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Supplementary Information

Experimental Section
Materials and Measurement

All the reactions were carried out under an N> atmosphere by using the standard
Schlenk technique. The solvents used in this work were distilled before use, following standard
protocols. All chemicals were purchased from different commercial sources available and used
as received. [CuiiH2{S2P(OPr)2}6(C=CPh)3],! [Cu(CH3CN)4](PF¢),? [Ag(CH3CN)4](PF),>
Au(PPh3)CL* and [NH4][S2P(OPr)2]° were prepared by following the procedures reported in
literatures. NMR spectra were recorded on a Bruker Avance DPX-300 FT-NMR spectrometer
that operates at 300 MHz while recording 'H, 121.5 MHz for *'P, and 46.1 MHz for ?H. '®Ag
NMR spectrum was recorded on a Bruker AV-600 BBO probe, operating at 27.918 MHz. Used
residual solvent proton references: 5, CDCl3, 7.26 and 8, ds-acetone, 2.10. The *'P{'H} NMR
spectra were referenced to external 85% H3PO4 at 6 = 0.00 ppm. The chemical shift () and
coupling constants (J) are reported in ppm and Hz, respectively. ESI-mass spectra were
recorded on a Fison Quattro Bio-Q (Fisons Instruments, V.G. Biotech, U. K.). UV—Visible
absorption spectra were measured on a Perkin Elmer Lambda 750 spectrophotometer using
quartz cells with a path length of 1 cm. An Edinburgh FLS920 spectrophotometer recorded the
PL excitation and emission spectra with the Xe 900 lamp as the excitation source. The PL at
77 K was recorded in an EPR tube with a Cold Finger Dewars Flask. The PL decays were
measured using an Edinburgh FLS920 spectrometer with a gated hydrogen arc lamp using a

scatter solution to profile the instrument response function.

Synthesis of [1-PFs]

Cluster 1 can be prepared by the following two methods.

Method A: In a flame-dried Schlenk tube, [Cu;i1H2{S2P(O'Pr)2}6(C=CPh)s] (H2Cui1) (0.05 g;
0.0219 mmol) was added to a flask along with 10 mL acetone solvent; then [ Cu(CH3CN)4](PFé)
(0.0082 g; 0.0219 mmol) was added under vigorous stirring. The reaction was aged 10 minutes
under N> atmosphere at room temperature. The solvent was evaporated under vacuum, and the
residue was washed with methanol to remove impurities. The orange residue continued to
dissolve in acetone, and the solvent was evaporated to dryness under vacuum to get a pure
orange powder of [CuH2Cui1 {S2P(O'Pr)2}6(C=CPh)3](PFs) (1). Yield: 0.044 g, 95%, based on
Cu. Similarly, the deuterium analog of 1, [CuD2Cuii{S2P(O'Pr)2}6(C=CPh)3](PFs) was



synthesized by using [Cui1D2{S2P(O'Pr)2}6(C=CPh);] (0.05 g; 0.0219 mmol) in place of
[Cui1H2 {S2P(OPr)2} 6(C=CPh)s]. Yield: 0.040 g, 84.9% , based on Cu.

Methods B: In a flame-dried Schlenk tube, [NH4][S2P(O'Pr)2] (0.046 g; 0.2 mmol) and
[Cu(CH3CN)4](PFe) (0.149 g, 0.4 mmol) were dissolved in mixed solvent CH3CN and THF
(v/v =1/1). To this mixture, HC=CPh (40 uL; 0.4 mmol) and NEt; (40 uL; 0.4 mmol) were
added, and the reaction mixture was stirred at 32°C for 10 minutes. NaBH4 (0.0038 g; 0.1
mmol), was added to this reaction mixture and stirred for 3 hours under an N> atmosphere. The
solvent was evaporated under vacuum and residue washed with hexane (3%x15 mL) to remove
unreacted alkyne. The orange residue was washed with methanol (3x15 mL) to remove
[CusH{S2P(O’Pr)2}6]" and subsequently dissolved in acetone. Then the solvent was evaporated
to  dryness under vacuum to get a  pure orange powder  of
[CuH2Cui1 {S2P(O'Pr)2 }6(C=CPh)3](PFs) (1) (Yield: 0.023 g, 28.2 % based on Cu). Similarly,
the deuterium analog of 1 of [CuD2Cui; {S2P(O'Pr)2}6(C=CPh)3](PFe) (0.0245 g, 29.5 % based
on Cu) was synthesized by using NaBD4 (0.0048 g; 0.1 mmol) in place of NaBHa4.

