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I. Experimental Section

All experiments were performed under an atmosphere of dry argon using standard Schlenk techniques.
Commercially available reagents ([Cu(CH3CN),].PF¢, KCN, dppm, CuCN, K[Au(CN),] and K,[Pt(CN),]) were
obtained from Sigma-Aldrich. The precursor A was synthesized according to synthetic procedure that has been
improved considering the previously reported procedure.[S1 'H, and 3'P{'H} NMR spectra were recorded on
Bruker DPX200, AV300 or AV400 spectrometers. 'H NMR chemical shifts were reported in parts per million
(ppm) relative to Me4Si as external standard. 3'P{'H} NMR downfield chemical shifts were expressed with a
positive sign, in ppm, relative to 85% H;PO, respectively. FT-IR measurements have been performed on a
Perkin Elmer Frontier spectrometer using UATR (Universal Attenuated Total Reflectance) accessory. Spectra
have been recorded between 650 cm™' and 4000 cm™!, on pure samples. UV-vis solid-state absorption
measurements have been recorded on a Perkin-Elmer Lambda 650 spectrometer using a 60 mm integrating
sphere. Spectra have been recorded between 800 nm and 200 nm, on pellets.

Steady-state emission spectra and luminescence quantum yield measurements were recorded on a Horiba
Jobin-Yvon (HJY) Fluorolog-3 (FL3-2iHR550) fluorescence spectrofluorometer equipped with a IR R928P PMT
/ HJY FL-1073 detector and with an integrating sphere. High temperature measurements were performed using a
Peltier effect F3004 (HJY) heating system (allowing temperature measurements between 263 K and 383 K). Low
temperature measurements were allowed by using a OptistatCF (Oxford Inst.) in the range of 77 K to 300 K.
Excited-state lifetimes in the range 77 K and 383 K were measured with a delta hub (TCSPC: Time-Correlated-
Single-Photon-Counting) + delta diode system allowing to measure excited-state lifetimes between 500 ps et
10 ps and with a pulsed xenon source (FL-1035) allowing to measure excited-state lifetimes longer than 10 ps.
Solid sample was placed in a quartz sample holders inside the integrating sphere and the cryostat and maintained
at the desired temperature until equilibrium was reached before recording the spectrum.

The experimental data were then fitted according to the following equation?
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where 7(obs), «(S,), «T,), kg, T and AEgt represent the observed lifetime, singlet state decay lifetime, triplet state

decay lifetime, Boltzmann constant, temperature and singlet-triplet energy difference, respectively.



Synthesis of derivative 1

To a dichloromethane solution (10 ml) of the derivative A (0.11 g, 0.05 mmol) was added a methanol suspension
(4 ml) of CuCN (0.005 g, 0.05 mmol). This reaction mixture was stirred overnight at room temperature along the
appearance of few amount of white precipitate. This crude solution was then filtered over cotton and was after
left upon n-pentane vapour diffusion under argon, affording after crystallization the derivative 1 together with
the derivative A. Bulk crystalline sample was collected upon filtration and dried under air on paper affording
batches of colourless crystals in an overall yield of 80 %. Crystals of derivative 1 were manually separated from
those of derivative A under air upon UV-Vis excitation (Aum, = 365 nm, crystals of derivative 1 are green-light
emitters while those of derivative A are blue-light emitters).

The amount of derivative 1 finally obtained as pure colorless polycrystalline powder after manual separation was
variable depending of the experiments performed (despite similar experimental conditions were applied). A
mean yield of 20 % (ca. 0.023 g, 0.01 mmol) can be estimated for the synthesis of the air-stable colourless
compound 1 after manual separation under UV-Vis irradiation (Ajmp = 365 nm) of the crystals of green

luminophore 1 from the crystals of the blue luminophore A (main compound).

'"H NMR (400 MHz, CDCl;): 8 = 3.10 (broad s, 4H, PCH,P), 3.40 (broad s, 4H, PCH,P), 6.66 (broad s, 4H,
Harom), 6.84 (broad s, 4H, Hyrom), 7.00-7.60 (broad m, 72H, Hrom).

3SIP{'H} NMR (CDCl;, 161.98 MHz): 6 = -144.6 (sept, 'J(P,F) = 711 Hz, PFy), -11.0 (broad m, dppm)
Elemental analysis, calcd. (%) for Cy94HooClL,CugF,N4P1o: C 52.36, H 3.80, N 2.35; found: C 52.00, H 3.64, N
2.50.

