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Experimental Section
Materials and Instrumentation.

All the chemical reagents were commercially purchased and used without further
purification. IR spectrum was obtained on a Vertex 7.0 spectrometer equipped with
attenuated total reflectance (ATR) measurements. Powder XRD pattern was obtained
by using a Miniflex600 diffractometer with CuKo radiation (A = 1.54056 A).
Elemental analyses (C, H, and N) were performed on a vario MICRO elemental
analyzer. ESI-MS was carried out on Impact 1l UHR-TOF (Bruker). The 1H NMR

spectrum was measured on the Bruker AVANCE 11 spectrometer (400MHz).

Synthesis of TOC-9: Butyltin hydroxide oxide (208.8 mg, 1.0 mmol), 3, 5-
dihydroxybenzoic acid (154.1 mg, 1.0 mmol), acetonitrile (5 mL) were mixed and
sealed in a 20 mL vial, then transferred to a preheated oven at 80 °C for 5 days, and
cooling crystallized at room temperature to obtain the colorless crystals (yield: 5 %
based on Sn). In addition, the yield of the TOC-9 can be improved to some extent by
adding NaOH (10 mg) to this reaction, but the obtained crystals become smaller. Anal.

calcd for Sn1g0e1C170H262 (%): C, 34.61; H, 4.44. Found: C, 34.31; H, 4.42.

Computational Methods

DFT calculations. The initial geometric structures of the Snis wheel cluster were
taken from the X-ray diffraction data. The butyl groups of Snis are replaced by the
methyl groups to simplify the theoretical calculation. The molecular geometries were
fully optimized to the local energy minima, which have been confirmed by no
imaginary harmonic vibration frequency. All the calculations were using Gaussian

16.11 The ground-state equilibrium geometries of Snis cluster were fully optimized



using B3LYP functional and 6-31g(d, p) basis sets for C, H, and Lanl2DZ basis set
for metal atoms, with D3 dispersion correction of Grimme,>®! The frequency-
dependent NLO response is calculated by the complete summation sum-over-states
(SOS) method. TDDFT and the static third-order nonlinear polarizability calculations
of the Snas cluster were used cam-B3LYPI!and 6-31+g(d, p) basis sets for C, H. In
order to get a deeper understanding of the wave function, Multiwfn** and VMD!*2
software was used to analyse the electronic structures, excitation characteristics and
(hyper)polarizability. The SOS method™ is a common method of NLO calculation.
Static hyperpolarizabilities can be calculated from the energy of each excited state and
the transition dipole moment between each excited state. As shown in the following

formula:
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AB,C..., and so on denote one of directions; w is energy of external fields; Aj
stands for excitation energy of state i with respect to ground state 0; pi* is a
component of transition dipole moment between state i and j.

We used the magnitude of hyperpolarizability to quantitatively study the nonlinear

polarizability of the system.
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The total magnitude of y is measured as
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The second and third nonlinear optical polarizability density along the backbone
was calculated. The contrast between the dipole moment after Taylor expansion and
electron density gives the hyperpolarizability of oligomer unit as follow:
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X-ray Crystallography:

X-ray diffraction data of compound TOC-9 was collected on a MMOO07-
Saturn724+ diffractometer with graphite-monochromated MoKo (A = 0.71073 A)
radiation. The program SADABS was used for absorption correction. The structure
was solved by direct methods and refined on F? by full-matrix least-squares methods
with the SHELX 2016 program package.** The intensity of diffraction for TOC-9 is
weak at high angles. Some disordered solvent molecules of TOC-9 are not identified
in the structure, and are removed by using the SQUEEZE routine of PLATON.™ The
details of the SQUEEZE corrections, including the volume of void space and electron
counts, are provided in the cif file. The numbers of disordered solvent molecules of
TOC-9 are determined by the elemental analysis. CCDC 2055071 contains the

supplementary crystallographic data for this paper.



Table S1. Crystal data collection and refinement details for TOC-9.

Compound TOC-9
Formula Sn18091Ca70H262
Fw 5898.20
Crystal system Orthorhombic
space group Pmna

al A 27.106(6)

b/ A 15.460(3)

o A 46.953(10)
aldeg. 90

pldeg 90

yldeg 90

v/ A3 19676(7)

z 2

Dc /mg m-3 0.996

F(000) 5820

T/K 293(2)
w/mm? 1.169

6 range /© 2.045-27.486
Reflections collected 122013
Independent reflections 22601

GOF (F?) 1.096

RyWR:2 [1 >26 (1)] 0.0687/0.1977
Ri/wR2[* (all data) 0.0871/0.2155

aR1 = Z||Fo|'|Fc||/2|Fo|, WR2 = [ZW(FOZ—FCZ)Z/ZW(Foz)]uz.

Table S2. Bond valence sum calculations(® of u3-O atoms in asymmetric unit of TOC-9.