(1n): ESI-MS: m/z at 2346.41 (caled. 2346.42) for [Cui2Hz {S2P(O'Pr)2} 6(C=CPh)s]* (1n)*. 'H
NMR (300 MHz, ds-acetone): 7.46-7.74 (15 H, - CsHs5), 5.24 (2H, ns-H), 4.87-5.13 (12 H, CH),
1.29-1.45 (72 H, CH;) ppm. *'P{'"H} NMR (121.49 MHz, ds-acetone): 99.5 (s, S2P) and -143.0
(sept., PFs). FT-IR data in KBr pellet (cm™): 2997.3,2952.4, 2877.3,2016.2, 1728.1, 1585.6,
1460.0, 1169.2, 1145.8, 1069.4, 960.9, 862.5, 766.7, 691.8. Anal. Calcd. for
CeoH101Cu12F6012P7S12: C, 28.91 ; H, 4.08; S, 15.43. Found: C, 29.18; H, 4.25; S, 15.33.

(Ip): ESI-MS: m/z at 2348.37 (calc. 2348.42) for [Cui2D2{S2P(O'Pr)2}(C=CPh)s;]" (1p)". 'H
NMR (300 MHz, ds-acetone): 7.46-7.74 (15 H, -CsHs), 4.85-5.14 (12 H, CH), 1.29-1.45 (72 H,
CH;) ppm. ’H NMR (46.1 MHz, acetone): 5.29 (2D, ps-D) ppm. *'P{'H} NMR (121.49 MHz,
ds-acetone): 99.5 (s, S2P) and -143.0 (sept., PFs") ppm. FT-IR data in KBr pellet (cm™): 2996.1,
2960.9, 2871.3, 2016.4, 1725.2, 1570.4, 1464.3, 1169.0, 1145.6, 1069.5, 924.2, 865.1, 765.9,
691.8.

Synthesis of [2-PF6]

In a flame-dried Schlenk tube [Cu11Hz2 {S2P(O'Pr)2} ¢(C=CPh)3] (H2Cu11) (0.05 g; 0.0219 mmol)
was added to a flask along with 10 mL acetone solvent; then [Ag(CH3CN)4](PFe) (0.009 g;
0.0219 mmol) was added under vigorous stirring. The reaction was aged 10 minutes under N»
atmosphere at room temperature. The solvent was evaporated under a vacuum, and the residue
was washed with hexane and ether (3x15 mL) to remove impurities. The black residue was

dissolved with methanol to get a black solution. Then, the solvent was evaporated to dryness
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under vacuum to get a pure black powder of [AgH>Cui4{S2P(OPr)2}6(C=CPh)s](PFs) (2).
Yield: 0.020 g, 24.6 %, based on Cu.

Similarly, the deuterium analog of 2, [AgD2Cui1 {S2P(O'Pr)2} 6(C=CPh)](PFs) (Yield: 0.019 g,
23.3 %, based on Cu) was synthesized by using [Cui1D2{S2P(O'Pr)2}¢(C=CPh)3] (0.05 g;
0.0219 mmol) in place of [Cu11H2{S2P(O'Pr)2}6(C=CPh)s].

(2u): ESI-MS: m/z at 2883.76 (calc. 2884.26) for [AgH2Cui4{S2P(O'Pr)2}6(C=CPh)s]" (2n)".
'"H NMR (300 MHz, ds-acetone): 7.49-7.76 (30 H, -CsHs), 5.15 (2H, us-H; (‘J('H-'"Ag) =
93.6 Hz, \J('H-'"Ag) = 107.7 Hz)), 4.80-5.04 (12 H, CH), 1.01-1.45 (72 H, CH3) ppm. '®Ag
NMR (27.918 MHz, dgs-acetone): 1279.5 ppm (t, 'J('H-'Ag) = 107.7 Hz). *'P{'H} NMR
(121.49 MHz, ds-acetone): 101.4 (s, S2P) and -143.0 (sept., PFs) ppm. FT-IR data in KBr pellet
(cm™): 2978.4, 2933.5, 2872.3, 2003.6, 1718.3, 1570.5, 1464.0, 1177.8, 1069.6, 972.1, 886.4,
756.9, 690.0. No satisfactory elemental anaylsis data can be acquired due to the decomposition
of cluster 2.

