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Figure S1. Electronic correlation in model complexes.  
 
A. Differences in energy estimates calculated by different multi-configurational methods  
(green), CASSCF(2,2) and MRCI on CASSCF (2,2);  
(dark-blue), CASSCF(4,4) and MRCI on CASSCF(4,4);  
(light-blue), CASSCF(2,2) and CASSCF(4,4);  
(magenta), MRCI on CASSCF (2,2) and MRCI on CASSCF (4,4);  
(yellow), MCQDPT2/CASSCF(2,2) and MCQDPT2/CASSCF(4,4). 
 
B. Relative dynamic correlation energies (∆ Edyn.corr ) calculated with respect to the energy of R(S0) derived from the 
MQCDPT2/CASSCF(2,2) calculations (shown in dark blue) and MQCDPT/CASSCF(4,4) calculations (shown in light 
blue). 
Edyn.corr =  EMCQDPT2 - ECASSCF;
∆ Edyn.corr =  Edyn.corr model complex – Edyn.corr R(S0) where Edyn.corr R(S0) CASSCF(2,2) is 77.92 eV  and Edyn.corr R(S0)
CASSCF(4,4) is 77.63 eV. 
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(A)                                                                  (B) 
Figure S2. Minimum-energy structures (CASSCF(2,2)/6-31G(d)) of the complexes (A) between lumiflavin and 
thiomethanol (in the S0 electronic state) and (B) between lumiflavine semiquinone and thiomethyl radical SCH3 (in the 
T1 electronic state). The arrangement of the molecules in the equilibrium complexes is unfavorable for the LOV 
photoreaction. In the ground electronic state the energy of the equilibrium structure (A) is 2.9 kcal/mol lower than that 
of the complex R. 

Figure S3. Energy profile of the photo-reaction calculated by the CASSCF(2,2)/6-31G(d) method in the triplet 
electronic state. Geometry optimization was performed with the N5-H distance fixed. To keep the thiomethanol 
fragment above the isoalloxazine ring, dihedral angles S-N5-C5a-C9a and S-N5-C4a-C10a were fixed during the 
optimization at 90 and -90 degrees, respectively. The energy drop corresponds to the break of the S-H bond. 
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Figure S4. Energy profile of the dark-reaction (S-C4a covalent adduct dissociation) calculated by the CASSCF(2,2)/6-
31G(d) method in the ground electronic state. Geometry optimization was performed with the S-C4a (A) and S-H (B) 
distances fixed, respectively. To keep the thiomethanol fragment above the isoalloxazine ring, dihedral angles S-N5-
C5a-C9a and S-N5-C4a-C10a were fixed during the optimization at 90 and -90 degrees, respectively. The energy 
indicated by the asterisk corresponds to the same structure with the S-C4a and S-H distances of 3.10 and 3.98 Å, 
respectively. The energy drop corresponds to the break of the N5-H bond. 
 

Figure S5. Adiabatic energy profiles along the S-C4a-bond internal coordinate calculated by the state-averaged 
CASSCF(4,3)/6-31G(d) method for the S0, and T1 electronic states. Biradical structure is a minimum in the T1
electronic state. In the S0 electronic state, Biradical lies on the energy surface slope connecting TS-dark and Add (see 
also Figure S4). 
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Figure S6. Energy profile for the zwitterionic covalent adduct formation calculated by the CASSCF(2,2)/6-31G(d) 
method in the triplet electronic state. Geometry optimization was performed with the S-C4a distance fixed. To keep 
the thiomethanol fragment above the isoalloxazine ring, dihedral angles S-N5-C5a-C9a and S-N5-C4a-C10a were 
fixed during the optimization at 90 and -90 degrees, respectively. A S-C4a zwitterion was suggested to form in LOV 
(Schleicher, E.; Kowalczyk, R. M.; Kay, C. W. M.; Hegemann, P.; Bacher, A.; Fischer, M.; Bittl, R.; Richter, G.; 
Weber, S. J. Am. Chem. Soc. 2004, 126, 11067-11076).  
 

