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Materials and chemicals.

All the chemicals used in our study were of commercially available reagent grade and were used as
received without any additional purification, including silver nitrate  (AgNO;),
pentafluorobenzenethiol (PFBT), tetrakis(triphenylphosphine)palladium (Pd(TPP);), sodium
borohydride (NaBH,), and triphenylphosphine (TPP). Other reagents and solvents for synthesis
were obtained from commercial sources and used without further purification.

Instrumentation.

Powder X-ray diffraction (PXRD) patterns of the samples were recorded on a D/MAX-3D
diffractometer. Thermogravimetric analyses (TGA) were performed on a TA Q50 system from room
temperature (RT) to 500°C at a heating rate of 10°C/min under a nitrogen atmosphere. Electrospray
ionization mass spectrometry (ESI-MS) was recorded on an X500R QTOF spectrometer. X-ray
photoelectron spectroscopy (XPS) measurements were carried out using a VG Scientific ESCALAB
250 system with an Al Ka (300 W) X-ray resource. Energy-dispersive spectrometry (EDS)
measurement was collected using Zeiss Sigma 500. Inductively coupled plasma mass spectrometry
(ICP-MS) measurements were carried out using an iCAP6000 SERIES spectrometer. UV-vis
absorption spectra were recorded using a Hitachi UH4150. UV-visible spectrophotometer in the
range of 200—-800 nm. Steady-state photoluminescence spectra were recorded with an Edinburgh
FLS 1000 fluorescence spectrometer. Photoluminescence decay was measured on a HORIBA
FluoroLog-3 fluorescence spectrometer equipped with a 355 nm laser operating in time-correlated
single-photon counting mode (TCSPC) with a time resolution of 340 ps. The photoluminescence
guantum vyield (PLQY) was measured using an integrating sphere on a HORIBA Scientific Fluorolog-3
spectrofluorometer.

Single-crystal X-ray diffraction Analysis (SCXRD).

SCXRD measurement was performed on a Rigaku XtaLAB Pro diffractometer with Cu-Ka radiation (A
= 1.54184 A) at 200 K. Data collection and reduction were performed using the program
CrysAlisProl1-2l, The structures were solved with intrinsic phasing methods (SHELXS)13!, and refined
by full-matrix least-squares on F2 using OLEX2!], which utilizes the SHELXL-2015 modulelP!. Imposed
restraints in the least-square refinement of each structure were commented on in the
corresponding CIF files. Thus only a general description of the structural refinement strategy is
presented here. All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms
were included in idealized positions. The imposed restraints in the least-squares refinement of each
structure were commented on in the corresponding CIF files. Thus, the remaining electron density
was flattened out using the solvent masking protocol inside OLEX2 which results in a decrease in
the final R-value. The crystallographic data are listed in Supplementary Table S1.

Quantum chemical calculations.

The density functional theory (DFT) and time-dependent density functional theory (TD-DFT)
calculations were performed with Gaussian 16 under the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional”! using def2SVP! basis set for all-atom. The single-crystal structure
was chosen as the initial guess for ground-state optimization, and all reported stationary points
were verified as true minima by the absence of negative eigenvalues in the vibrational frequency
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analysis. SMD solvent model was applied for TD-DFT calculations. The calculated absorption spectra
were obtained from Multiwfn 3.8(dev)®l.

Experimental section

Synthesis of Ag,4Pd: 10 mg AgNO3 and 5 mg Pd(TPP), were first dissolved in a mixture of methanol
(2 mL) and dichloromethane (4 mL) at room temperature and stirred for 5 min. 10 pL of PFBT, and
50 mg PPh; were then added. Then, 1 ml of an aqueous solution of NaBH, (10 mg/mL) was added
quickly to the reaction mixture under vigorous stirring. The solution color immediately changed
from a yellow solution to a reddish solution. Then the reaction continued for 4 h at room
temperature in the dark. The aqueous phase was then removed. The organic phase was washed
several times with water. Red rhombohedral single crystals suitable for X-ray diffraction study were
grown with an n-hexane/CH,Cl, solution for two days. The yield of Agi4Pd was ~29% (AgNOs basis).
Elemental analysis (%) for evacuated Ag,4Pd: calcd C: 47.74, H: 2.78, S: 3.54; found C: 47.68, H: 2.82,
S: 3.58.

