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Figure S1. ESI-MS spectra of the cluster [1a-PFs]" in positive mode. Inset: Experimental in the

top (black) and theoretical one in the bottom (red) of [1a-PFs]".




x104

Intens.

1.25 1

1.00 1

0.50 1

0.25 A

0.00 A

1000

2526.3983
2524.3984

2522.4001 2528.3955

2530.3958
2520.4004

2531.3936

2533.3879

2518.3992

255 2535.0 25375

[1b]* =N
2526.3983 2520 2625 2630 o
m/z
[ | W v . : : : ' I I |
2000 3000 4000 5000 6000 7000 8000 9000 miz

Figure S2. ESI-MS spectra of the cluster [1b-PFs]" in positive mode. Inset: Experimental in the

top (black) and theoretical one in the bottom (red) of [1b-PFe]".
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Figure S3. "H NMR spectrum of cluster 1a in ds-acetone.
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Figure S4. "H NMR spectrum of cluster 1b in ds-acetone.



CcI8L°0

186¢°1
SI8¢1
Y0V’
Lyv0'C

N

L£0O
€1 L0
920’
STE0
8¢SO
9¢.L0"

T

'

1=
[N
} /l
! SOV S HS
hm
o~ 0¢LST o
—are——————3 O
Q
— ¢
YII9v S
o — &
(5]
-
[/|¢ntv.1v
—= 3
< 6018 1T =
/ Gy
o
g
" =
Q
O
2
s
- Z
=
v
s »n
J( m
08ST LT o
s S



= oven ~ =
- . 8
= bl p=: s
R A :
o [\ KeN] ~N o~
i i 2 s Cu
\ g
. b a ./
T < — - Cu
d € N
\
\
\
& Cu
f /*\/*
C s O
H |E I \0
At Y AT I A LA A A A g8 el N B W
f T T [ T T T T T T T T
134 133 132 131 130 129 128 127 ,126 125 124 123 122 ppm
Tp) — MmN O
Lo — O W WL 7o) —i O~~~ MN W
o™ W onow @ o) MO N OO LA
o~ oW W ~ o OHNMMM < OW
. o i NDMHOASO MO O
Te} NOYO M~ . . & u & 5 e @ woiesH
& M ANNNAN ~ o~ YOOV O WWM
~ — @ o~ NNNNNNNNOD
\ 0 | — (; 2
W : | | ~\
® *
Ll
i s wicad
88 87 ppn *
A
|
|
|
R M.L\ L ] -
T I T T I T I T T I T 1
220 200 180 160 140 120 100 80 60 40 20 ppm

Figure S6. 3C NMR spectrum of cluster 1a in ds-acetone. Inset; the expanded spectra for 1*C

NMR of phenyl rings. The (*, *, and *) highlighted are the *C NMR of the 'Pr alkyl group in the

dithiophosphate ligand.
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Figure S7. °C NMR spectrum of cluster 1b in ds-acetone. Inset; the expanded spectra for °C
NMR of phenyl rings. The (*, *, and *) highlighted are the 1*C NMR of the ‘Pr alkyl group in the
dithiophosphate ligand.
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Figure S8. °C NMR spectrum of cluster 1c in ds-acetone. Inset; the expanded spectra for '*C
NMR of phenyl rings. The (*, *, and *) highlighted are the 1*C NMR of the ‘Pr alkyl group in the
dithiophosphate ligand.
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Figure S9. 3'P{'H} NMR spectrum of cluster 1a in ds-acetone.
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Figure S10. 3'P{"H} NMR spectrum of cluster 1b in ds-acetone.
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Figure S11. *'P{'"H} NMR spectrum of cluster 1¢ in ds-acetone.
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Figure S12. Time-dependent 'H NMR spectrum of cluster 1a in ds-acetone.
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Figure S13. Time-dependent *'P{'H} NMR spectrum of cluster 1a in ds-acetone.

14



851,

0

75

70

65

60

35

30

%T
4

40 ]

35

30

25 |

0

15
115

40000

Figure S14. FT-IR spectrum of cluster 1a.
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Figure S15. FT-IR spectrum of cluster 1b.
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Figure S16. FT-IR spectrum of cluster 1c.
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Figure S17. ESI-MS spectra of the cluster [2a-PFs]" in positive mode. Inset: Experimental in the

top (black) and theoretical one in the bottom (red) of [2a-PF¢]".
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Figure S18. ESI-MS spectra of the cluster [2b-PFs]" in positive mode. Inset: Experimental in the
top (black) and theoretical one in the bottom (red) of [2b-PFe]".
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Figure S22. 1°C NMR spectrum of cluster 2a in ds-acetone. Inset; the expanded spectra for *C