(2p): ESI-MS: m/z at 2554.33 (calc. 2554.32) for [AgD2Cuis{S2P(O'Pr)2}6(C=CPh)s-
{CuC=CPh},]". 'H NMR (300 MHz, ds-acetone):7.47-7.74 (30 H, -CsHs), 4.86-4.94 (12 H,
CH), 1.12-1.43 (72 H, CH;3) ppm. ’H NMR (46.1 MHz, THF): 5.15 (2D, ps-D; ("Jpag = 15.4
Hz)) ppm, *'P{'H} NMR (121.49 MHz, ds-acetone): 101.4 (s, S>P) and -143.0 (sept., PFs)
ppm.

Synthesis of [3]

In a flame-dried Schlenk tube [Cui1Hz {S2P(OPr)2}6(C2Ph)s] (H2Cuir) (0.05 g; 0.0219 mmol)
was added to a flask along with 10 mL acetone solvent; then Au(PPh3)CI (0.01g; 0.0219 mmol)
was added under vigorous stirring. The reaction was aged 10 minutes under N> atmosphere at
room temperature. The solvent was evaporated under vacuum, and the residue dissolved in
hexane. The orange solution was evaporated to dryness under vacuum to get a pure orange
powder of [AuCu;i {S2P(O'Pr)2}¢(C=CPh);Cl] (3). Yield: 0.025 g, 45%, based on Cu.

(3): ESI-MS: m/z at 2478.43 (caclc. 2478.40) for [AuCui1{S2P(O'Pr) } (C=CPh);-Cl]" [3-CI]".
"H NMR (300 MHz, ds-acetone):7.55-7.73 (15 H, -CsHs), 4.86-5.23 (12 H, CH), 1.33-1.44 (72
H, CH;) ppm. *'P{'H} NMR (121.49 MHz, ds-acetone): 97.8 (s, S2P) ppm. FT-IR data in KBr
pellet (cm™): 2989.4, 2953.4, 2870.0, 1967.4, 1736.3, 1569.2, 1463.2, 1174.0, 1140.6, 1069.4,
942.2, 861.3, 763.5, 697.0. No satisfactory elemental anaylsis data can be acquired due to the

decomposition of cluster 3.



Synthesis of [4]*

In a flame-dried Schlenk tube [AuCuii{S2P(OPr)2}6(C=CPh);CI] (0.1 g; 0.04 mmol) and
[CuC=CPh] (0.007g; 0.04 mmol) were added to a flask along with 10 mL acetone. The reaction
was aged 10 minutes under N> atmosphere at room temperature. The solvent was evaporated
under a vacuum, and the residue was washed with CH>Cly/water (3x15 mL). The CH2Cl, layer
separated, then red solution was evaporated to dryness under vacuum to get a pure red powder
of [AuCu12{S2P(O'Pr)2}6(C=CPh)4]" ([4]).7 Yield: 0.05 g, 46%, based on Cu.

[4]": ESI-MS: m/z 2642.23 (calc. 2642.37) for [AuCui2{S2P(O'Pr)2}6(C=CPh)4]" [4]". 'H NMR
(400 MHz, CDCls): 7.60-7.61 (20H, C¢Hs), 4.82 (12H, OCH), 1.12 (72H, CH3) ppm; *'P{'H}
NMR (121.49 MHz, CDCls); 101.7 (s, S2P) ppm.

Synthesis of [S-PFs]

In flame-dried Schlenk tube, [CuzoH 11 {S2P(OPr)2}9]® (0.1 g, 0.031 mmol) was suspended in
THF (5 mL) along with [Ag(CH3CN)4](PFs) (0.013 g, 0.031 mmol) and phenylacetylene (40
uL, 0.341 mmol). The resulting mixture was stirred at 30°C for 72 hours. The solvent was
evaporated under vacuum. The obtained precipitate was washed with diethyl ether (3x15 mL)
to remove impurities from the ligand. The dark residue was extracted in methanol and pass
through Al>Os. Finally, the solvent was evaporated to dryness under vacuum to get a pure dark
purple powder of [Ag@Cui2{S2P(O'Pr)2}6(C=CPh)4](PFs) (5). In this reaction, corresponding
alkenes and [CusH {S,P(O'Pr).}6](PFs) have been produced as byproducts. Yield: 0.025 g,
19.27%, based on Cu.