The process of 3D printing: First, 50 mg of Ag14Pd was dissolved in 2 mL of CH2Cl2 and added to 100 mL
of photosensitive resin. Then the mixture was stirred continuously for 2 hours in dark conditions. After
parameter optimization of the 3D equipment, the 3D patterns of the various macroscopic models were
printed with mixed raw materials following the imported digital model.
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Figure S1. Powder X-ray diffraction patterns patterns of Ag;4Pd.
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Figure S2. TG curves of Ag14Pd in N, atmosphere.
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Figure S3. ESI-MS spectra of Ag;sPd in negative mode. Inset: calculated (black curve) and

experimental (red curve) isotope distribution patterns.
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Figure S4. EDS mapping of Agi4Pd.
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Figure S5. (a) The full XPS spectrum of Agi4Pd. The High-resolution XPS spectra of (b) Ag 3d and (c)
Pd 3d of Ag14pd

Pd(ppm) | Ag(ppm) | Ag:Pd (mol)
Ag,,Pd 2.46 34.34 13.96 : 1

Figure S6. ICP-MS analysis of metal contents and calculated ratios in Ag,4Pd.
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Figure S7. (a) The six S atoms are arranged in cyclohexane-like ‘chair’ configurations of the Agi,
core. (b) The types of S-Cu motif.

Figure S8. The packing diagram of Agy4Pd. View from a direction (a) ¢ axis and (b) b axis. (c-e)
Intermolecular interactions between clusters of Ag4Pd. The red and white dashed lines correspond
to the C-H---F and C-H---mtinteractions, respectively.
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Figure S9. (a) Emission spectra and (b) relative emission intensity of Agi4Pd in DCM with different
fractions (0%—90%) of hexane. Dynamic light scattering spectra of Agi14Pd in DMF with (c) 0% and (d)

80% of n-hexane.
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Figure S10. The time-dependent emission intensity of Ag,4Pd exposure to xenon light irritation for 3
hours in the solid state.
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Figure S11 Transition-involved molecular orbitals of Agi4Pd.
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Table S1. Crystal data and structure refinement for Ag14Pd

Agi4Pd
CCDC number 2352112
Empirical formula Cy16H150A814F30P10PdSe
Formula weight 5433.88
Temperature/K 200.00(10)
Crystal system trigonal
Space group RError!c
a/A 21.00820(10)
b/A 21.00820(10)
c/A 88.3377(5)
af° 90
8/° 90
v/° 120
Volume/A3 33764.0(4)
VA 6
P calc 8/cm3 1.603
u/mm- 11.961
F(000) 15996.0
Crystal size/mm?3 0.5x0.5x0.2

Radiation

206 range for data collection/®

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F?

Final R indexes [/>=20 (l)]

Final R indexes [all data]
Largest diff. peak/hole / e A3

CuKa (A = 1.54184)
6.294 to 145.098
-25<h<18,-17<k<25,-106 < | < 54
36726
7360 [Rin = 0.0364, Rgigmq = 0.0282]
7360/30/417

1.034

R, = 0.0270, wR, = 0.0782

R, = 0.0304, wR, = 0.0808

0.85/-0.88

R1=Z| |F0| - |Fc| I/leol ’ WR2=[Z[W(F02 - "'-CZ)Z]/ZW('EOZ)Z]1/2

S10



Table S2. Selected bond lengths (A) for Ag,,Pd

Bond lengths (A)

Agl-Ag2! 3.2279(3) Pd1-Ag43 2.76848(17)
Agl-Ag2 3.2281(3) Pd1-Ag4* 2.76834(17)
Agl-Ag2? 3.2280(3) Pd1-Ag4? 2.76842(17)
Ag2-Ag2! 2.8641(3) Pd1-Ag4s 2.76834(17)
Ag2-Ag2? 2.8642(3) Agd—Agd’ 2.9175(3)
Ag2—-Pd1 2.74634(16) Agd—Agh* 2.8730(3)
Ag2-Agh? 2.8885(2) Agl-S1t 2.6682(6)
Ag2-Agh? 2.9390(2) Agl-P2 2.5229(12)
Ag2-Agh? 2.9107(2) Ag2-S1 2.4593(5)
Pd1-Agal 2.76842(17) Agd—P1 2.4812(7)
Pd1-Ag4 2.76838(17)

-V, +X-Y,+Z20+Y-X,1-X,+Z31/3+Y,-1/3+X,7/6-7;*4/3-X,2/3-X+Y,7/6-7°1/3-Y +
X,2/3-Y,7/6-2
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