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1 Supplementary figures: Basis set sensitivity of DFT

reference calculations

Figure S1: Basis set sensitivity of the ground-state energy with the ωB97X-D functional,
calculated with four different triple-ζ basis sets and plotted relative to the 6-31G* basis set
used in the manuscript.
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Figure S2: Basis set dependence of the restricted open-shell PBE0 vertical excitation energy
for each isomer of two representative compounds: (Z)-1, (E)-1, norbornadiene 3a, and
quadricyclane 15a.
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2 Supplementary figures: Transition states and pho-

toisomerization quantum yields of substituted nor-

bornadienes

Figure S3: Carbon-carbon distance b1 (from PBE0 TS calculation) versus experimental
quantum yield. R2 = 0.641.

Figure S4: Carbon-carbon distance b2 (from PBE0 TS calculation) versus experimental
quantum yield. R2 = 0.397.

4



Figure S5: Carbon-carbon distance b1 (from PBE0 TS calculation) versus storage energy
calculated with DFT and the PBE0 functional. R2 = 0.826.

Figure S6: Carbon-carbon distance b2 (from PBE0 TS calculation) versus storage energy
calculated with DFT and the PBE0 functional. R2 = 0.633.
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3 Supplementary figures: Transition states and pho-

toisomerization quantum yields of substituted azoben-

zenes

Figure S7: Reverse isomerization energy barrier of azobenzenes and corresponding C-N=N-C
dihedral angles reported as difference from 90 ◦.

Figure S8: DFT calculated storage energies for azobenzenes (with the PBE0 functional)
compared to the position of the (PBE0) transition state along the reaction coordinate. The
trans configuration is located at 0 on the reaction coordinate, and the cis configuration is
located at 1. R2 = 0.678.
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4 Additional computational details

As described in the main text, we employed the SCC-DFTB method with colinear spin

polarization1,2 to allow for unpaired electron density. For fluorinated compounds 3c and

3e, lacking atomic spin constants for fluorine, we substituted those tabulated for oxygen as

the closest set available.3 We generally observe that the energy is highly insensitive to the

spin polarization term in these compounds. The excited state energies were found using our

modified version of the DFTB+ code which includes an implementation of ∆DFTB.

5 Optimized geometries of STF compounds in the bench-

mark sets

Optimized geometries are provided for the stable and metastable isomer for each STF can-

didate in the benchmark set in the .zip archive SzaboLeKowalczyk.structures.zip. All ge-

ometries provided in the archive were optimized at the ωB97X-D/6-31G* level of theory

in Q-Chem. For consistency, the numerical labels for the compounds are derived from the

labels introduced in Refs. 4 and 5 for the azobenzenes and norbornadienes, respectively.
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