IR (cm): 686 (vs), 733 (s), 773 (m), 825 (vs), 999 (w), 1025 (w), 1148 (vw), 1192 (vw), 1310 (vw), 1435 (s),

1483 (m), 1586 (w), 1651 (w), 2141 (ven, W), 3061 (vw), 3646 (vw).

Synthesis of derivative 2




To a 10:1 water/acetonitrile suspension (10ml) of KAu(CN), (0.015 g, 0.052 mmol) was added one equivalent of
the [Cuy(ro-dppm),(CH;CN)4](PFg), complex D prepared in-situ in CH,Cl, at room temperature from the
reaction of [Cu(CH;CN)4](PFe) (0.039 g, 0.104 mmol) and dppm (0.040 g, 0.104 mmol). This reaction solution
was stirred for one night at room temperature. The organic phase was collected and the crude solution was left
upon n-pentane vapour diffusion affording after three weeks the derivative 2 that was collected and dried
affording an air-stable colourless solid (0.044 g, 0.0087 mmol, 83% yield based on amount of Cu(I) ions

introduced in the reaction, 33% yield based on amount of Au(I) ions introduced in the reaction).

"H NMR (400 MHz, CDCl;): 8 = 3.10 (broad s, 9H, PCH,P), 3.80 (broad s, 9H, PCH,P), 6.90-7.75 (broad m,
180H, Hrom)-

3SIP{'H} NMR (CDCl;, 161.98 MHz): & = -144.6 (sept, 'J(P,F) = 711 Hz, PFy), -14.5 (broad m, dppm), 30.4
(broad m, dppm), 34.4 (broad m, dppm), 37.0 (broad m, dppm). Signal at -14.5 ppm is assigned to the
phosphorus atoms of the Cuy(z,-dppm), fragments while the other signals are assigned to the phosphorus atoms
of the Cuy(1,-dppm), fragment.

Elemental analysis, calcd. (%) for Cy;3sH,0,Cl4CujgAuyFpNgPag: C 58.91, H 4.25, N 2.29; found: C 58.86, H
4.20, N 2.26.

IR (cmt): 690 (vs), 737 (vs), 780 (s), 838 (vs), 999 (m), 1027 (w), 1101 (s), 1188 (vw), 1312 (w), 1368 (W),

1436 (s), 1484 (m), 1587 (w), 2124 (ven, vW), 2149 (vey, W), 3055 (w).

Synthesis of derivative 3

Optimized synthesis was performed using a 1:1 potassium tetracyanoplatinate / complex D stoichiometry
regarding the stoichiometry observed in the molecular structure determined for compound 3 accordingly to X-
ray crystal structure diffraction analysis.

To a methanol suspension (6ml) of K,Pt(CN), (0.032 g, 0.052 mmol) was added one equivalent of the [Cuy(ze-
dppm),(CH3CN),](PF¢), complex D prepared in-situ in CH,Cl, at room temperature from the reaction of
[Cu(CH3CN),](PFy) (0.039 g, 0.104 mmol) and dppm (0.040 g, 0.104 mmol). This reaction solution was stirred
for one night at room temperature along the appearance of few amount of white precipitate. This crude solution
was then filtered over cotton and was after left upon n-pentane vapour diffusion affording after one week of

crystallization the derivative 3 that was collected and dried affording an air-stable colourless solid (0.051 g,



0.0083 mmol, 87 % yield based on amount of Cu(I) ions introduced in the reaction, 64% yield based on amount

of Pt(I) ions introduced in the reaction).

'"H NMR (400 MHz, CDCl3): 6 = 2.25 (broad s, 8H, PCH,P), 3.10 (broad s, 10H, PCH,P), 3.40 (broad s, 2H,
PCH,P) 6.51-6.75 (broad m, 88H, Hyom), 6.78-7.80 (broad m, 112H, Hyrom).

SIP{'H} NMR (CDCl;, 161.98 MHz): 6 = 6 = -143.8 (sept, 'J(P,F) = 719 Hz, PFy"), from -21.0 to -12.0 (broad m,
dppm), 3.0 (bd with 2J(P,P)= 79 Hz and with satellites corresponding to 'J(P,Pt)= 2590 Hz, P atom linked to the
Pt(I1) center of the [Pt;Cu,(t4-dppm), ] fragments).

