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Figure S1. ORTEP of 1. Ellipsoids shown at the 50% probability level. Hydrogen atoms, except
those involved in hydrogen bonding, omitted for clarity.



Figure S2. ORTEP of 2. Ellipsoids shown at the 50% probability level. Hydrogen atoms omitted
for clarity. K,[Sn(pinF);] crystallizes with three equivalents of (CH3),CO per molecule (effectively
1.5/K*); these solvent molecules are also bound to the K* counter ion of a neighboring Sn center
in a repeating pattern. To show this pattern, the coordination of six (CH3),CO molecules is shown
above.



Figure S3. ORTEP of 3. Ellipsoids shown at the 50% probability level. Hydrogen atoms omitted
for clarity. {K(18C6)},[Sn(pint);] crystallizes with a single equivalent of (CH;),CO per molecule,
coordinated to one of the {K(18C6)}* counter ions; the other {K(18C6)}* moiety bridges two units

of 3 via K-F interactions in a repeating pattern. To show these K-F interactions, two Sn(IV)
centers of 3 are shown above.



Figure S4. ORTEP of the asymmetric unit of 4, which represents half of the K,[Sn(pinf),] * 2
C4HgO moiety. Ellipsoids shown at the 50% probability level. Hydrogen atoms omitted for clarity.



Figure S5. ORTEP of the asymmetric unit of 5, which represents half of the symmetrical
{K(15C5)},[Sn(pinF),] « 2 C4H5O unit. Ellipsoids shown at the 50% probability level. Hydrogen
atoms omitted for clarity.
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Figure S6. ''°Sn Mossbauer spectra of 2 and 3.
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Figure S7. Variable temperature '°F NMR data for 1-5.
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Figure S8. Electrostatic potential maps for Sn[CsH3(NMe;),-2,6], (—0.06 to 0.06) (a) and 5 (—0.17
to 0.28) (b).
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Figure S9. Calculated 5p, (CMO) energies (TPSS0/cc-pwCVTZ(Sn)-DK/cc-pVTZ-DK/DKH) of
four-coordinate Sn(Il) complexes optimized at the TPSSh/DEF2-TZVP/RIJCOSX/D3BJ level.
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Table S1. Crystallographic data collection and structure refinement parameters for 1-5.

1 2 3 4 5
[E6NHL[Sn(pin)s] 2 | Ky[Sn(pin)s] « 3 {K(18C6)}2[Sn(pin©);] « Ko[Sn(pin®),] « 2 {K(15C5)2}5[Sn(pin®),] * 2
(CH;),CO (CH3),CO (CH3),CO C,HO C,HO
Empirical formula C36H44F36N>OgSn Cy7H 5F36K,00Sn C39H 4 F36K,016Sn CyoH 6F24K5,06Sn CeoHogF24K5026Sn
Formula weight 1435.42 1367.3 1647.61 1005.22 1886.25
Temperature (K) 100.0 100.0 100.0 100.0 100.0
Wavelength (A) 0.71073 0.71073 0.71073 0.71073 0.71073
Crystal system Triclinic Orthorhombic Triclinic Monoclinic Monoclinic
Space group Pl Pcen pl C2/c C2/c
a(A) 12.3859(9) 10.869(2) 15.1378(16) 16.6806(14) 27.5254(11)
b (A) 14.3035(11) 18.441(4) 16.2438(16) 12.1477(10) 10.7470(4)
c(R) 15.7748(13) 21.954(4) 16.2454(16) 14.6638(13) 28.7368(15)
a(®) 82.239(2) 90 99.540(3) 90 90
B 80.467(2) 90 114.932(3) 95.237(5) 114.007(2)
7(°) 70.003(2) 90 112.822(3) 90 90
Volume (A?) 2580.6(3) 4400.4(14) 3068.9(5) 2958.9(4) 7765.4(6)
z 2 4 2 4 4
Z‘fr;ig)(calculated) 1.85 2.06 1.78 226 1.61
ﬁ)b:f‘f’.lrge‘ﬁ?(mmfl) 0.7 0.9 0.7 1.3 0.6
F(000) 1424 2656 1632 1952 3872

Crystal size mm?

