23.17 20.37 21.73 -2.80
5 (PPh3-11) -16.43 8.77 12.00 -7.66
T6 3.078eV 402.8 nm
Fragment Hole/% Electron/% Overlap/% Diff/%
1 (Cu) s 593 15.71
2 (Py) -6.35 18.46 10.83 12.11
3 (Py-CN) -9.37 17.22 12.70 7.84

4 (PPh3-I) -28.13 4950 | 3731 2137
5 (PPh3-11) -14.50 8.90 1136  -5.60



Sy, N-Cu-N plane and P-Cu-P plane T,, N-Cu-N plane and P-Cu-P plane
angle:88.00°

angle:61.97°

(©

(d)

Fig.S13: Optimized ground state (So) geometry (a) and the first triplet excited state (Ti)
geometry (b) of Cu-1 cation in DCM optimized by Gaussian Calculation together with

comparison of Sy (orange) and T, (cyan) geometry (c, d).

Cartesian Co-ordinates (XYZ format) of Sy state of Cu-1.
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Sy, N-Cu-N plane and P-Cu-P plane T,, N-Cu-N plane and P-Cu-P plane
angle: 81.93° angle:61.75°

(© (d)

Fig.S14: Optimized ground state (So) geometry (a) and the first triplet excited state (Ti)
geometry (b) of Cu-2 cation in DCM optimized by Gaussian Calculation together with

comparison of Sy (orange) and T, (cyan) geometry (c, d).

Cartesian Co-ordinates (XYZ format) of Sy state of Cu-2.
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Sy, N-Cu-N plane and P-Cu-P plane T,, N-Cu-N plane and P-Cu-P plane
angle: 88.45° angle: 63.87°

Fig.S15: Optimized ground state (So) geometry (a) and the first triplet excited state (Ti)
geometry (b) of Cu-3 cation in DCM optimized by Gaussian Calculation together with
comparison of Sy (orange) and T, (cyan) geometry (c, d).
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So, N-Cu-N plane and P-Cu-P plane T,, N-Cu-N plane and P-Cu-P plane
angle: 78.76°

angle: 59.56°

Fig.S16: Optimized ground state (So) geometry (a) and the first triplet excited state (Ti)
geometry (b) of Cu-4 cation in DCM optimized by Gaussian Calculation together with

comparison of Sy (orange) and T, (cyan) geometry (c, d).

Cartesian Co-ordinates (XYZ format) of Sy state of Cu-4.
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-1.22796 4.158556 -2.47428
121215  6.0552 -0.84857
0.040838 5.839716 1.291744
1.244605 3.740706  1.82749
-0.14557 0.436514 2.668645
0245214 0563412 5.111882
2419245 142216 5.983552
4187083 2.160784 4.394261
3794362  2.04145 1.948572
0557493 -2.32019 0.985153
1473521 -1.75922 -1.46061
CA7H37CuN3P2(1+)
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Cartesian Co-ordinates (XYZ format) of T, state of Cu-4.
C -1.4563  4.58447 0.903743

C -0.54357 5.007086  1.84383
C 0.612479 4.232804 2.086274
C 0.776237 3.070161 1.3654
C -1.23169 3.385498 0.189446
C -2.10307 2.850026 -0.81305
C -244905 1107076 -2.36681
C -3.58543 1.702918 -2.86884
C -4.02144 2918462 -2.29265
C -3.26516 3.484687 -1.28461
Cu -0.18716 0.836703 -0.41044

2.048475 0.143172 -0.36943
3.181033 1.465557 -0.90474
4568002 1.265222  -0.8426
5432031 2251906 -1.3061

OO0 0O o
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4.920208
3.542957
2.671275
2.376267
3.293787
3.525783
2.854978
1.952525

171431
2.629459

3.31382
3.605636
3.224929
2.556699
2.256508
-3.08646
-1.33674
-3.63534
-4.96005

-5.7379

-5.1945
-3.87393
-0.71935
-0.37332
0.153732
0.348308

0.00105
-0.53431
-1.41233
-0.43405
-0.47242
-1.49017
-2.47278
-2.44021
-1.96427
-1.55414
-2.35636
-0.71522
1.363173

1.65525
-4.11978
-4.92346

-3.5634
4.974536

3.435756
3.631303
2.648194
-1.21395
-2.23845
-3.21893
-3.17822
-2.14884
-1.16871
-0.40701
0.464372
0.071463
-1.19014
-2.06582
-1.67741
-1.06735
-1.06892
-2.06791
-1.96752
-0.87508
0.11948
0.027632
-2.716452
-3.18428
-4.458
-5.31374
-4.90001
-3.63081
-0.78008
0.003111
0.217397
-0.35116
-1.13074
-1.34286
-0.09813
-1.05957
5.168638
5.932807
4.533347
2.442069
1.236799
3.410628
4441757
0.337156

-1.84277
-1.91855
-1.45098
-1.53621
-1.27576
-2.23786
-3.46034
-3.72759
-2.76885
1.261664
2.119827
3.425129

3.88094
3.025041
1.723447
-0.05014
0.452601
-0.85697
-1.28149
-0.90258
-0.08652
0.337444

0.22732
-1.06499
-1.26497
-0.18116
1.105371
1.313238
2.250914
2.872684
4.248832
5.012008
4.397815
3.022535
-2.96321
-3.46984
0.711709
2.396633
2.817301
1.521795
-3.69655
-2.65707
-0.85488
-0.43259



6.511575 2.095149 -1.25258
5602031 4.207693 -2.20682
3.140301 4553749 -2.34224
1592172 2.806963 -1.50781
3.826267 -2.27928 -0.32374
4236789 -4.02112 -2.02867
3.036741 -3.95324 -4.20841
1418423 -2.11281 -4.67921
0996833 -0.37313 -2.98143
3.633298 1.448808 1.770525
413905 0.757116 4.086928
3453376  -1.4932 4.905043
2258049 -3.05754 3.371796
17239 -2.36787 1.068306
-3.0316 -2.92508 -1.16089
-5.38394 -2.75123 -191315
-6.77377 -0.79844 -1.24077
-5.80102 0.975881 0.215605
-3.45289 0.812104  0.9716
-0.51629 -2.52055  -1.9201
042425 -4.77455 -2.27422
0773477 -6.30757 -0.33871
0150293 -5.56813 1.956486
-0.78837 -3.30839 2.324725
0.369559 0.447648 2.285628
0297322 0.831962 4.720119
-1.52303 -0.18383 6.091008
327311 -157419 4.994296
321743 -1.94478 2.545867
-0.10597 2.645727 0.445868
-1.72773 1623426 -1.32684
CA7H37CuN3P2(1+)

Z2 Z2Z I I I I IIIIIIIIIIIIIIIIIIIIIIIIT

Reference

1 Q. Li, S. Xu, J. Wang, H. Xia, F. Zhao and Y. Wang, Int. J. Quantum. Chem., 2014, 114,
1685-1691.
2 T. Lu and F. Chen, J. Comput. Chem., 2012, 33, 580-592.



