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Emission spectrum of [Cu(IPr)(bpy)][PF¢]
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Figure S1. Emission spectrum of [Cu(IPr)(bpy)][PFs] recorded at 298 K (A, = 365 nm).



Synthesis and NMR spectra

General considerations

Synthesis: All the commercially available compounds were purchased from the supplier and used
without further purification. All the reactions were performed under dry argon atmosphere, using
standard Schlenk technique. Purchased solvents were degassed bubbling Ar directly in bulk. 'H, 13C, 3'P
and '"F NMR spectra were recorded at 298 K on 500 MHz and 600 MHz Briiker spectrometers. The
spectra are reported in the following format: multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; qui,
quintet; sex, sextet; sept, septet; m, multiplet), coupling constant(s) (/) in Hertz (Hz), integration. The
prefix “br” is occasionally used in case of broad signals. HRMS were performed by LCMT analytical

service. 2,2’- bipyridine was commercially available and purchased from Sigma-Aldrich.

Synthesis of the [AgCI(IPr)] precursor.

General procedure: In an anhydrous and degassed Schlenk flask, 1,3-bis(2,6-di-iso-propylphenyl)
imidazolium chloride salt (1 eq.) and Ag,O (0.65 eq.) were suspended together in anhydrous and
degassed dichloromethane and stirred overnight at room temperature. The reaction mixture was filtered
through a pad of diatomaceous earth and the filtrate was concentrated under reduced pressure. The
addition of n-pentane caused the precipitation of the product, which was collected by filtration and then

dried in vacuum.

[AgCI1(IPr)] (1,3-bis(2,6-di-S-propylphenyl)imidazol-2-ylidene) silver chloride

S5

Ag/\

CI

Following the general procedure, the product was obtained with 88 % yield. '"H NMR (CDCl;, 500
MHz): 6 1.22 (d, J= 6.9 Hz, 12H), 1.28 (d, /= 6.9, Hz 12H), 2.54 (sept, J = 6.9 Hz, 4H), 7.21 (d, J =
1.9 Hz, 2H), 7.30 (d, /= 7.8 Hz, 4H), 7.50 (t,J= 7.8 Hz, 2H) ppm. In good agreement with the literature.!



Synthesis of the complex [Ag(IPr)(bpy)][PFs].
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[AgCI(IPr)] (1.0 eq) and the 2,2’-bipyridine (1.05 eq) were introduced in a flame-dried Schlenk flask
under Ar atmosphere. The reagents were dissolved in degassed absolute ethanol and heated at 78 °C for
1h. Afterward, the reaction mixture was allowed to cool down at room temperature and a KPF saturated
aqueous solution was added, affording a white precipitate. The solid was washed with distilled water
and diethyl ether and then dried under vacuum. The resulting white solid was recrystallized twice by
slow diffusion of diethyl ether in a dichloromethane solution of the complex. The clean complex was

obtained as white solid in 52 % yield.

'H NMR (CDCl;, 500 MHz): 6 1.15 (d, J= 6.9 Hz, 12H), 1.28 (d, J = 6.9 Hz, 12H), 2.60 (sept, J = 6.9
Hz, 4H), 6.96 (br d, J = 4.4 Hz, 2H), 7.28 (m. overlapped with the CDClI; signal, 2H), 7.42 (d, J=1.9
Hz, 2H), 7.46 (d, J= 7.9 Hz, 4H), 7.71 (t, J = 7.8 Hz, 2H), 7.98 (td, J = 7.9, 1.7 Hz, 2H), 8.19 (d, J =
8.1 Hz, 2H) ppm. C NMR (CDCl;, 151 MHz): 6 24.0 (s), 25.1 (s), 28.9 (s), 122.9 (s), 124.0 (d, J aec
= 7.6 Hz, C imidazole), 125.0 (s), 125.8 (s), 130.9 (s), 135.6 (s), 140.2 (s), 146.3 (s), 150.2 (s), 151.4
(s), 186.2 (d, J (3C-1"7Ag) = 246.7 Hz), 186.2 (d, J (*C-1PAg) = 284.8 Hz) ppm. 3'P NMR (CDCl,,
202 MHz): 5 -144.3 (sept, J ('P-°F) = 711.0 Hz, 1P) ppm. ’F NMR (CDCl;, 471 MHz): 6 -73.6 (d, J
("F-3'P) = 711.2 Hz, 6F) ppm. HRMS (ESI): m/z calcd for C3;Hy;N,;Ag [M-PF¢]" 651.2617, found
651.2612. IR (neat): 3167, 3135, 2954, 1738, 1471, 1440, 1366, 837 cm’!.