0.36 x 0.35 x 0.33

0.25x0.22x0.18

0.3 x0.28 x0.26

0.32x0.31 x0.29

0.29 % 0.27 x 0.22
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Theta range for data
collection (°)

1.764 to 28.320

1.855 to 28.364

1.480 to 25.421

2.077 to 28.361

1.620 to 26.418

Ind 16<h<13,-19<k< 'i;‘zﬁzzj’ 18<h<14,-19<k<19, | 22<h<17,-16<k |-34<h<34,-12<k<13,
ndex ranges 15,-21</<21 oo -19<1<19 <15,-19<I<16 —26<1<35
-29<=]<=9
Reflections 34045 20285 47361 11885 24929
collected
Independent o 5458 [R(int) = - - =
P 12802 [Rin = 0.0456] | ("o 11297 [Rin = 0.0331] 676 [Riy = 0.0648] 7963 [Riy = 0.0581]
Completeness to 99 99 99.7 % 9999, 99.7% 99.9%

theta = 25.242°

Absorption Semi-empirical from Semi-empirical from | Semi-empirical from Semi-empirical from Semi-empirical from
correction equivalents equivalents equivalents equivalents equivalents
Max. and min. 0.563 and 0.519 0.563 and 0.511 0.746 and 0.683 0.745 and 0.695

transmission

Refinement method

Full-matrix least-
squares on F*

Full-matrix least-
squares on F?

Full-matrix least-squares on
F?

Full-matrix least-
squares on F?

Full-matrix least-squares
on F?

Data/parameters

12802/758

5458/343

11297/850

3676/240

7963/510

Goodness-of-fit on
Fz

1.009

1.268

1.117

1.026

1.009

Final R indices [I >
20(I)]

R1=0.0378, wR2 =
0.0664

R1=10.0530, wR2 =
0.0921

R1=0.0413, wR2 =0.1084

R1=10.0396, wR2 =
0.0932

R1=0.0389, wR2 =0.0708

R indices (all data)

R1=0.0582, wR2 =
0.0734

R1=0.0715, wR2 =
0.0969

R1=0.0503, wR2=0.1146

R1=0.0511, wR2 =
0.1013

RI1=0.0617, wR2 =0.0783

Largest diff. peak
and hole (e A=)

0.62 and —0.70

0.991 and -0.566

1.60 and —0.48

0.75 and —0.84

0.42 and —0.55

SQUEEZE

Found: 35¢/uc; calculated
for acetone: 32e/uc
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Table S2. '"”Sn Moessbauer data plotted in Figure 3 in the main text.

Compound CSDh Isomer Shift | Quadrupole Reference
Code (6, mm/s) Splitting (AEq
mm/s)
XAWFUY | 2.779(4) 2.02(1) 3
Pr .
\ Pr
P
N
J
n
P//'N—sm%
P | MesSi
iPr
[Sn{N(SiMes),},] BUGROK | 2.88 3.52 3
BOKBIN | 2.884(13) 2.356(13) 4
iPr \sﬁ/HN
BOKBOT | 3.222(10) 1.654(10) 4
iPr
iPr HT IPr
iPr
HSHSDNH
\
Sn/
iPr
iPr
SASQUA | 2.810(5) 2.290 (8) 3
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Vi SASREL | 2.849 (8) 2.09 (1)
o
]
t-Bu N‘\\/O
J .
(o}
M/O)
By SASRAH |2.77 (1) 2.09 (2)
t-Bu N/\
O (0]
N / S
o)
/
Ph3Si
[Sn{N"O} J[HoN{B(CeFs)3}-] 3.37(5) 1.91 (7)
Ar'Sn-Sn{CeH;-2,6(CeHl;-2,6- | NEHTAW | 2.658(2) 2.995(2)
Pr'y),}
BAXSUO | 2.69(3) 3.730(3)
[Cp,Sn] BAHJAV | 3.73 0.65
[Cp*,Sn] MCYPSN | 3.83 0
[Sn(C7Hg); 2 [B(C4Fs)alo IZUXAD | 4.14(1) 0.38(3)
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Computational details. All calculations described in the following were performed with the
ORCA electronic structure package.'!2 Any calculations performed with another package are
described in the main text. In the tables that follow, the calibration of the different theoretical
models is described and the preformance of the models with respect to duplicating the
experimental quadrupolar splitting is shown. The calibration was done against the set described by
Barone et al.!3!> Geometries were optmized at the BP86!¢ 17/DEF2-SV(P) '8 19/D3BJ?% 2! and
TPSSh??2/DEF2-TZVP/D3BJ/RIJCOSX?3-2 levels. Experimental geometries were modified by
optimizing the hydrogen positions at the BP86/DEF2-SV(P)/D3BJ level. In All other relevant
details are shown in the main text or the footnotes of the tables.

