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Figure S1: XRPD patterns of 1, 1n and the calculated pattern of 1.
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Figure S2. Variable-temperature X-ray powder diffraction analysis of compound 1. Powder pattern
profiles measured in situ, color changes of the sample cooled down from 298 K (red line, bottom) to
83 K. At the end of the measurement, the sample was heated up to 298 K again (black line, top). No
phase transition is observed, the shift of the peaks is due to thermal contraction.
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Table S1. Crystallographic data of compound 1 at room temperature.

Chemical formula C;0His Cug Ni» Op2 Sq
Formula Mass 1312.22 g/mol
Temperature RT
Crystal System Trigonal
Space Group R-3
a/lA 22.3832(12)
b/A 22.3832(12)
c/A 7.0996(4)
o/° 90
p/e 90
y/° 120
Volume/ A3 3080.41
R(int) 0.035
R1 0.0342
R2 (all data) 0.0530
Chi? 1.013

Figure S3. Comparison between the experimental X-ray structure of complex 1 (red) and the one
optimised by DFT methods (green). The structural overlap is obtained by minimizing the root-mean-

square deviation (RMSD) of all the atomic positions except hydrogen atoms.

S4



Table S2. Comparison between key geometrical parameters of complex 1 obtained from X-ray
diffraction crystallography and DFT optimizations in vacuum.

X-ray data DFT data U_DF'T data
[S4] ground state lowest triplet state
[D34] [Ci]
Distances [A]
cucu 2819 2757 | 5306 2 5682596
Cu—Cuw’ 2.792 2.751 2.635-2.620-2.563
C-S 1.736 1.750 };iéj;i;j;ié
Angles [°]
Cu-CuC 60.00 000 | G035 5929 6035
Cu-Ci-Ca 60.66 012 | G010 5833 60.10
R 59.67 994 | Gosi 6103 ses7
Cus-Cu 762 M2 | s aenreras
scaca | stosian | s | RRRED
S—Cu-Cu’ 79.99-80.00 82.53 222;32%?233
N—Cu—Cu 142.00-143.38 142.25 }jgg;jjé%gjjgé;
Newew | sesownas | seos | 9EAEES
Cun-c 12068 12238 | 1543 1350- 124
cusC | 10s9at06a | 10427 |0 a8 T 02
Nus | ie2nas | noor | ot OROE 06
SN 11961 1970 | 13095 120.67-12092
Dihedrals [°]
Cuncs 130 000 2.40-0.00 240
Cocw-sc | wass | wa0 | I
Cu—Cu—Cu-S 25.30 27.58 31.15-32.28-31.56
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27.83-30.09-27.95
Cu-Cu-Cus 145.00 14602 | 14796 14536 14796
co-Cw-Cw N | BRdsla0n | sn | S
Cocucucy | 43 466 | Saus 5559 5608
cocucuc | 10974 1952 | 10509 10914 10809
Py NO; t04s 000 0.04-000-004
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Figure S4. Arbitrarily scaled absorption spectrum (black solid), room temperature excitation

spectrum (red dash, A, = 768 nm), low temperature excitation spectrum (brown dash, A, = 823 nm)
of a powder sample of 1 obtained from bulk solution.
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Table S3. The lowest 18 singlet vertical excitation for compound 1 in vacuum. Density differences
are computed as ps, — pso using relaxed excited-state densities and the ground-state SCF one.
Isodensities = + 0.0004 (yellow, electron) and — 0.0004 ¢ bohr= (gray, hole). The symmetry of each
excited state (and molecular orbital) is given accordingly to the ground-state D34 point group.

Transit
ransition energy Density difference Molecular-orbital
eV (nm)] (Psn — Pso) contribution Nature
oscillator strength Psa ™ Pso
S,>S, | 242 (512) H-1 - L4
(ew) (ar) cluster centered
(Ev) f=0.092 96.1%
S,>8, | 242 (512) H > L4
(ew) (ary) cluster centered
(Ew) f=0.092 96.1%
Sy — S; 243 (511) H4 —> L+
(eg) (ary) cluster centered
(Ey) £=0.000 97 6%
S, >s, | 243 (511) H-3 > L4
(e (a1g) cluster centered
(Ey) £=0.000 07 6%
Sy >Ss | 249 (499) H2 — L+
(a2¢) (arg) cluster centered
(Azg) £=0.000 97 59
Sy — Se 2.80 (443) H-5 —» L+4
(ar) (arg) cluster centered
(A1) £=0.000 93.1%
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charge transfer

