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Single Crystal data.

Crystal Data for Au;3Cu,NgPsSs(M =3100.38 g/mol): Black block crystal, 0.534 x 0.324 x 0.145,
orthorhombic, space group Pmc2; (no. 26), a = 33.2427(8) A, b = 17.2881(3) A, c = 26.7466(5) A, a =90 °,
B=90°y=90° V=15371.4(5) A3, Z= 4, T= 110.00(10) K, u(MoKa) = 12.784 mm%, Dcalc = 1.340 g/cm?,
170163 reflections measured (6.844° < 20 < 61.536°), 39951 unique (Rint = 0.1868, Ryjgma = 0.1681) which

were used in all calculations. The final R; was 0.1297 (I > 20(1)) and wR;, was 0.3419 (all data).

Crystal Data for Cyq1,HgAu;3CusNgP,SgCls(M =4745.02 g/mol): Black block crystal, 0.233 x 0.178 x 0.156
mm, monoclinic, space group P2;/n (no. 14), a = 15.5758(4) A, b = 44.4218(10) A, c = 41.4738(13) A, a =
90 °, B =95.249(2) °, y = 90°, V = 28575.6(13) A3, Z=8, T = 170.00(10) K, p(MoKa) = 14.071 mm, Dcalc =
2.206 g/cm3, 269977 reflections measured (6.736° < 20 < 50.4°), 51251 unique (Rin; = 0.1470, Rygma =
0.1187) which were used in all calculations. The final R; was 0.1144 (I> 20o(l)) and wR, was 0.2305 (all
data).

Single Crystal Analysis of Aui3Cu,, Au;3Cuy: The diffraction data ofAu;3Cu,, Auy3Cu, were collected on an
XtaLAB AFC10 (RCD3) fixed-chi single crystal diffractometer using Mo Ka (A = 0.71069A). The crystal was
kept at 103.00(10) K during data collection. Using Olex2 [1], the structure was solved with the SHELXT [2]
structure solution program using Intrinsic Phasing and refined with the SHELXL [3] refinement package

using Least Squares minimization.



Table S1: Crystallographic data for compounds Au;3Cus and Au;3Cu, NCs.

Auy;Cu, Au;5Cu,
Empirical formula Au;3Cu;,N,5S5, Ci12HgoAU13CU4NgP4Sse
Formula weight 3100.38 4745.02

Crystal system, space group

Orthorhombic, Pmc2,

monoclinic, P2;/n

a, A 33.2427(8) 15.5758(4)
b, A 17.2881(3) 44.4218(10)
c, A 26.7466(5) 41.4738(13)
a, deg. 90 90

B, deg 90 95.249(2)

y, deg 90 90

Volume, A3 15371.4(5) 28575.6(13)
4 4 8

p calcd, g:cm-3 1.340 2.206

u, mm-1 12.784 14.071
Temperature, K 110.00(10) 170.00(10)
Omax, deg. / 6.844 to 61.536 6.736 to 50.4

Completeness, %

Reflections collected /

unique

170163 / 39951 [R;,; = 0.1868,
Regma = 0.1681]

269977 / 51251 [Ryy = 0.1470,
Rejgma = 0.1187]

restraints / parameters

39951/1/217

51251/1587/2683

R12, wR2b [I > 20(l)]

R1=0.1297, wR, =0.3151

R;=0.1144, wR, =0.2117

R1?2, wR2b (all data)

R, = 0.2186, wR, = 0.3419

R, = 0.1644, wR, = 0.2305




Goodness of fit 1.644 1.644

Largest diff. peak and 11.03/-6.92 5.35/-3.96

hole, e/A 3

Fig. S1 Single crystal parsing of the [Au;3Cus(PPh3)4(SPy)s]* cluster.



Fig. S2 Single crystal structure and stacking of the [Au;3Cu,(PPh3)e(SPy)s]* clusters.
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Fig. S3 TG-DTA curves of [Au13Cu,(PPh3)4(SPy)s]* and [Aui3Cu,(PPhs)g(SPy)e]* clusters.
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Fig. S4 (A/B) Photoluminescence spectra of the [Aui3Cus(PPhs)s(SPy)s]* and [Aui3Cu,(PPhs)e(SPy)el*
clusters, respectively, using a 475nm excitation, measured by a normal Horiba Scientific Fluoromax-4
spectrofluorometer, as well as the time-resolved fluorescence decay (C/D) on a spectra physics Millenia-
eV with Tsunami laser, in DCM solvent.



Time-resolved fluorescence decay measurements were carried out for the Au,3Cu, and Au;3Cuy
NCs, as shown in Fig. S4 (ESI). The results on the lifetime data showed that the Au;5Cu, 4 clusters
exhibit long lifetime up to microseconds, specifically, 1.1 ps for Au;3Cu, and 1.6 ps for Auy3Cu,
NCs. In small organic molecules, such long lifetime is often assigned to phosphorescence

pertaining to T;—S, transition. However, for such NCs with multi-core metal center and varied
ligand-to-metal charge-transfer interactions, the mechanism could be more complex and even
against the Kasha’s rule.1-® Actually, the observation of emissions at longer wavelength range (965
and 1006 nm for Au;3Cu, and Au,3Cu, respectively) excludes the possibility of 818/815 nm peak
to be assigned as phosphorescent emission as small organic molecules. The long-lifetime
emissions could be normal for alloy metal NCs due to their flexible structural relaxation, multiple
metal-metal and metal-ligand interactions, and hence largely increased density of states.
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Fig. S5 Emission spectra of dichloromethane (DCM) solvent excited at 490 and 270 nm.
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Fig. S6 Emission spectra of 2-mercaptopyrdine in DCM excited at 490 and 270 nm.
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Fig. S7 Emission spectra of triphenylphosphine in DCM excited at 490 and 270 nm.

Fig. S8 Emission spectra of [Au;,3Cus(PPhs3)4(SPy)s]* clusters excited at different wave lengths.

The excitation spectrum of Au;3Cus NCs was shown in Fig. S9. The excitation spectrum was monitored
with 820 nm emission wavelength produces excitation peaks at 340, 365, 465 and 475 nm, well agreement
with absorption bands, indeed both the excitation and absorption spectra profiles are found to be well
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Fig. S9 Excitation spectra of [Au;3Cus(PPh3)4(SPy)g]* clusters, monitored at 820nm.
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