Elemental analysis, calcd. (%) for Cog0H26ClgCuyF1gN1oPx3Pty: C 50.07, H 3.65, N 2.25; found: C 50.27, H 3.80,
N 2.02.

IR (em): 691 (vs), 735 (vs), 787 (m), 832 (vs), 997 (s), 1026 (w), 1188 (vw), 1188 (vw), 1434 (s), 1481 (m),

1580 (W), 2121 (vew, W), 2137 (ve, vW), 3056 (vw).
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Fig. S1. '"H NMR spectrum of 1 in CD,Cl, at 400 MHz at 298K
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Fig. S5.3'P{'H} NMR spectrum of 2 in CD,Cl, at 162 MHz at 298K
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Fig. S6. IR spectrum of 2 in the solid state at 298K
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IL. X-ray Crystallographic Study

Single crystals of 1, 2 and 3 suitable for X-ray crystal analyses were obtained by slow diffusion of vapors of n-
pentane into crude mother solutions. Reference single crystal data collection for 1, 2 and 3 were performed at
100 K for 1 and at 150 K for 2 and 3 with a D8 Venture Bruker AXS (Centre de Diffractométrie, Université de
Rennes 1, France) with Mo-Ko. radiation (1= 0.71073 A). Temperature dependant single crystal data collections
for 1 were performed at 100 K, 125 K, 150 K, 175 K, 200 K, 225 K and 250 K with a D8 Venture Bruker AXS
(Centre de Diffractométrie, Université de Rennes 1, France) with Mo-Ka radiation (4 = 0.71073 A). Reflections
were indexed, Lorentz-polarization corrected and integrated by the DENZO program of the KappaCCD software
package. The data merging process was performed using the SCALEPACK program.*? Structure determinations
were performed by direct methods with the solving program SIR97,%* that revealed all the non-hydrogen atoms.
SHELXL program® was used to refine the structures by full-matrix least-squares based on F2. All non-hydrogen
atoms were refined with anisotropic displacement parameters. Hydrogen atoms were included in idealised

positions and refined with isotropic displacement parameters.
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In the crystal lattices of the coordination complexes studied, dichloromethane solvent molecules were found in
addition to the cationic coordination complexes and their counter-anions. These solvent molecules in most cases
have a strong tendency to leave the bulk crystal via evaporation once the crystals are removed from their mother
solution, a process that induce a rapid degradation of the single-crystal integrity of the crystals investigated. In
order to slow down this process, single crystals of all these derivatives were always coated in paratone oil once
removed from the mother solution, mounted at low temperature as quickly as possible on the diffractometer
goniometer and X-ray data collection was performed at low temperature.

The included dichloromethane solvent molecules (for derivatives 1, 2 and 3) were found to be highly disordered
and a correct modelling of the disorder of these solvent molecules was not always possible leading to rather high
anisotropic displacement parameters for some of their atoms. We have therefore proceeded to a ‘squeeze’
treatment®® in order to remove the scattering contribution of these molecules which cannot be satisfactorily
modelled (4 CH,Cl, molecules for derivative 1, 12 CH,Cl, molecules for derivative 2 and 23 CH,Cl, molecules
for derivative 3). As a result, since these disordered molecules occupy a significant volume of the unit cell,
several ALERTS A appear in the checkcif reports since " VERY LARGE Solvent Accessible VOIDs" are present
in the structure resolution. For the temperature dependant X-ray crystal structures of derivative 1, included PFg
were also removed along the ‘squeeze’ treatment.S¢

Concerning derivative 1, in the asymetric unit, two phenyl ring of the dppm ligands were found disordered over
two neighboring positions and the relatives occupancies were ponderated. The cyano carbon and nitrogen atoms
are disordered and had to be modelled with isotropic parameters. Their relative occupancies and special
coordinates were refined without constraints.

Concerning temperature dependence of the X-ray structure of the derivative 1, measurements were performed on
the same single crystal from 100 K to 250 K every 25 K. In order to keep a reasonable time for such data
collection, time exposure for each frame collected was significantly shorter than the one time exposure applied
for the data collection of the reference X-ray structure of the derivative 1 at 100 K (see above). As a result, the
intrinsic quality of these temperature dependent the X-ray structures is lower than the one obtained for the
reference X-ray structure of the derivative 1 at 100 K but is in complete agreement with the result obtained in
this case. Nevertheless, the squeeze procedure in the case of the data treatment of the temperature dependent the
X-ray structures of the derivative 1 also included the PF¢ counter-anion that was not satisfactory modelled. In

addition the quality of the modelling of the disordered phenyl rings was lower compared to the modelling of
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these disorders in the case of reference X-ray structure of the derivative 1 at 100 K. As a consequence, several
additional ALERTS appear in the different checkcif reports.