021.836
Sn1-02 0.665 d=2.056(5)
Sn2-02 0.582 d=2.105(3)
Sn1-02#1 0.589 d=2.101(3)

03 1.869
Sn1-03 0.628 d=2.077(3)
Sn2-03 0.625 d=2.079(5)
Sn5-03 0.616 d=2.084(4)

04 1.754
Sn3-04 0.602 d=2.093(7)
Sn4-04 0.576 d=2.109(2)
Sn4-04 0.576 d=2.109(2)

05 1.977
Sn4-05 0.647 d=2.066(4)
Sn5-05 0.628 d=2.077(5)
Sn2-05 0.702 d=2.036(4)

06 1.929
Sn3-06 0.640 d=2.070(3)
Sn4-06 0.620 d=2.082(5)
Sn5-06 0.669 d=2.054(4)

Symmetry transformations used to generate equivalent atoms: #1 X, -y, -z.




v; = Zvi; = Ziexp[(ro-rij)/B], where ro is the bond-valence parameter (here r;=1.905 for Sn"-0),

rij is the bond length between atoms i and j; B is a constant, the “universal parameter” ~0.37 A; v;
is the valence of a bond between atoms i and j; Vi is the sum of all bond valences of the bonds

formed by a given atom i.[1%

Table S3. Crucial vertical excitation properties of Snis

Transition Amax f Electronic transition

S0-S4 292 0.1588 H-2 -> L+1151.3%, H-8 -> L+2 33.8%

S0-S22 258 0.1680 H-5 -> L+13 39.0%, H-5 -> L+1 21.8%, H-5 -> L+5 16.6%

S0-S23 257 0.1303 H-6 -> L+12 39.7%, H-6 -> L 27.8%, H-6 -> L+4 11.8%

S0-S26 248 0.3498 H-12 -> L+9 64.9%, H-12 -> L+4 7.5%, H-12 -> L+6 5.6%, H-16 -> L+9 5.0%

S0-S27 246 0.1650 H-10 -> L+10 64.1%, H-10 -> L+3 8.5%

S0-S30 244 0.1914 H-18 -> L+2 54.4%, H-22 -> L 14.4%

S0-S38 237 0.1367 H-21 -> L+5 33.6%, H-21 -> L+3 11.5%, H-5 -> L+1 11.5%, H-5 -> L+13
6.9%, H-2

S0-S40 236 0.1308 H-5-> L+13 27.5%, H-5 -> L+1 25.5%, H-24 -> L+3 13.9%

S0-541 235 0.2347 H-24 -> L+3 13.8%, H-11 -> L+11 10.2%, H -> L+7 6.5%,

H-26 -> L+1 5.8%

S0-S42 235 0.5086 H-23 -> L+4 18.4%, H-6 -> L+12 9.4%, H -> L+7 8.0%,
H-22 -> L+4 6.6%, H-26 -> L+1 6.4%, H-6 -> L 5.9%

S0-S43 234 0.1898 H -> L+7 7.5%, H-24 -> L+3 6.6%, H-21 -> L+5 6.6%,
H-23 -> L+4 6.3%

S0-S47 232 0.1652 H-25-> L+6 31.1%, H-2 -> L+3 10.4%
S0-548 232 0.1685 H-25 -> L+6 5.5%, H-81 -> L 5.1%
S0-S57 228 0.5894 H-26 -> L+1 12.3%, H-17 -> L+7 11.1%, H-20 -> L+7 10.7%, H-9 -> L+7

7.1%, H-22 -> L+8 6.9%, H-9 -> L+1 5.0%

Jmax and f are the maximum absorption wavelength and oscillation strength. H and L denote

HOMO and LUMO, respectively.




Table S4. Interfragment charge transfer (IFCT) of main excited states for the Snig wheel cluster.

main excited MLCT(metal to LLCT(ligand to ligand LE (localized
states ligand charge charge transfer) excitation)
transfer)

S0-S4 5.0% 0.5% 94.5 %
S0-S22 2.0% 0.5% 97.5%
S0-S23 2.0% 0.4% 97.6 %
S0-S26 14% 0.3% 98.3%
S0-S27 15% 0.1% 98.4 %
S0-S30 6.0 % 7.0% 87.0%

Figure S1. The asymmetric unit of TOC-9. Atom color code: green Sn; red O; black C.

Figure S2. Ball-and-stick view of TOC-9. Atom color code: green Sn; red O; black C.



Figure S3. Illustrationof the wn-n interactions of the decorating H.DBA ligands of TOC-9. Atom

color code: green Sn. In order to clarify, the butyl groups are omitted.
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Figure S4. (a) Frontier molecular orbitals of Snig wheel cluster. (b) Density of states (DOSs) and
partial density of states (PDOSs) of Snig wheel cluster. The black line represents the total DOSs,
the blue, green and purple lines were PDOSs for Ligands (L) and red line was the PDOSs for

Sn1g01g cluster.
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Figure S6. Third-order nonlinear static susceptibility density (isovalue = 200), xy plane of adding

the electric field with 0.003, 0.006, -0.006, -0.003 a.u. in the y direction for the Snis
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Figure S7. The natural transition orbitals (NTO) of Snis wheel cluster



Experiment
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Figure S8. Simulated and experimental PXRD pattern of compound TOC-9.
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Figure S9. IR spectrum of compound TOC-9.
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Figure S10. Negative-mode ESI-MS spectrum of TOC-9 dissolved in acetonitrile.
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Figure S11. Experimental ESI-MS (-, blue spectrum) and calculated peak positions (red) for

TOC-9.
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Figure S12. Experimental ESI-MS (-, blue spectrum) and calculated peak positions (red) for

TOC-9.
O TMS
CH;CH,CH,CH,Sn
) ;CH,CH,CH,
A 4
3
l . ) ; 678 0 JL
o o ! ! A
16 12 8 4 0 -4 7.2 6.8 6.4 6.0 5.6 5.2 4.8
Chemical shift/ ppm Chemical shift/ ppm

Figure S13. *H NMR of TOC-9 in CD3;0D (D, 99.8%) + 0.03% V/V TMS. The peak with an * is
due to solvent residual peak. Integration values for TOC-9: 1) 4.00 2) 2.00 3) 4.00 4) 8.01 5) 1.00

6) 3.99 7) 4.00 8) 4.01 9) 2.00. The peak of 1 was normalized to 4.00.
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