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A. Experiments and Computation

Our experiments were performed at the PM4 beam line of BESSY II, using a VG Scienta

ArTOF time-of-flight electron analyser1. The dipole beamline is equipped with chopper that as-

sures that pulsed x-rays are supplied to the time-of-flight spectrometer of the LowDosePES-station.

The ArTOF transmission function was measured as a function of electron kinetic energy. This was

done by fitting the areas of the Au 4 f photoelectron spectrum from a Au(111) single crystal sam-

ple; the spin-orbit components (binding energy 84.00 eV for Au 4 f7/2) were measured in a series

of measurements in which the photon energies were varied. Since different energy windows sam-

ple different kinetic energy ranges two sets of data were measured (using 15% and 5% energy

windows of the ArTOF spectrometer). The variation of photon flux was monitored via a mirror

current in the beam line.

FIG. S1. Transmission of the ArTOF spectrometer at low kinetic energies. The first point is arbitrarily set

to 100. The fit, using a power law function y=y0+Axn, was done using data from two sets of measurements

using 15% and 5% energy windows.

Fig. S1 exhibits the variation of the transmission of Au 4 f photoelectrons versus kinetic energy.

The data have been scaled with the photon flux and Au 4 f cross section2. The data were fitted to a

power function (y(Ekin) = y0 + A En
kin) resulting in an exponent n ≈ -5/2. A power law is expected

from a theoretical standpoint3 - from a practical perspective the goal is to find a transmission

function that most closely resembles the measured points.
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FIG. S2. Plot of the square root of the UV/Vis-spectrum of TinOH. The circles represent the data that are

fitted to a linear model. The residuals is included below.

To determine the band-gap of the solid TinOH a linear model was fitted to the square root of

the UV/Vis absorption coefficient (Figure S2) in MATLAB. The crossing of the linear model with

the x-axis are taken to coincide with the band-gap in a Tauc-plot4. In the figure the residuals of

the difference between the plot and the linear model is included.

The intensities given by the least squares fit procedure (see Figure S3) presented in the main

text are here presented in Table S1).

Molecular structures were optimized using the B3LYP hybrid density functional model with

the LANL2DZ effective core potential basis set (Gaussian 16)5. We found that using this common

functional with the small LANL2DZ basis set gave good agreement of the computed structures

with experimental crystal structures for several tin oxo cages. Results obtained with the PBE

functional were of similar quality. The larger Def2SVP basis set gave poorer agreement than

the LANL2DZ basis. Geometry optimization with larger basis sets than Def2SVP was compu-

tationally too demanding. Single point calculations at the optimized geometries were performed

3



TABLE S1. The intensities used for calculation of relative plasmon intensity (ISn4d/Iplasmon. (integrated

area between 28.4 and 39.9 eV)

}ω (eV) 60 92 120 150

Sn 4d intensity 13 387 34 133 15 770 736

Plasmon intensity 5311 4302 3817 1191

Relative intensity ISn4d/Iplasmon 2.52 7.93 4.13 0.61

Normalized to background 0.15 0.13 0.09 0.11

using the Def2SVP and Def2TZVP basis sets to obtain more reliable relative energies. The lowest

ionization potentials were calculated as the differences of the energies of the molecules and the

corresponding one-electron oxidized species at the same geometry. A model of TinOH was built

starting from the published crystal structure6 which contains four isopropanol molecules. It is

 !
"
#$

"
%
&#
'
 (
)
*+

, 
-
"
&#
%
.

/0 /1 20 21 30 31 40 41 0
5&"6&"7 8"$*7' ($9.

:/0 :/1 :20 :21 :30 :31 :40 :41 :0
;*+&#)< 8"$*7' ($9.

 #=#)< >&#
?"  !
 !"#$%&

@=AB-#$6 C;?

 D)E F&";G

 !
"#

!
$
%"
&
'(

)
*+

,'
-

!
%"
$
.

/0 /1 20 21 30 31 40 41 0
5%!6%!7'8!#*7&'(#9.