Concerning derivative 2, one of the dppm ligands was found disordered over two neighboring positions and the
relatives occupancies of all the carbon atoms involved were ponderated over these two position, with the
exception of the phenyl ring containing the C(31), C(32), C(33), C(34), C(35) and C(36) atoms. In this case, the
modelling of the disorder over two positions lead to unstable refinements and therefore the carbon atoms of this
phenyl ring were modelled being located on one single position associated with isotropic parameters and fairly
high displacement parameters resultings in ALERTs A in the checkcif report. In the case of these atoms
associated with the disordered dppm ligand, it was necessary to apply isotropic displacement parameters in these
ponderations, implying several ALERTS in the checkcif report. As a consequence of this disorded, several atoms
of the neighboring dppm ligands and of a PF¢ counter anion are also disordered inducing quite large anisotropy
factors that implied several ALERTS in the checkcif report. A correct modelling of these disorders was not
realized as it induced a significant increase of the number of parameters refined and/or instable refinement
cycles. For the same reasons, the C and N atoms of the CN- fragments located between two Cu(I) centers were
assigned arbitrarily while the CN-fragments connecting the Cu(I) and the Au(I) metal centers were defined with
the C atoms linked to the Au(I) centers and the N atoms linked to the Cu(I) centers. 5’

Concerning derivative 3, equal relative occupancies for C and N atoms have been modelled at the atomic
position determined for the peripheral cyano ligands located between two Cu(I) metal centers. In the case of the
atom involved, it was necessary to apply isotropic displacement parameters to some of the atoms in these
ponderations, implying several ALERTS in the checkcif report. For the other cyano ligands, C atoms have been
assigned to the atoms directly connected to the Pt(II) metal centres and N atoms have been assigned to the atoms
directly connected to the Cu(I) metal centres.” In addition, in the case of the derivative 3, two phenyl rings of the
dppm ligands were found disordered over two neighboring positions and the relatives occupancies were
ponderated. In the case of the atom involved, it was necessary to apply isotropic displacement parameters to

some of the atoms in these ponderations, implying several ALERTS in the checkcif report.

Table S1 gives the crystallographic data for the derivatives 1, 2 and 3 after the ‘squeeze’ treatment. Table S2

give the crystallographic data for the derivatives 1, 2 and 3 before ‘squeeze’ treatment.
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Atomic scattering factors for all atoms were taken from International Tables for X-ray Crystallography.S” CCDC
reference numbers 1895178, 1895184 and 1895185 contain the supplementary crystallographic data for the
reference measurements of the X-ray crystal structures of the derivative 1 (100K), 2 (150K) and 3 (150K)
respectively. CCDC reference numbers 1895179, 1895180, 1895182, 1895187, 1895183, 1895186 and 1895181
contain the supplementary crystallographic data for the temperature dependence of the X-ray crystal structures of
the derivative 1 (100K, 125K, 150K, 175K, 200K, 225 K and 250K) These data can be obtained free of charge

from the Cambridge Crystallographic Data Centre.
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Table S1. Crystal data and structure refinement for derivatives 1, 2 and 3 after the ‘squeeze’
treatment

1.2PF,

2 .2PF,

3.3PF,

Molecular formula
CCDC number
Molecular weight
a(A)

b(A)

c(A)

a(®)

B

7(®)

V(A%

VA

Dc (g cm™)
Crystal system
Space group
Temperature (K)
Wavelength Mo-Ko. (A)
Crystal size (mm)
u (mm)

F(000)

@limit (°)

Index ranges hkl

Reflections collected
Independant reflections
Reflections [/>2a(])]
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [/>20(])]

R indices (all data)

Largest diff peak and hole
(cA?)