Table S3. Summary of correlation plots of exp. |AE| (mm s!) vs. calc. values of |V| (a.u.).

Method Basis Set Structure | Slope SE | Intercept | SE R?
BP86 DKH-TZVPP®) BP86( | 0.7280 | 0.045 | 0.08129 | 0.163 | 0.889
TPSSh DKH-TZVPP® | TPSSh( | 0.7216 | 0.045 | 0.07969 | 0.166 | 0.886
TPSS0% DKH-TZVPP® | TPSSh( | 0.6744 | 0.041 | 0.08801 | 0.161 | 0.892
TPSSh DKH-TZVPP) Expt.(i) | 0.7217 | 0.033 | -0.04064 | 0.125 | 0.938
TPSSO DKH-TZVPP®) Expt.(i) | 0.6751 | 0.030 |-0.03725 | 0.119 | 0.943
TPSSO cc-pwCVTZ-DK®™ | TPSSh) | 0.6909 | 0.041 | 0.05123 | 0.159 | 0.897
TPSSO cc-pwCVTZ-DK®™ | Expt.0 | 0.6885 | 0.030 |-0.05976 | 0.119 | 0.944
MP2() cc-pwCVTZ-DK®™ | Expt.( | 0.6474 | 0.023 | 0.02941 | 0.092 | 0.964
CCSD(T)™H | cc-pwCVTZ-DK®™ | Expt.() | 0.5673 | 0.023 | 0.00261 | 0.107 | 0.952

i BP§6/DEF2-SV(P)/D3BJ

i. TPSSh/DEF2-TZVP/D3BJ/RIJCOSX

ii. Hydrogens optimized at the BP86/DEF2-SV(P)/D3BJ level.

v In ORCA parlance, this is the old-DKH-TZVPP?’ basis set.

V- Sn atoms modeled with cc-pwCVTZ-DK?3, all other atoms modeled with cc-pVTZ-DK?.

Vi Energies evaluated with Grimme’s SCS-MP23° with RI approximation using the CC-
PVTZ/C3! auxiliary basis set for non-tin atoms, and ORCA’s AutoAux3? routine for Sn.
Relaxed densities were used.

vi. DLPNO-CCSD(T) with unrelaxed densities. Normal PNO thresholds were used.

Table S4. Summary of model performance.

Method Basis Set Structure | K(THF),[Sn"(pinF),] | [Sn"(pinF),]* A
Expt. - - 1.698 2.153 0.455
TPSSh DKH-TZVPP TPSSh 1.813 1.851 0.038
TPSSO DKH-TZVPP TPSSh 1.817 1.824 0.007
TPSSh DKH-TZVPP Expt. 1.868 1.930 0.062
TPSSO DKH-TZVPP Expt. 1.846 1.925 0.079
TPSSO | cc-pwCVTZ-DK Expt. 1.849 1.940 0.091
MP2 cc-pwCVTZ-DK Expt. 1.639 1.785 0.146
CCSD(T) | cc-pwCVTZ-DK Expt. 1.746 1.853 0.107

15
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Figure S10. Calibration curve for DLPNO-CCSD/cc-pwCVTZ-DK(Sn)/cc-pVTZ-

DK/DKH/RIJCOSX/AutoAux//Expt.
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