(5) ESI-MS: m/z at 2554.25 (caclc. 2552.31) for [AgCui2{S2P(O'Pr),}6(C=CPh)4]* (5)". 'H
NMR (300 MHz, ds-acetone): 7.47-7.73 (20H, CsHs), 4.90 (12H, OCH), 1.15-1.43 (72H, CHs)
ppm. >'P{'H} NMR (121.49 MHz, ds-acetone); 100.2 (s, S>P) and -143.0 (sept., PFs) ppm.

Single-Crystal X-ray Crystallography
The single crystals of 1-3 were mounted on the tip of a glass fiber coated with paratone oil,
then frozen. Data were collected on a Bruker APEX II CCD diffractometer using graphite
monochromated Mo Ka radiation (A = 0.71073 A) at 150 (1, 3) and 100 K (2). Absorption
corrections for the area detector were performed with SADABS,? and the integration of raw
data frame was performed with SAINT.? The structure was solved by direct methods and
10, 11

refined by least-squares against F? using the SHELXL-2018/3 package,
SHELXTL/PC V6.14.!2 All non-hydrogen atoms were refined anisotropically. The hydride

incorporated in



atoms were located from the residual electron densities and refined without constraints in
cluster 1. In cluster 2, the hydrides (H2M) were refined with distance constraints between metal
and hydrogen. In the cluster 2, both of the two oxygen atoms on P1 and one phenyl ring on
C78 were found disordered over two positions with 75% and 25% occupancy. One phenyl ring
on C70 was found disordered over two positions with 65% and 35% occupancy. Two carbon
atoms on C43 were found disordered over two positions with the same occupancy. In cluster
3, one of the isopropoxy groups on P1, CI1 atom and Cull were found disordered over two
positions with 70% and 30% occupancy. The structure reported herein has been deposited at
the Cambridge Crystallographic Data Centre, CCDC no. 2095375 (1-PFs), 2095376 (2-PFs),
and 2095378 (3).

Single-Crystal Neutron Diffraction

The hydride locations in 2 were confirmed by a single-crystal neutron diffraction experiment
using the TOPAZ single-crystal neutron time-of-flight (TOF) Laue diffractometer at ORNL’s
Spallation Neutron Source (structure 2n).!3 Single crystals suitable for neutron diffraction were
obtained by slowly diffusing hexane into a concentrated acetone solution (2:1 volume) at -4°C
for 12 days. A dark red block-shaped crystal (2.90 mm x 3.75 mm x 4.20 mm) was attached to
a MiTeGen loop using a perfluorinated grease (Krytox GPL 205) and cooled 20 K with a
Cryomech P415 pulse tube cryocooler for data collection. A total of 13 crystal orientations
optimized with CrystalPlan software!* were used to ensure better than 95% coverage of a
hemisphere of reciprocal space. Each orientation was measured for approximately 3 h. Raw
peaks intensities were obtained using the 3-D ellipsoidal Q-space integration method available
in Mantid.!> Data normalization, including Lorentz, neutron 6 TOF spectrum, and detector
efficiency corrections, were carried out with the ANVRED?3 program.'® A Gaussian numerical
absorption correction was applied with p = 1.1237 + 0.8375 A cm™!. The reduced data were
saved in SHELX HKLF2 format, in which the neutron wavelength for each reflection was
recorded separately. Non-hydrogen atom positions in the X-ray structure were used for the
initial refinement of the neutron structure. Hydrogen atoms on carbon atoms are placed using
the riding model available in SHELXL-2014.!7 The two hydrides of 2~ were located from the
difference Fourier map calculated using the neutron data. All atoms, including H, were refined
anisotropically, and the neutron structure was then refined successfully to convergence using
the SHELXL-2014 program. Selected distances and crystal data are listed in Tables 1 and S6.
The structure reported herein has been deposited at the Cambridge Crystallographic Data
Centre, CCDC no. 2095377.



