


Experimental Section:

Materials: All reagents and solvents employed in the synthetic study
were commercially available and used as supplied without further
purification. Solid-state reflectance spectron was recorded on a SHIMADZU
UV-3101PC UV-VIS-NIR Scanning Spectrophotometer by using BaSO,
powder as 100% reflectance reference. Powder X-ray diffraction pattern was
collected using a Bruker D8-Advance powder diffractometer operating at
40kV, 40mA with Cu Ka(A =1.54056 A) radiation (26 range, 4-40°; step,
0.02°; scan speed, 60 s/step). Semiquantitative elemental analyses of the
compound was performed with a Philips FEI XL30 scanning electron
microscope (SEM) equipped with energy dispersive spectroscopy (EDS)

detector.

Synthesis of OCF-61-SnOSe: A mixture of tin (0.118 g, 1.0 mmol),
selenium (0.079 g, 1.0 mmol), N-(2-aminoethyl)ethanolamine (AEAE, 2.0
mL, 20 mmol), ethylene glycol (EG, 3.0 mL) and distilled water (2.0 mL) is
prepared and stirred in a 23 mL Teflon-lined stainless steel autoclave for 1
hr. After the vessel is sealed and then heated at 190 °C for 12 days, the
autoclave is subsequently cooled to room temperature. A few yellow square

block crystals companied with lots of black powder are obtained.

Synthesis of non-adamantane-SnSe: A mixture of tin (0.118 g, 1.0
mmol), selenium (0.079 g, 1.0 mmol), 1,8-Diazabicyclo[5.4.0]-7-undecene
(DBU, 2.0 mL, 20 mmol), ethylene glycol (EG, 3.0 mL) and distilled water
(2.0 mL) is prepared and stirred in a 23 mL Teflon-lined stainless steel
autoclave for 1 hr. After the vessel is sealed and then heated at 190 °C for 12
days, the autoclave is subsequently cooled to room temperature. A few red

block crystals are isolated.



Single-crystal X-ray diffraction: Single-crystal X-ray analysis was
performed on a Bruker Smart APEX II CCD area diffractometer with
nitrogen-flow temperature controller using graphite-monochromated MoKa
radiation (4 = 0.71073 A), operating at 50 kV and 30 mA and in the w and ¢
scan mode. The SADABS program was used for absorption correction. The
structure was solved by direct methods and refined by full-matrix least-
squares on F? using SHELXTL software suites.! Non-hydrogen atoms were
refined with anisotropic displacement parameters during the final cycles.
Solvent molecules in the lattice, could not be resolved from Fourier maps

due to the high degree of positional disorder.



Table S1. Crystal Data and Structure Refinements for OCF-61-SnOSe.

Compound reference
Chemical formula
Formula Mass

Crystal system

alA

b/A

c/A

o/°

pr°

y/°

Unit cell volume/A3
Temperature/K

Space group

No. of formula units per unit
cell, Z

No. of reflections measured
No. of independent reflections
Rin

Final R; values (I > 2a(1))
Final wR(F?) values (I > 20(1))
Final R; values (all data)
Final wR(F?) values (all data)
Goodness of fit on F?

OCF-61-SnOSe

Sny016Se77

11321.74

Orthorhombic

35.2905(11)
24.1793(8)
35.0776(12)
90.00

90.00

90.00
29931.7(17)
150(2)
Pben

4

26312
15504
0.0710
0.0518
0.1612
0.1145
0.2016
1.046

Non-adamantane-SnSe
CyoH;7N>Se-;Sn;
1060.22
Orthorhombic
13.83800(10)
23.1751(2)
9.80980(10)
90.00

90.00

90.00
3145.97(5)
150(2)
P2(1)2(1)2

4

32850
6485
0.0294
0.0305
0.0329
0.0953
0.0965
1.106

R, = Z||F0| '|Fc||/z|Fo|o WR = {ZW[(FO)Z '(Fc)z]z/zw[(Fo)z]z}l/z'



Figure S1. View of proposed T chalcogenide cluster and its highlighted
core and face, of which unequal sites of chalcogens and metal ions labelled
by X(1-9), M(1-6) respectively. X1 (4-coordinated, at edge of T,-type core),

X2 (4-coordinated, at corner of T,-type core), X3 (3-coordinated, at centre



of the face), X4 (3-coordinated, closest to X3 and in the face), X5 (3-
coordinated , second closest to X3 and in the face), X6 (2-coordinated, at
centre of the edge), X7 (2-coordinated, closest to X6 and on the edge), X8
(2-coordinated, second closest to X6 and on the edge), X9 (2-coordinated, at
corner of superhedron), M1 (in the core of superhedron), M2 (closest to the
centre of the face and in the face), M3 (second closest to the centre of the
face and in the face), M4 (closest to the centre of the edge and on the edge),
MS5 (second closest to the centre of the edge and on the edge), M6 (at corner

of superhedron).



Table S2. A summary of unequal sites of chalcogens and metals in a
proposed T cluster.

Unequal Number Coordination Position Local Charge'
ChalcogenideSites Environment

X1 6 M1),(M2), Core 0

X2 4 M1)(M3); Core 0

X3 4 M2); Face -0.5~0.25
X4 24 M2)(M3)(M4) Face -0.5~0.25
X5 12 M3)(M5), Face -0.5~0.25
X6 6 (M4), Edge -0.5~0
X7 12 M4)(MS) Edge -0.5~0
X8 12 M5)(M6) Edge -0.5~0
X9 2(=4-2)* (M6), Corner -0.5~0
Unequal Metal Number Coordination Position Proposed
Sites Environment Charge$
M1 4 (X1)3(X2) Core 0,1,2+
M2 12 (X1)(X3)(X4), Face 1,2,3,4+
M3 12 (X2)(X4),(X5) Face 1,2,3,4+
M4 12 (X4)2(X6)(XT) Edge 2,3,4+
M5 12 (X5)X7)(X8) Edge 2,3,4+
M6 4 (X8)3(X9) Corner 2,34+

“Number of X9 chalcogen is 2(=4-2) per cluster for network of covalently connected
clusters via corner sharing.

TValence sum of chalcogenides from adjacent cations (deducted by 2) refers to as its local
charge. Unlike strict local charge balance for the core chalcogenide sites, negative charge
of the surface chalcogens (at the face, edge, and corner) could also be balanced by
additional cationic groups, but its local negative charge density could not be too high
(probably available with -0.5~0.25 for each surface chalcogen).

SProposed valence state of the core and surface metals (lower-valent as 0,17,2" for core
ions, higher-valent as 2%,3",4* for edge and corner ions). One proposed Ts-
(MI/MZ/M3*/M**)x(X?), clusters, with detailed distribution of assigned metals as
belows.



Figure S2. One proposed Te-(M"/M?*/M3*/M*")(X*), clusters.

supertetrahedra T,,, and T,, from basic

Figure S3. Construction of super-

supertetrahedral T, and T, clusters, respectively.