Ci04HgsCugF 12N4P 1o

1895178
2312.72
16.377(1)
20.497(2)
17.822(1)
90
104.396(2)
90
5794.6(7)

2
1.325
Monoclinic
P21/n
100(2)
0.71073
0.21 * 0.14 * 0.08
1.281
2344
2.37-27.45
-21 <h< 20,
-26 <k< 26,
-23<IK19
51524
13256
10139
13256/ 0/ 673
1.076
R1=0.0546
wR2=0.1569
R1=10.0683
wR2=0.1644
1.070 and -0.641

Ca3sH198Au,CuygF 12N 1P

1895184
5038.77
17.168(2)
17.670(2)
86.943(11)
90
94.106(7)
90
26307(5)
4
1.272
Monoclinic
P21/n
150(2)
0.71073
0.4 *0.06 * 0.03
2.078
10136
0.94 - 27.56
20 <h< 22,
22 <k< 22,
-112 << 107
229731
60238
26080
60238/ 0/ 1984
0.942
R1=0.0906
wR2=0.2233
R1=10.1847
wR2=0.2551
1.934 and -1.540

C266H200Cu1 lFl 8Nl 6P23Pt4

1895185
6174.19
51.162(3)
51.162
26.3704(17)
90
90
120
59777(5)

6
1.029
Trigonal
P-31c
150(2)
0.71073
0.40 * 0.1 *0.08
2.108
18396
3.96-27.72
-47 <h< 66,
-66 <k< 43,
-31<I<34
325355
46598
28111
46598/ 0/ 1453
0.955
R1=10.0566
wR2=10.1329
R1=0.1078
wR2=0.1471
2.172 and -0.768
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Table S2. Crystal data and structure refinement for derivatives 1, 2 and 3 before the ‘squeeze’
treatment

1.2PF:4CH,Cl, 2. 2PF.12CH,Cl, 3. 3PF.23CH,Cl,

Molecular formula C108Ho4CIgCugF 12N4P g Ca47H215A0,Clo4CuyoF 12N gP3o CagoH20ClysCuy 1 F 13N 1P23Pty
Molecular weight 2650.42 6050.82 8081.12
a(A) 16.377(1) 17.168(2) 51.162(3)
b(A) 20.497(2) 17.670(2) 51.162
c(A) 17.822(1) 86.943(11) 26.3704(17)
a(®) 90 90.00 90
BC) 104.396(2) 94.106(7) 90
7(°) 90 90.00 120
V(A3 5794.6(7) 26307(5) 59777(5)
VA 2 4 6
Dc (g cm™) 1.519 1.528 1.347
Crystal system Monoclinic Monoclinic Trigonal
Space group P21/n P21/n P-31c
Temperature (K) 100(2) 150(2) 150(2)
Wavelength Mo-Ka. (A) 0.71073 0.71073 0.71073
Crystal size (mm) 0.21 *0.14 * 0.08 0.4 *0.06 * 0.03 0.40 * 0.1 * 0.08
4 (mm) 1.470 2.327 2.424
F(000) 2676 12124 23916
@ limit (°) 2.37-27.45 0.94 —-27.56 3.96-27.72
Index ranges hkl -21 <h< 20, -20 <h< 22, -47 <h< 66,
-26 <k< 26, =22 <k<22, -66 <k< 43,
-23 <19 -112 <1107 -31<i£34
Reflections collected 51524 229731 325355
Independant reflections 13256 60238 46598
Reflections [/>2o(1)] 10279 27070 27293
Data/restraints/parameters 13256/ 0/ 756 60238/ 0/2834 46598/ 0/ 1453
Goodness-of-fit on F? 1.020 1.757 1.284
Final R indices [[>20(])] R1=10.0723 R1=0.1559 R1=0.1329
wR2=0.2067 wR2=0.3571 wR2=0.3250
R indices (all data) R1=0.0925 R1=0.3060 R1=0.2050
wR2=0.2280 wR2=0.4893 wR2=0.3793

Largest diff peak and hole (e

A7)

2.007 and -0.937

6.721 and -4.814

7.614 and -3.477
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Table S3. Crystal data and structure refinement for derivative 1 at 100 K, 125 K, 150 K, 175