Measurement Quantum Yield
The quantum yield of 3 is determined by a comparative method. Absolute values

calculated by using [Ru(bpy)s]*" as the standard sample according to the following equation:

€C 9

The subscripts “s” and “a” denote standard and analyte, respectively, @ is the
fluorescence quantum yield, F is the integrated fluorescence intensity, A is the absorbance, and
n is the refractive index of the solvent. The standard sample and compound 3 were measured

two times, respectively. The experimental parameters are listed in the following table.

Solvent  Absorbance Integrated F/A Avg. F/A  Quantum

(A) fluorescence  (*10%) (*10%)  Yield (®)
intensity (F)
Standard H>O 0.101 6.14E+07 6.08
4.38 0.040'8
Standard H>O 0.136 9.03E+07 6.64
3 2-MeTHF 0.136 6.42E+07 4.72
1.35 0.033
3 2-MeTHF 0.141 6.84E+07 4.86

Computational Detail

Geometry optimizations were performed by DFT calculations with the Gaussian 16
package, ' using the PBEO functional, 2° and the all-electron Def2-TZVP set from EMSL Basis
Set Exchange Library.?! All the optimized geometries were characterized as true minima on
their potential energy surface by harmonic vibrational analysis. The Wiberg bond indices were
computed with the NBO 6.0 program 2> The UV-visible transitions were calculated by means
of TD-DFT calculations.?* Only singlet-singlet, i.e. spin-allowed, transitions were computed.
The UV-visible spectra were simulated from the computed from the TD-DFT transitions and
their oscillator strengths by using the SWizard program,>* each transition being associated with
a Gaussian function of half-height width equal to 3000 cm™!. The compositions of the molecular
orbitals were calculated using the AOMix program.?® The 'H chemical shifts were computed

according to the gauge including atomic orbital (GIAO).%
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[AgH2Cu14{S;P(OPT)2}6(C=CPh)s] (PFs) [AgCu12{S2P(O'P1)2}6(C=CPh)4](PFs)
2 )

-+H

Agr+2H _,Ag

-[CuC — CPh]
[AgH2Cuy3{S,P(0PT)2}6(C= CPh)s| (PFe) [AgH2Cuy2{S2P(O°PT)3}6(C= CPh)4](PFs)

-[CuC — CPh]

Scheme S1. Degradation of cluster 2 into a 2-electron bimetallic cluster 5 via successive losses

of [CuCCPh] followed by an internal redox reaction.

+ [CuC= CPh]

' ' 1 0 T
[Cu'11HaLeL's] + Au(PPhs)Cl T’ [Cu'y1AuLgL'5Cl] » [Cu 12AU+L<>L 4]
3) *

-H, (46.9%)

Au(l) =Au(0)

L =[S,p(0'P1),]
L'=C=CPh

Scheme S2. Formation of compound 4 from 3 via reacting with one equiv. of [CuC=CPh]. The

2-e superatomic alloy 3 is formed via an internal redox reactions.
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Figure S1. ESI-MS spectra of cluster [1n]" and [H2Cu11] in positive mode. Inset: Experimental
one in top (black) and theoretical one in bottom (red) of (a) [1u]" and (b) [H2Cu1].
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Figure S2. ESI-MS spectra of cluster [1p]” and [D2Cu;,] in positive mode. Inset: Experimental
one in top (black) and theoretical one in bottom (red) of (a) [1p]" and (b) [D2Cuu1].
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Figure S14. The simulated splitting pattern of hydrides (top) and '"H NMR spectrum cluster 2

(bottom) at room temperature.
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Figure S16. The simulated splitting pattern of deuteride (top) and >H NMR spectrum of cluster

2p in tetrahydrofuran solvent (bottom) (46.1 MHz, room temperature).
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Figure S24. The a) emission and b) excitation spectra of cluster 3 in 2-MeTHF at 77K and

ambient temperature. c) excitation spectra of clusters 2 and 3 in 2-MeTHF at 77K.
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Figure S25. The emission lifetime of cluster 3 at ambient temperature.
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Figure S26. The emission spectra of cluster 3 and AuCuiz in 2-MeTHF at ambient temperature.
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Figure S29. VT *'P{'H} NMR spectra of cluster 1 in ds-acetone.
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Figure S30. Degradation of cluster 2 into 5 under daylight in CDCI3 monitored by time-
dependent '"H NMR spectroscopy.
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Figure S31. '"H NMR spectrum of cluster 5 in ds-acetone.
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Figure S32. Degradation of cluster 2 into 5 under daylight in CDCI3 monitored by time-
dependent 3'P{'H} NMR spectroscopy.
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Figure S33. *'P{'H} NMR spectrum of cluster 5 in ds-acetone.
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Figure S34. Positive-mode ESI-MS of degradation product [5+2H]"; inset show experimental

