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S1. Optimized geometries of the transition states along the displacement vectors.

IIa
Figure S1: Optimized geometries of TS involved in the back isomerization of the

photoproducts to the parent bicyclic dienes illustrating the displacement vectors at the PBE/6-
311++G** level of theory (TS for type Id photoswitch is associated with the thermal
degradation to carbonyl compound).

IIb

Ilc

IId

S2. Solar energy conversion efficiencies and the reality check for the energy storage

efficiencies of the studied BBD-based photoswitches in gas phase.

Table S1: The calculated energy of the photon involved for the first important electronic
excitation (with oscillatory strength higher than 0.01), sum of storage energy (SE) and the TBR
barrier, and the solar energy conversion efficiency of the studied BBD-based photoswitches.

System Ephoton SE + TBR barrier egiciency
(kJ/mol) (kJ/mol)
Ia 562.15 290.79 10.06
Ib 483.97 248.29 7.78
Ic 479.18 313.57 10.08
I1a 579.08 293.49 9.36
IIb 507.19 280.26 7.99
IIc 475.43 305.76 10.31
I1d 497.66 282.86 8.89
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S3. Effect of solvation on the thermochemical properties

Table S2: Effect of solvation on the thermochemical properties of the studied BBD-based
photoswitches. The energy storage capacities were calculated at DLPNO-CCSD(T)/Def2TZVP
level for the geometries optimized with the M062X/6-311++G**. The TBR barrier were
calculated at (8,8)-CASPT2/6-311++G** level for the geometries optimized with the PBE/6-

311++G** (SMD solvation model).

Medium la Ic lla
Storage energy (kJ/mol)
Gas 141.15 158.38 156.35 165.74
Cyclohexane 143.57 158.61 158.95 167.31
Toluene 143.96 158.60 159.35 167.49
Dichloromethane 145.72 158.56 161.05 168.32
Ethanol 146.14 158.81 161.46 168.88
Acetonitrile 146.22 158.57 161.55 168.72
ESD (MJ/kg)
Gas 1.33 1.48 1.30 1.37
Cyclohexane 1.35 1.48 1.32 1.38
Toluene 1.36 1.48 1.33 1.38
Dichloromethane 1.37 1.48 1.34 1.39
Ethanol 1.38 1.48 1.34 1.39
Acetonitrile 1.38 1.48 1.35 1.39
TBR barrier (kJ/mol)
Gas 149.64 155.19 137.14 140.02
Cyclohexane 148.27 160.99 137.44 139.83
Toluene 148.17 153.44 137.23 139.83
Dichloromethane 145.26 162.67 137.05 139.89
Ethanol 145.93 139.14 135.82 139.81
Acetonitrile 146.12 136.36 137.50 139.70
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Figure S2: Effect of solvation model on storage energies of type la and Ic photoswitches in

different polarity solvents calculated at the M062X/6-311++G** level of theory



S4. Effect of solvation on the photophysical properties

of the studied BBD-based

photoswitches
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Figure S3: Effect of different polarity solvents on the optical absorption spectra of dienes and

photoproducts of Ila and Ilc photoswitches (M062X/6-311++G**).
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Table S3: Spectral data for the optical absorption of the diene and photoproducts of Ia and Ic photoswitches in the presence of different polarity
solvents (M062X/6-311++G** considering SMD solvation model).

Aonset f A (nm) & Aonset A €
Systems Medium (nm) (Lmolicm?)  (nm) (nm)  (Lmolicm™)
Diene Photoproduct
Gas 241.12 0.029 212.80 2151.00 216.48 0.010 185.09 1377.58
Cyclohexane 24472 0.022 217.36 2481.97 218.40 0.013 184.90 1812.15
la Toluene 24544 0.026 217.68 2631.70 218.72 0.010 193.87 1198.71
Dichloromethane | 250.40 0.044 219.75 3758.86 220.00 0.015 194.01 1579.31
Ethanol 252.00 0.050 220.51 4228.76 220.64 0.017 194.07 1751.84
Acetonitrile 252.00 0.051 220.64 4380.79 220.96 0.018 194.17 1790.76
Gas 295.60 0.043 249.65 237597 251.20 0.011 177.38 1669.30
Cyclohexane 299.00 0.061 250.45 3608.89 247.60 0.014 224.13 609.59
| Toluene 299.50 0.061 250.52 3620.59 247.60 0.014 224.08 609.70
¢ Dichloromethane | 303.50 0.023 262.01 3659.86 244.00 0.024 218.04 1105.17
Ethanol 303.50 0.034 260.50 440456 242.20 0.030 215.68 1398.38
Acetonitrile 305.00 0.034 261.16 4784.67 24292 0.031 216.08 1425.70
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Table S4: Spectral data for the optical absorption of the diene and photoproducts of Ila and Ilc photoswitches in the presence of different

polarity solvents (M062X/6-311++G** considering SMD solvation model).

Aonset f A (nm) & Aonset A €
Systems Medium (nm) (Lmolicm?)  (nm) (nm)  (Lmolicm™)
Diene Photoproduct

Gas 233.92 0.022 206.58 2697.24 229.96 0.010 172.85 1376.49
Cyclohexane 236.08 0.031 208.27 3564.67 232.12 0.013 204.69 951.39

la T(_)Iuene 236.80 0.034 208.56 3833.06 232.48 0.013 204.81 1008.82
Dichloromethane | 240.04 0.057 210.62 6334.85 234.28 0.020 205.20 1383.39
Ethanol 241.12 0.062 211.16 7580.02 235.00 0.023 205.36 1546.73
Acetonitrile 241.48 0.063 211.30 7982.72 235.00 0.024 205.39 1578.63

Gas 292.20 0.029 251.62 2162.12 247.40 0.013 202.79 1292.60
Cyclohexane 296.20 0.042 25251 2994.26 247.60 0.016 200.60 1758.85

[ Toluene 297.40 0.045 25257 3211.26 247.60 0.016 200.05 1877.45
¢ Dichloromethane | 302.50 0.066 252.98 478790 246.00 0.014 222.39 913.87
Ethanol 303.00 0.014 263.95 3286.29 245.20 0.019 220.07 1273.94
Acetonitrile 30450 0.014 264.66 344476 245.60 0.020 220.24 1283.45
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