Sy — S, 2.83 (438) . highly , from core
B multiconfigurational (mainly S) to
(Ew) f=0.000 character . >

nitropyridines
. charge transfer
Sy —> Sg 2.83 (438) ) highly _ from core
multiconfigurational (mainly S) t
(Ey) S=0.000 character Tty 5) 1o
nitropyridines
. charge transfer
Sy—>S, | 288 (431)  highly from core
multiconfigurational lv S) ¢
(Ev) S=10.000 character @am v ) °
nitropyridines
. charge transfer

Sy — Sio 2.88 (431) , highly , from core
N multiconfigurational (mainly S) to
(Ew) f=0.000 character . V>

nitropyridines
. charge transfer
So — Sy 2.89 (430) ) highly _ from core
multiconfigurational (mainly S) t
(Ey) f=0.001 character maln y‘ . °
nitropyridines
. charge transfer
So — Sp2 2.89 (430) , highly , from core
multiconfigurational kv S) ¢
(Eg) fS=0.001 character (maln Y. ) °
nitropyridines
. charge transfer
Sy — Si3 2.93 (423) ) highly _ from core
multiconfigurational (mainly S) t
(Ev) S=0.000 character Tty 5) %0
nitropyridines
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hiohl mixed cluster
So—> Si4 2.94 (422) . sy . centered and
N multiconfigurational charee transfer
(Ep) S=10.000 character g
nature
hichl mixed cluster
So = S5 294 (422) . sy : centered and
B multiconfigurational charee transfer
(Eg) £=0.000 character g
nature
. charge transfer
So — Si6 2.94 (422) _ highly _ from core
multiconfigurational (mainly S) t
(Eg) f=0.015 character ity 5o
nitropyridines
. charge transfer
Sy — Sy 296 (419) . highly , from core
multiconfigurational (mainly S) t
(Eg) f=10.094 character ay ) o
nitropyridines
. charge transfer
Sy Sy | 296 (419)  highly from core
multiconfigurational (mainly S) t
(Eg) S=0.094 character Aty 5o
nitropyridines

Table S4. The lowest 14 triplet vertical excitation for compound 1 in vacuum. Density differences
are computed as pr, — pso using relaxed excited-state densities and the ground-state SCF one.
Isodensities = + 0.0004 (yellow, electron) and — 0.0004 ¢ bohr (gray, hole). The symmetry of each
excited state (and molecular orbital) is given accordingly to the ground-state D54 point group.

Transition energy

Density difference

Molecular-orbital

. Nat
[eV (nm)] (Ptn — Pso) contribution ature
H-1 —» L+4
lust
So ; T, 227 (547) ) (arp) c lis erd
(Ev) 96.8% centere
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H — L+4

So—>T clust
0 e 2 227 (547) (c) (@) “ts erd
u 96.8% centere
H4 - L4
S T
0> 131 235 (528) ) (1) cluster
(Ey) 97.1% centered
H3 — L+4
S T
0> 935 (528) ) (1) Cluster
(Ep) 97 1% centered
H-2 —» L+4
S T
0 5 241 (514) (a2 () cluster
( A g g
2) 96.8% centered
hiohl charge transfer
So—>T o
O(E 6 2.60 (477) multiconfigurational frorri C(;re
2 character (?nam y_ ?to
nitropyridines
highl charge transfer
So—>T -
O(E ! 2.60 (477) multiconfigurational fr(?ni C(;re
2 character (Tnam y, ?to
nitropyridines
highl charge transfer
So—>T By
O(E) 8 2.60 (477) multiconfigurational fr(?ni C(S)re
b character (?nam y_ ?to
nitropyridines
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Highl charge transfer
1ghly fr
S0 Ty 2.60 (477) multiconfigurational Oni C(;ret
(Ev) character (I.nam y‘ ) °
nitropyridines
highl charge transfer
1ghly £
So = Tuo 2.61 (476) multiconfigurational rc?rri C(;ret
(Eg) character (Tnam y_ ) °
nitropyridines
highl charge transfer
ighly 6
S0 Ty 2.61 (474) multiconfigurational r(?ni C(;ret
(Ev) character (Tnam y_ ) °
nitropyridines
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Figure S5. Normalized corrected emission spectra of 1 (as powder) from bulk solution (solid line)

and from fast precipitation conditions (1n, open circles). Aexe =450 nm.
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Figure S6. Pawely refinement on the powder patter of the sample 1 to determine the average crystal
size with the Scherrer formula (crystal shape factor =1). An extra peak due the sample holder is
observed at 20= 16.21°. Experimental pattern in blue, calculated pattern in red, difference plot in
gray. The refinement converged at R,,;=4.53%.
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Figure S7. Pawely refinement on the powder patter of the sample 1n to determine the average crystal
size with the Scherrer formula (crystal shape factor =1). Experimental pattern in blue, calculated
pattern in red, difference plot in gray. The refinement converged at Ry,,=2.81%.
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