K, 200K, 225 K and 250K after the 'squeeze' treatments

100K 125K 150K 175K
Molecular formula C104H83CU6N4P8 C104H38C116N4P8 C104H88CU6N4P3 C104H38Cu6N4P8
CCDC number 1895179 1895180 1895182 1895187
Molecular weight 2022.78 2022.78 2022.78 2022.78
a(A) 16.4642(7) 16.4868(6) 16.5201(7) 16.5640(7)
b(A) 20.4801(8) 20.5016(8) 20.5304(9) 20.5580(9)
c(A) 17.7355(8) 17.7554(8) 17.7924(9) 17.8345(9)
a(®) 90 90 90 90
B 104.421(2) 104.513(2) 104.643(2) 104.804(2)
7(°) 90 90 90 90
v (A3) 5791.8(4) 5809.9(4) 5838.5(5) 5871.5(5)
Z 2 2 2 2
Dc (g cm™) 1.160 1.156 1.151 1.144
Crystal system Monoclinic Monoclinic Monoclinic Monoclinic
Space group P21/n P21/n P21/n P21/n
Temperature (K) 100(2) 125(2) 150(2) 175(2)
Wavelength Mo-Ko. (A) 0.71073 0.71073 0.71073 0.71073
Crystal size (mm) 0.24*0.14*0.11 0.24*0.14*0.11 0.24*0.14*0.11 0.24*0.14*0.11
4 (mmT) 1.232 1.229 1.223 1.216
F(000) 2068 2068 2068 2068
Alimit (°) 1.51-27.42 1.51-27.45 1.50 -27.45 1.50-27.43
Index ranges Akl -18<h <21, 21<h<18, -18<h <21, -18<h <21,
-20<k<26, -20< k<26, 20 < k<26, 20< k<26,
22<1<22 22<1<22 -23<1<22 -23<1<23
Reflections collected 38859 38932 39101 39488
Independant reflections 13039 13089 13156 13243
Reflections [/>2o(])] 8227 7860 7494 7163
Data/restraints/parameters 13039/0 /484 13089 /0 /484 13156 /0/484 13243 /0/484
Goodness-of-fit on /2 1.083 1.104 1.097 1.061
Final R indices [>20(])] R1= 0.1089 RI= 0.1016 R1= 0.0938 R1= 0.0889
wR2=0.2932 wR2=10.2817 wR2=0.2656 wR20.2483
R indices (all data) R1= 0.1436 RI= 0.1418 R1= 0.1393 R1= 0.1394
wR2=0.3096 wR2=0.3001 wR2=0.2841 wR2=0.2672

Largest diff peak and hole (¢ A=)

0.809 and -1.038

0.790 and -1.003

0.813 and -0.868

0.703 and -0.888

200K 225K 250K
Molecular formula C104H88CU6N4P8 C]O4Hggcu6N4P8 C104H88CU6N4P8
CCDC number 1895183 1895186 1895181
Molecular weight 2022.78 2022.78 2022.78
a(A) 16.6264(8) 16.6665(14) 16.668(3)
b(A) 20.5858(11) 20.6256(18) 20.655(4)
c(A) 17.9032(11) 18.0048(19) 18.088(4)
a(°) 90 90 90
B©) 105.128(3) 105.255(5) 105.289(11)
7(°) 90 90 90
v (A3) 5915.3(6) 5971.2(10) 6007(2)
VA 2 2 2
Dc (g cm™) 1.136 1.125 1.118
Crystal system Monoclinic Monoclinic Monoclinic
Space group P21/n P21/n P21/n
Temperature (K) 200(2) 225(2) 250(2)
Wavelength Mo-Ko. (A) 0.71073 0.71073 0.71073
Crystal size (mm) 0.24*0.14*0.11 0.24*0.14*0.11 0.24*0.14*0.11
4 (mm™) 1.207 1.195 1.188
F(000) 2068 2068 2068
A limit (°) 1.49 -27.42 1.48 -27.47 1.48 -27.87
Index ranges Akl -19<h <21, -19<h<21, -19<h <21,

-20 < k<26, -20 < k<26, -20< k<26,
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-23<1<23 -23<1<23 -23<1<23

Reflections collected 39645 40087 40465
Independant reflections 13319 13467 13778
Reflections [/>20(1)] 6324 5864 5516
Data/restraints/parameters 13319/0/484 13467 /0/ 484 13778 /0 /484
Goodness-of-fit on F? 0.904 0.897 0.869
Final R indices [I>2o(])] R1= 0.0690 R1= 0.0691 R1= 0.0706
wR2=0.1665 wR2=0.1665 wR2=0.1704
R indices (all data) R1= 0.1327 R1= 0.1438 R1= 0.1540
wR2=0.1868 wR2=0.1893 wR2=0.1937
Largest diff peak and hole (¢ A) 0.855 and -0.506 0.996 and -0.579 0.901 and -0.710

