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Fig. S1. 1H NMR spectrum of 1. (500 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = residual acetone-d5; 
** = H2O and HOD.

Fig. S2. 13C{1H} NMR spectrum of 1. (126 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = acetone-d6.

Fig. S3. HMQC spectrum of 1. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.
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Fig. S4. HMBC spectrum of 1. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.
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Fig. S5. 1H NMR spectrum of 2. (500 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = residual acetone-d5; 
** = H2O and HOD.
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Fig. S6. 13C{1H} NMR spectrum of 2. (126 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = acetone-d6.

Fig. S7. HMQC spectrum of 2. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.

Fig. S8. HMBC spectrum of 2. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.
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Fig. S9. 1H NMR spectrum of 3. (500 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = residual acetone-d5; 
** = H2O and HOD.

Fig. S10. 13C{1H} NMR spectrum of 3. (126 MHz, 298 K, acetone-d6). Scale given in δ / ppm. * = acetone-d6.

Fig. S11. HMQC spectrum of 3. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.
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Fig. S12. HMBC spectrum of 3. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 13C{1H}) or 
residual acetone-d5 (in 1H); ** = H2O.
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Fig. S13. 1H NMR spectrum (500 MHz, 298 K, CD2Cl2) of [Cu(POP)(1)][PF6]. Scale given in δ / ppm. * = residual CHDCl2.
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Fig. S14. HMQC spectrum of [Cu(POP)(1)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, CD2Cl2). * = CD2Cl2 (in 13C{1H}) or 
residual CHDCl2 (in 1H).

Fig. S15. HMBC spectrum of [Cu(POP)(1)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, CD2Cl2). * = CD2Cl2 (in 13C{1H}) or 
residual CHDCl2 (in 1H).
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Fig. S16. 1H NMR spectrum (500 MHz, 298 K, CD2Cl2) of [Cu(xantphos)(1)][PF6]. Scale given in δ / ppm. * = residual 
CHDCl2.

 

Fig. S17. HMQC spectrum of [Cu(xantphos)(1)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, CD2Cl2). * = CD2Cl2 (in 
13C{1H}) or residual CHDCl2 (in 1H).
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Fig. S18. HMBC spectrum of [Cu(xantphos)(1)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, CD2Cl2). * = CD2Cl2 (in 
13C{1H}) or residual CHDCl2 (in 1H).

Fig. S19. 1H NMR spectrum (500 MHz, 298 K, acetone-d6) of [Cu(POP)(2)][PF6]. Scale given in δ / ppm. * = acetone-d5. ** 
= H2O and HOD. § = CH2Cl2.
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Fig. S20. HMQC spectrum of [Cu(POP)(2)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 
13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD. § = CH2Cl2.

Fig. S21. HMBC spectrum of [Cu(POP)(2)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 
13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD. § = CH2Cl2.
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Fig. S22. 1H NMR spectrum (500 MHz, 298 K, acetone-d6 of [Cu(xantphos)(2)][PF6]. Scale given in δ / ppm. * = acetone-
d5. ** = H2O and HOD. § = CH2Cl2.

Fig. S23. HMQC spectrum of [Cu(xantphos)(2)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 
(in 13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD.  § = CH2Cl2.
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Fig. S24. HMBC spectrum of [Cu(xantphos)(2)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 
(in 13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD.  § = CH2Cl2.  
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Fig. S25. 1H NMR spectrum (500 MHz, 298 K, acetone-d6) of [Cu(POP)(3)][PF6]. Scale given in δ / ppm. * residual 
acetone-d5. § = CH2Cl2. ** = H2O and HOD. The sample also contains a small amount of Et2O.
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Fig. S26. HMQC spectrum of [Cu(POP)(3)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 
13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD. § = CH2Cl2. The sample also contains a small amount of 
Et2O.
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Fig. S27. HMBC spectrum of [Cu(POP)(3)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 (in 
13C{1H}) or residual acetone-d5 (in 1H). ** = H2O and HOD. § = CH2Cl2. The sample also contains a small amount of 
Et2O.
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Fig. S28. 1H NMR spectrum (500 MHz, 298 K, acetone-d6) of [Cu(xantphos)(3)][PF6]. Scale given in δ / ppm. * = residual 
acetone-d5. ** = H2O.

Fig. S29. HMQC spectrum of [Cu(xantphos)(3)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 
(in 13C{1H}) or residual acetone-d5 (in 1H). ** = H2O.
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Fig. S30. HMBC spectrum of [Cu(xantphos)(3)][PF6]. (500 MHz 1H, 126 MHz 13C{1H}, 298 K, acetone-d6). * = acetone-d6 
(in 13C{1H}) or residual acetone-d5 (in 1H). ** = H2O.

Table S1. Excited state lifetimes from a biexponential fita of the [Cu(N^N)(P^P)][PF6] complexes as powders.a

Complex Cation 1 / s𝜇 A1 2 / s𝜇 A2 <> / s𝜇
[Cu(1)(POP)][PF6] 12 0.89 1.6 0.08 11.1

[Cu(1)(xantphos)][PF6] 14 0.87 1.7 0.09 12.8
[Cu(2)(POP)][PF6] 18.7 0.90 0.9 0.05 17.8

[Cu(2)(xantphos)][PF6] 11.3 0.75 2.2 0.19 9.5
[Cu(3)(POP)][PF6] 4.3 0.70 1.7 0.27 3.5

[Cu(3)(xantphos)][PF6] 10.5 0.86 2.2 0.11 9.6

a The excited state lifetime <> is calculated from the equation  where is the pre-exponential factor of the lifetime ∑𝐴𝑖𝜏𝑖/∑(𝐴𝑖) 𝐴𝑖 𝜏𝑖.
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