:/0 :/1 :20 :21 :30 :31 :40 :41 :0
;*+%")<'8!#*7&'(#9.

"=")<'>%"
'?!' !"
 !"#$%&' 

 

@=AB-"#6'C;?

DEF'G%!H

 !
"

#$
"

%
&#
'
 (
)

*+
, 

-
"

&#
%
.

/0 /1 20 21 30 31 40 41 0
5&"6&"7 8"$*7' 9$:.

;/0 ;/1 ;20 ;21 ;30 ;31 ;40 ;41 ;0
<*+&#)= 8"$*7' 9$:.

 #>#)= ?&#
@"  !
 !"#$%&

 A>BC-#$6 D<@

E+F G&"H

FIG. S3. Photoelectron spectra (150 eV) of (a) TinOH (b) TinA and (c) TinF with fit, and computed Density

of States (DOS).
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TABLE S2. Computed energies and vertical ionization potentials (IP) for TinOH and the bare dication

(B3LYP hybrid functional)

Species a E(LANL2DZ) IP/eV E(Def2SVP//LANL2DZ) IP/eV E(Def2TZVP//LANL2DZ) IP/eV

Bare dication -3443.74429 -5972.62170 -5976.69876

Bare radical trication -3443.30162 12.05 -5972.18261 11.95 -5976.26065 11.92

TinOH·4H2O -3901.62190 -6430.11880 -6434.76458

TinOH·4H2O radical cation -3901.32805 8.00 -6429.85557 7.16 -6434.49855 7.24

TinOH·4H2O PCM -3901.64444 -6430.13988 -6434.78616

TinOH·4H2O radical cation PCM -3901.39773 6.71 -6429.89975 6.53 -6434.54426 6.58

a Geometries optimized for the neutral complex and for the bare tin oxo cage dication at the B3LYP/LANL2DZ level. Energies of the one-

electron oxidized radical (tri)cations were calculated at the geometries of the precursor. PCM refers to the use of the polarizable continuum

model for diethylether, a representative moderately polar solvent.

known that these solvent molecules are quite rapidly lost from the crystals upon storage,6 and we

assume that they are eliminated completely in the spin-coated film. In the model calculation they

were replaced by water molecules. We found that the water molecules are needed to obtain stable

structures of TinOH•4H2O in geometry optimizations at the B3LYP/LANL2DZ level. Without

them, deprotonation of the bridging OH or nucleophilic attack of the OH− on the cage occurred

upon geometry optimization, depending on the starting geometry. In order to approximately model

the effect of a polarizable medium the calculations were also performed for TinOH·4H2O with the

Polarizable Continuum model in a moderately polar solvent, for which we chose diethylether (di-

electric constant 4.24). The "density of states" (DOS) shown in Figure S4 represents the orbital

energies, broadened with a 1 eV gaussian function. At the same geometries we computed the DOS

by element using the Amsterdam Density Functional package ADF7,8 using the PBE-B3BJ func-

tional, TZP basis set (nocore), scalar ZORA for spin-orbit coupling at the PBE-D3(BJ)/LANL2DZ

geometry from Gaussian16. The result is shown in Figure S4. Here a small gaussian broadening

(0.25 eV) was used that allows to distinguish the Sn 4d peaks from the two different types of Sn in

the molecule (5-coordinated Sn orbital energy ε = -26.2 eV, 6-coordinated Sn ε = -25.5 eV). The

splitting due to spin-orbit coupling is not included in the DOS. With ADF it was computed as 1.0

eV, in good agreement with experiment.
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FIG. S4. (a) Computed DOS for the three tin oxo cages studied (Gaussian16, B3LYP/Def2TZVP, 1 eV

broadening) (b) Computed DOS by element for TinOH (Gaussian width 0.25 eV; Amsterdam Density

Functional program, PBE-B3BJ functional, TZP basis set (nocore), scalar ZORA; PBE-D3(BJ)/LANL2DZ

geometry from Gaussian16).

FIG. S5. (a)1H NMR spectrum of TinF in CD2Cl2. (b)19F NMR spectrum of TinF in CD2Cl2.
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