Table S4. Intermetallic distances [A] and angles [°] for the derivatives 1 (at different
temperatures), 2 (at 150K), and 3 (at 150 K)

1 100K 1 125K 1 150K 1 175K 1 200K 1 225K 1 250K 2 3
Cu(1)-Cu2)  2.873(4) 2.877(4)  2.880(1)  2.886(1) 2.898(9)  2.905(9) 2.908(1)  2.952(2)
Cu@3)-Cu(d)  3.769(5) 37785  3782(1)  3.791(1) 3793(9)  3.794(9)  3.797(1)
Cu(3)-Cu(4) 2.959(2)
Cu(5)-Cu(6) 3.012(1)
Cu(7)-Cu(8) 2.912(2)
Cu(9)-Cu(10) 6.339(2)
Cu(1)-Cu(1) 6.382(8)
Cu(2)-Cu(3) 3.036(1)
Cu(4)-Cu(5) 3.179(1)
Cu(1)-Cu2y’  9.783(5) 9.778(5)  9.776(1)  9.772(1) 9.769(1)  9.779(1)  9.781(2)
Au(1)-Au(2) 11.095(1)
Pt(2)-Pt(2)’ 9.368(4)
Pt(3)-Pt(3)’ 6.573(5)
Cu-Pt 2.945(1)

Cu()-Cu@@)-  12337(1)  12327(1)  12322(3) 123.05(3)  122.86(2) 122.632) 122.50(2)
Cu(ly
Cu@y-Cu(l)-  56.63(1) 56.73(1)  56.78Q2)  56.95(2) 57.14Q2)  5737Q2)  57.50(2)
Cu(2)
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Fig. S10. ORTEP views of the molecular structure of the derivative 1, Hydrogen atoms have
been omitted for clarity. Only one position over the two positions modelled for the disordered
phenyl ring has been shown, as well as for the modelled cyano fragments located between two
Cu(I) metal centers
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Fig. S11. Detailed and simplified ORTEP views of the molecular structure of the derivative 2,
Hydrogen atoms have been omitted for clarity. Only one position over the two positions
modelled for the disordered phenyl ring has been shown

20



Fig. S12. Detailed and simplified ORTEP views of the molecular structure of the derivative 3,
Hydrogen atoms have been omitted for clarity. Only one position over the two positions
modelled for the disordered phenyl ring has been shown, as well as for the modelled cyano
fragments located between two Cu(I) metal centers
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III.  Photophysical study
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Fig. S13. RT solid state excitation spectrum of 1 at 298K
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Fig. S15. RT solid state excitation spectrum of 3 at 298K
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Fig. S16. Temperature-dependent non-normalized (left) and normalized (right) solid state
emission spectra of 1 (A, = 365 nm), from 80 K to 298 K (measurements were performed

every 10 K)
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Fig. S17. Temperature-dependent normalized solid state emission spectra of 1 (A= 365

nm), from 263 K to 373 K (measurements were performed every 10 K)
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Fig. S18. Temperature-dependent non-normalized (left) and normalized (right) solid state

emission spectra of 2 (Aee = 330 nm), from 80 K to 300 K (measurements were performed

every 50 K)
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Fig. S19. Temperature-dependent non-normalized (left) and normalized (right) solid state
emission spectra of 3 (Aexe = 385 nm), from 80 K to 298 K (measurements were performed

every 10 K)
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Fig. S20: A plot of emission peak maximum (A.y) of the solid-state emission spectra of 1

against temperature
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Fig. S21: A plot of emission peak maximum (A.y,) of the solid-state emission spectra of 2

against temperature
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Fig. S22: A plot of emission peak maximum (A.n,) of the solid-state emission spectra of 3
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Fig. S23: Solid state UV-Vis absorption spectrum of 1 at room temperature

0,35
0,30

0,25 +

Absorbance (a.u.)

0,20

0,15 4

T T e T J T ¥ T X T * T e T
200 250 300 350 400 450 500 550
Wavelength (nm)

Fig. S24: Solid state UV-Vis absorption spectrum of 2 at room temperature
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Fig. S25: Solid state UV-Vis absorption spectrum of 3 at room temperature

IV. Computational details

DFT calculations were carried out using the Gaussian 09 program,' and using ADF for the
spin-orbit coupling calculations.> The different isomers of 1 (1a, 1b, 1¢, 1d) in their ground
states configuration (Sg) (see Scheme S1) were fully optimized imposing a C; symmetry
following the X-Ray characterization using PBEO? functional and SVP* atomic basis set.
Harmonic vibrational frequency calculations were not possible because of the size of the
systems (2240 basis functions). Tighter criteria of energy convergence were applied to ensure
high quality of calculations (1071° u.a.). The relative energies (see Scheme S1) of those four
isomers are small and do not allow excluding the existence any of these isomers on the

thermodynamic point of view.