(black) and simulated (red) isotopic distribution pattern.
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Figure S35. The time-dependent UV-vis absorption spectra cluster 2 in CH>Cl, under light.
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Figure S37. UV-vis absorption spectra of cluster 2 in CH>Cl, in dark condition.
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Figure S38. Colour changes from clusters 2 to 5 under daylight in dichloromethane.
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Figure S39. Partial decompositions of cluster 3 into 4 in CDCl; at ambient temperature
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Figure S40. Partial decompositions of cluster 3 into 4 in CDCl; at ambient temperature

monitored by *'P{'H} NMR spectroscopy.
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Figure S41. Positive-mode ESI-MS depicts the decomposition of cluster 3 to two-electron
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Figure S42. '"H NMR spectrum of cluster [4]* in CDCls.
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Figure S43. 3'P{'H} NMR spectrum of cluster [4]* in CDCls.
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Figure S44. The TDDFT-simulated spectra of 1°, 2°, and 3°. (normalized absorbances)
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Figure S45. The 'H NMR spectra of 1:1 mixture of CujiHz and CuyiD2 with Cu*
ions in ds-acetone. (Inset: the expanding 'H NMR spectra of 1 from 4.0-6.0 ppm)
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Figure S46. The ’H NMR spectra of 1:1 mixture of Cui1Hz and Cu1D> with Cu*

10ns.
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Figure S47. The 'H NMR spectra of 1:1 mixture of Cui1Hz and Cui1D2 with Ag*
ions in ds-acetone. (Inset: the expanding 'H NMR spectra of 2 from 4.0-6.0 ppm)

7.26
— 5623
——495
—4.81

Hq-D,AgCuU,
5.036 ppm (Y5 4, = 26.05 Hz)

p_/\,N/u\_m,/\-\.N«/“ N e P

T T T T T T T T T T T T T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

Figure S48. The ’H NMR spectra of 1:1 mixture of Cui1Hz and Cuii1D2 with Ag*

10ns.
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Figure S49. The '"H NMR spectra of 1:1 mixture of Cuj1Hz and Cup1D2 with Au*

ions in CDCl;. (Inset: the expanding 'H NMR spectra of 3 from 4.0-6.0 ppm)
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Figure S50. The 2H NMR spectrum of a 1:1 mixture of CuiiHz and CuiiD> with
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Figure S51. Partial decompositions of cluster 3 into 4 in CDCIl; at ambient

temperature monitored by time-dependent 'H NMR spectroscopy.
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Table S1. The chemical shift and coupling constants of 2u derived from 'H and '"Ag spectra.

'H chemical TH-1V7Ag 19Ag chemical shift TH-1Ag
. lH_109Ag (HZ)

shift (ppm) (Hz) (ppm) (Hz)
5.1519 93.6 107.7 1279.5 107.7

Table S2. The chemical shift and coupling constants of 2p.
’H chemical shift (ppm) ’H-1Ag (Hz) H-"“Ag (Hz)

5.151 14.4 16.5
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Table S3. Selected X-ray crystallographic data of 1, 2, and 3.

CCDC no.
Empirical formula

Formula weight
Temperature, K
Wavelength, A
Crystal system
Space group

a, A

b, A

c, A

o, deg.

B, deg.

Y, deg.

Volume, A3

V4

p, Mg m*

u, mm!

Crystal size, mm®

Omax, deg.