NMR spectra of the complex [Ag(IPr)(bpy)][PFs].
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Figure S2. 'H NMR (CDCls, 500 MHz) of [Ag(IPr)(bpy)][PFq]
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Figure S5. '9F NMR (CDCl;, 471 MHz) of [Ag(IPr)(bpy)][PF]



XRD details and structures

Table S1. Crystallographic data of complex [Ag(IPr)(bpy)][PFs]

[Ag(IPr)(bpy)][PF]
Formula Cs7HyyAgF NP
M/g-mol! 797.60
Crystal system orthorhombic
Space group P bca
al A 15.6677(4)
b/ A 17.2396(5)
c/ A 27.1830(5)
a/° 90
p/e 90
v/ ° 90
v/ A3 7342.3(3)
4 8
W/ mm-! 0.655
pealed/ g-cm? 1.443
A (Mo K,)/ mm’! 0.71073
T/K 123(2)
Ne of reflections 16143
Ne of unique reflection 11798
Rine 0.075673
R1, wR, (I>20(1)) 0.034554
R1, wR, (all data) 0.059722
GOF 1.01699




Theoretical details

Table S2. Absolute energies (au) calculated of the different states of the dimer of [Ag(IPr)(bpy)][PFs]
at the (TD)-CAM-B3LYP-D3BJ/def2-TZVP level of theory.?

State EP Ee

XA, -5486.147648 -5486.147250
13A, -5486.051782 -5486.052476
1'A, -5486.005830 -5486.005039
1A, -5486.005847 -5486.005085
13A, -5486.052168 -5486.051709

2 The core electrons of Ag were described using the def2-ECP pseudopotential.
b Calculated at the equilibrium structure of T4 (1 3A,).
¢ Calculated at the equilibrium structure of T (1 3A,).

Table S3. Vertical excitation energies with respect to the ground state (eV) and oscillator strengths
(length representation) of the dimer of [Ag(IPr)(bpy)][PF¢] calculated at the TD-CAM-B3LYP-
D3BJ/def2-TZVP level of theory.?

State AE® S AE¢ S

13A, 2.61 0.000 2.58 0.000
1A, 3.86 0.000 3.87 0.000
1'A, 3.86 <0.001 3.87 0.001
13A, 2.60 0.000 2.60 0.000

2 The core electrons of Ag were described using the def2-ECP pseudopotential.
b Calculated at the equilibrium structure of Ty (1 3A,).
¢ Calculated at the equilibrium structure of T (1 3A,).

Table S4. Vertical excitation energies with respect to the ground state including the spin-orbit coupling
contribution? (V) and oscillator strengths (length representation) of the dimer of [Ag(IPr)(bpy)][PFs]
calculated at the TD-CAM-B3LYP-D3BJ/ZORA-def2-TZVP level of theory.b

State AE® f AE¢ S

13A, 2.61 0.000 2.58 0.000
1A, 3.86 0.000 3.87 0.000
1A, 3.86 <0.001 3.87 0.001
13A, 2.60 <0.001 2.60 <0.001

2 Twenty singlet and twenty triplet states were included in the calculation.
b The SARC-ZORA-TZVP basis set was used for Ag.

¢ Calculated at the equilibrium structure of Ty (1 3A,).

d Calculated at the equilibrium structure of Ty (1 3A).



b)

Figure S6. Characterization of the lowest-lying states a) T4 (1 3A,) and b) T} (1 *A,) of the dimer of
[Ag(IPr)(bpy)][PFs] using density differences (cut-off 0.0008 au) calculated at the TDDFT level using
the CAM-B3LYP exchange-correlation functional and the def2-TZVP basis set.
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Cartesian coordinates (au). The * indicate unrelaxed (frozen) atoms
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Electrochemical Impedance Spectroscopy

Figure S7. Simplified circuit model with electrical resistance (Rygc) and Constant Phase Element (Q)

used for static EIS assays. A series resistor (Rgies) and inductor elements for the cables (L) Were

also included.??
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Figure S8. Nyquist plot of [Ag(IPr)(bpy)][PFs] fresh device
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Figure S9. Nyquist plot of [Ag(IPr)(bpy)][PFs] used device
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