Cu—N=C—Cu—N=C—Cu Cu—C=N—Cu—C=N——-=~Cu
Cu—C=N—Cu—C=N—-=Cu Cu—N=C—Cu—N=C—Cu
1a 1b
Erelative =0.00 kcal.mol-1 Erelative =1.05 kcal.mol-1
Cu—N=C—Cu—C=N—-=~Cu /Qu—CEN—Cu—NEQ—/Cu
Cu—N=C—Cu—C=N—-~Cu Cu—C=N—Cu—N=C—Cu
1c . 1d
Erelative =1.06 kcal.mol Erelative = 2.56 kcal.mol
Scheme S1

28



Taking into account the enormous computational cost that a complete excited states
investigation of each isomer would generate, we have focused our efforts at a first stage on
the study of the excited state properties of 1a, which is the most stable isomer, and of 1¢,
which presents a nitrogen-only coordination sphere for the bridging bi-coordinated Cu atoms
(most probable scenario on the synthetic mechanism point of view). It has to be emphasized
that the most stable S, arrangement la is diverging more importantly from the X-Ray
geometry than 1¢ (bent Cu-NC-Cu-CN-Cu chains (167-174 °) not observed experimentally).
The isomer 1¢’s metrics better compare to the experimental X-Ray structures. The first
excited-state Sy and Ty (x = 1, 2, 3) geometries of 1a and 1¢ were optimized using analytic
TD-DFT gradients. A careful check of the optimization procedure was done to avoid jumps
between potential energy surfaces. At that stage, the isomer 1a was excluded from the rest of
the computational study since its first triplet excited state is much higher in energy than the

one of 1e¢ (+ 3.39 kcal.mol-!") and its associative emission energy of 478 nm diverges strongly
from the experimental measurements (~ 520 nm). Thus, only the isomer 1¢ was considered for

the rest of the study and the use of labelling 1 in the main text stands and hereafter for the 1¢

isomer.

Fig. S26. Isosurface plots of the electronic charge-density difference between the first singlet
excited state and the ground state (purple = density depletion, blue = density increase) of 1 (£
8.104 e.borh)
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Table S5. Energetics associated with 1 (1c¢) optimized excited states: relative energies
compare to Sy and S; and emission energies. Experimental data are given for sake of
comparison

Erel/S0 (eV) Erel/S1 (cm'1) Eemission (eV) Eemission (nm)
First relaxed singlet excited states
S 3.055 0 2.502 496
S, 3.100 364 2.492 497
S; 3.119 524 2.511 494
First relaxed triplet excited states
Ty 2.843 -1703 2.212 560
T1-const 2.988 -533 2.412 514
T, 3.090 290 2.598 477
Experimental data
S - 0 2.546 487
T4 - -1023 2.375 522

DFT 2-component spin-orbit coupling calculations were performed with the ADF2019

package on the optimized S, and T, structures.? For these calculations, the same hybrid

functional PBEO was used, with an all-electron triple-zeta Slater basis set with two additional

polarization function. Calculations relying on the Tamm-Dancoff approximation (TDA) of the

full TD-DFT equations were used to evaluate the lifetime of the excited states and the

oscillator strengths.>

The iso-surface representations were done using the GaussView 5.0 program.®
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.178151
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.987719
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.117576
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.867578
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.567865
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.010249
.188770
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c -4.557922 -3.380768 -6.128555
H -5.604130 -3.500893 -6.419078
C -3.758832 -4.558673 -5.861649
H -4.177334 -5.556280 -5.996530
c -2.390659 -4.388676 -5.371512
H -1.809120 -5.274637 -5.106192
c -1.839922 -3.150165 -5.243391
H

-0.819636 -3.031938 -4.872557

Table S7. Spin-orbit coupling energy (in cm™!) between states of 1 at the geometries of Ty, T).
const and Sl

Geometry So/T; So/S; Si/T,
1-T, 26 - 6
1-Tconst 34 - 34
1-S,; - 26 5
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