Reflections collected /
unique

Completeness, %
restraints / parameters

GOF
aR1, "wR2 [I>26(1)]

aR1, "wR2 (all data)

Largest diff. peak /
hole, e A3

1.PFs
2095375
CooH101Cu12F6012P7S12
2492.39
150(2)
0.71073
Orthorhombic
Pbca
25.4321(10)
26.7372(10)
27.2015(10)
90
90
90
18496.6(12)
8
1.790
3.152
0.15x0.13 x0.05

26.415

153228 /18980
(Rint = 0.0487)

100
0/1014

1.128

R1=0.0344, wR2 =
0.0735
R1=0.0546, wR2 =
0.0842

1.557, -0.918

2.PFs

2095376

Ci77H250Ag2CuzsF 12027
P14S24

6235.64
100(2)
0.71073
Triclinic
P(-)1
14.4641(17)
15.546(3)
28.242(4)
100.713(4)
95.769(3)
107.040(2)
5884.1(15)
1

1.790

3.004
0.40x 0.16 x 0.06

25.000

33926 /20388
(Rint = 0.0215)

98.3
700/ 1354

1.028

R1=0.0411, wR2 =
0.1091
R1=0.0501, wR2 =
0.1186

1.689, -1.285

2095378

C60H99AuClCU1 10 12PGS
12
2514.28

150(2)
0.7103
Triclinic
P(-)1
14.4079(12)
17.0567(15)
19.5459(16)
92.092(2)
107.322(2)
92.615(2)
4574.57(7)
2

1.825

4.553

0.09 x 0.09 x 0.08

25.000

26677/ 15895
(Rine = 0.0296)

98.7
3/972

1.021

R1=0.0477, wR2 =
0.1276
R1=0.0680, wR2 =
0.1465

2.111, -2.156

“R1=3| | F,|-|Fc| |/Z|F,| PwR2={S[w(F,? - FA2/Z[W(F2)]} 2.
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Table S4. 298 K absorption, emission, and lifetime of 3 (AuCui1) and 4 (AuCui2)

Lifetime,
Amax(nm) Aem Kobs, 1/t(us™); | kran® | knrp?
Compound T(us) Den
[eM*m™)] | (nm) one-exp (us™) | (us™)
One-exp*
AuCutt | 375 384 435,
606 3.75 0.033 0.27 0.009 | 0.26
495, 550 [7840]
3)
AuCui2 326, 433
637 3.20 0.32 0.31 0.10 0.21
) 480,540 [8510]

“ mean emission lifetime (t). “emission quantum yield (see page S1(SI)). “Dem= kranKobs, Krap =

radiative rate constant and keps = mean excited-state decay rate constant. “kobs = krap + knrp, knrp =

nonradiative rate constant.
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Table SS. Selected DFT-computed data for the considered hydride clusters

CunH2’ | 2(Cuy’ 2’
HOMO-LUMO gap (eV) 3.72 4.19 3.87 3.87
1.638 1.746 2.064
Mcent‘H =
[0.217] [0.153] [0.129]
. 1.888 2.448 2.028
Interatomic Cuopea-H | 1.888 [0.070]
distances (A) and [0.036] [0.011] [0.036]
Wiberg indices 1.994
(avg. values) Cuwi-H 1.7490.097] [0.049] - -
1.821 1.855
Cuico-H - -
[0.077] [0.079]
Cutop/eap 0.74 0.72 0.66 0.66
Cugi 0.68 0.76 - -
NAO charges
Clico - - 0.77 0.80
(avg. values)
H (hydride) -0.69 -0.66 -0.64 -0.63
McentHZ ul’llt - ‘0.88 ‘1 .02 ‘1 .22
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Table S6. Neutron crystallographic data of 2x.

CCDC no.

formula

formula weight

crystal system

space group

a(A)

b (A)

c(A)

o (deg)

P (deg)

Y (deg)

V (A3

4

T (K)

Crystal size (mm)

L (A)

p (Mg m™)

p(cm)

measured reflns. / unique
restraints / no. of params. refined
R1% (observed), wR2° (all)
GOF

largest diff. peak and hole (fm A-)

2095377

CsaH116AgCui4 FsO12P7S12

3030.70
Monoclinic
P2i/c
25.8195(16)
16.0651(14)
27.1311(15)

90

102.683(5)

90

10979.2(13)

4

20(2)
4.20x3.75x2.90
0.43-3.50
1.834

0.11237 + 0.08375A
35886 /9151
54 /1955
0.0543, 0.1301
1.228

0.783 and -0.984

R1°=X| | F,|-|Fel| | /S| F,|. wR2? = {S[W(F.? - FA)X/S[w(F2)]} 2.
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