NMR of phenyl rings. The (*, *, and *) highlighted are the 1*C NMR of the ‘Pr alkyl group in the

dithiophosphate ligand.
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Figure S23. °C NMR spectrum of cluster 2b in ds-acetone. Inset; the expanded spectra for *C
NMR of phenyl rings. The (*, *, and *) highlighted are the *C NMR of the ‘Pr alkyl group in the
dithiophosphate ligand.
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Figure S24. 3C NMR spectrum of cluster 2¢ in ds-acetone. . Inset; the expanded spectra for °C
NMR of phenyl rings. The (*, *, and *) highlighted are the *C NMR of the 'Pr alkyl group in the
dithiophosphate ligand.
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Figure S25. 3'P{'H} NMR spectrum of cluster 2a in ds-acetone.
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Figure S26. 3'P{'H} NMR spectrum of cluster 2b in ds-acetone.
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Figure S27. 3'P{'H} NMR spectrum of cluster 2¢ in ds-acetone.
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Figure S28. FT-IR spectrum of cluster 2a.
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Figure S30. FT-IR spectrum of cluster 2c.

ol

31

1600 1400

1000

800

600 4500



70 1 T T ' T T | ' | ' | T T
(1a) ]
60 - ——(1b)[]
o (1c) .
__ 504 (2a)
3 ; — (2b) |
(4] ,
8 J ———(2¢)
el 40 (2¢c)
£ | ]
S 304 J i
£
50 - -
/ff;jff
10 j;” ‘\\ - g d
| \E:E;\jm i m\ 3
0 1 L U

* T g T X T : T
300 320 340 360 380 400 420 440
Wavelength (nm)
Figure 31. The excitation spectra of cluster 1a-c¢ and 2a-c in 2-MeTHF at 77 K.
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Table S1. Selected X-ray crystallographic data of 1a-¢ and 2a-c.

1a 1b 1c 2a 2b 2c

CCDC number 2169261 2169262 2169263 2169264 2169265 2169266
Empirical CesH104ClCui2 | CesHi04BrCuia gﬁilf_’llg(;lzlczgz CssHi104Agi2Cl | CesHioaAgi2Br | CesHiosAgioFs
formula FsO12P7S12 FsO12P7S12 )21CO7 : FsO12P7S12 FsO12P7S12 1012P7S12
Formula weight | 2626.95 2671.41 2776.46 3268.99 3203.37 3250.36
Temperature, K| 150(2) 150(2) 1502) 150(2) 150(2) 150(2)
Wavelength, A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
Crystal system Monoclinic Monoclinic Triclinic Triclinic Triclinic Triclinic
Space group P2i/n P2i/n P-1 P-1 P-1 P-1
a, A 18.626(2) 18.6194(15) | 16.7070(19) | 21.3242(6) | 21.4279(7) | 21.4823(3)
b, A 23.462(3) 23.4762(18) | 17.367(2) 22.8389(6) | 22.7192(8) | 22.6593(9)
¢, A 22.637(3) 22.7144(18) | 19.993(2) 23.6053(6) | 23.7146(7) | 23.8050(9)
a, deg. 90 90 66.877(2) 79.8300(6) | 99.8543(7) | 99.8379(8)
B, deg. 90.394(3) 90.280(2) 83.253(2) 89.9697(6) | 90.3872(7) | 90.4695(9)
v, deg. 90 90 71.002(2) 63.8667(6) | 116.2836(7) | 116.3596(8)
Volume, A3 9892.1(19) | 9928.6(14) | 5044.1(10) | 10120.05) | 10153.96) | 10183.7(7)
z 4 4 2 4 4 4
Caleulated ) 40, 1.787 1.828 2.080 2.095 2.120
density, Mg m
Absorption
coefficient, mm™ | 2.978 3.342 3.202 2.712 3.070 2.971
1
Crystal size, 0.30x0.17x0.1 | 0.10x0.07x0.0 | 0.20x0.12x0.0 | 0.25x0.24x0.0 | 0.25x0.16x0.0 | 0.25x0.13x0.1
mm? 0 5 4 7 5 0
Omax, deg. 27.143 25.000 24.999 27.154 24.999 25.000
Reflections
collected / 123710/21882 | 58959/17453 32764/17534 80345/43760 60899/35292 75557/35369
bnicue [Rin=0.0372] | [Rin=0.0367] | [Rin="0.0242] | [Rin=0.0171] | [Rin=0.0196] | [Rin="0.0208]
;)Ompleteness’ 100 99.9 98.6 98.6 98.7 98.6
restraints / 469/1079 523/1111 134/1171 922/2212 1053/2237 929/2219
parameters
GOF 1.038 1.015 1.026 1.022 1.017 1.047
4 Rl,b wR2 R1=0.0302, R1=0.0310, R1=0.0612, R1=10.0325, R1=10.0350, R1=0.0415,
[I>20(1)] wR2 =0.0704 | wR2=0.0680 wR2=10.1743 wR2=0.0762 wR2=0.0931 wR2=10.1023
4 Rl,b wR2 (all R1=0.0366, R1=0.0460, R1=0.0784, R1=0.0404, R2=0.0438, R1=0.0496,
data) wR2 =0.0740 | wR2=0.0750 wR2=0.1933 wR2=0.0816 wR2=0.1002 wR2=0.1103
Largest diff.

1.228/-1.460 1.043/-0.796 2.710/-0.872 2.131/-1.783 1.924/-1.529 2.389/-2.226

peak / hole, e A-
3

"RI=X| | F,|-|Fc| | /S| F,|."wR2={Z[W(F,? - FEVE[W(F2)?]} 12
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