Table S1. Total energies [Hartree] of the model complexes calculated by the MCQDPT2/CASSCF method with 
averaging for the S0-S1, and T1-T2 electronic states, respectively, with the 6-31G(d) basis set 

Electronic state Method R R-photo Add 

S0 CASSCF(2,2) -1304.545306  -1304.539754 
MCQDPT2 -1307.438864  -1307.462566 

 
S1 CASSCF(2,2) -1304.378703  -1304.351097 
 MCQDPT2 -1307.333678  -1307.338455 
 

T1 CASSCF(4,4)  -1304.480753  
 MCQDPT2  -1307.368241  

T2 CASSCF(4,4)  -1304.407687  
 MCQDPT2  -1307.307975  
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Cartesian coordinates of the model complexes, [Å] 
 
R

C 16.986  54.587  17.832 
 S   16.920  55.016  16.067 
 H   16.025  54.245  18.191 
 H   17.736  53.833  18.026 
 H   16.645  53.808  15.596 
 H   17.254  55.489  18.365 
 C   18.480  48.269  17.955 
 C   16.678  47.887  20.270 
 C   16.251  48.740  19.100 
 C   17.116  48.920  17.996 
 C   15.008  49.339  19.120 
 C   14.572  50.135  18.056 
 C   15.426  50.316  16.971 
 C   16.684  49.704  16.958 
 N   13.328  50.749  18.040 
 N   15.059  51.088  15.898 
 C   12.942  51.514  16.986 
 C   13.921  51.640  15.897 
 N   11.790  52.076  16.986 
 C   11.391  52.856  15.925 
 N   12.276  53.014  14.854 
 C   13.525  52.483  14.724 
 O   14.224  52.669  13.779 
 C   12.414  50.566  19.167 
 O   10.333  53.399  15.879 
 H   18.407  47.187  18.010 
 H   19.103  48.595  18.782 
 H   18.994  48.519  17.036 
 H   17.582  48.276  20.728 
 H   16.889  46.870  19.955 
 H   15.907  47.849  21.030 
 H   14.376  49.184  19.970 
 H   17.302  49.873  16.095 
 H   11.951  53.593  14.109 
 H   12.871  50.941  20.073 
 H   12.183  49.515  19.283 
 H   11.513  51.114  18.964 
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R-photo 
 
C 17.203  54.530  17.780 

 S   16.991  54.945  16.024 
 H   16.275  54.193  18.221 
 H   17.968  53.778  17.917 
 H   16.671  53.738  15.589 
 H   17.515  55.436  18.282 
 C   18.503  48.359  18.012 
 C   16.644  47.882  20.269 
 C   16.223  48.752  19.114 
 C   17.133  48.989  18.006 
 C   14.976  49.326  19.102 
 C   14.542  50.137  18.056 
 C   15.439  50.393  16.934 
 C   16.741  49.770  16.984 
 N   13.285  50.713  18.036 
 N   15.142  51.132  15.917 
 C   12.909  51.503  16.971 
 C   13.885  51.690  15.912 
 N   11.745  52.020  16.967 
 C   11.328  52.823  15.911 
 N   12.220  53.033  14.875 
 C   13.497  52.535  14.774 
 O   14.204  52.777  13.846 
 C   12.354  50.477  19.134 
 O   10.247  53.315  15.884 
 H   18.437  47.277  18.051 
 H   19.078  48.679  18.875 
 H   19.053  48.631  17.121 
 H   17.525  48.279  20.764 
 H   16.886  46.876  19.939 
 H   15.855  47.808  21.006 
 H   14.320  49.137  19.927 
 H   17.378  49.972  16.144 
 H   11.905  53.620  14.132 
 H   12.776  50.839  20.063 
 H   12.145  49.418  19.222 
 H   11.442  51.005  18.927 
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TS-photo 
 
C 16.723  53.639  18.405 

 S   16.572  54.071  16.644 
 C   16.921  47.618  19.673 
 C   16.581  48.665  18.645 
 C   18.924  48.412  17.645 
 C   17.554  49.044  17.654 
 C   15.344  49.256  18.661 
 C   14.982  50.231  17.723 
 C   15.921  50.580  16.697 
 C   17.211  49.971  16.730 
 N   15.689  51.532  15.801 
 N   13.775  50.888  17.783 
 C   14.327  51.795  15.628 
 C   13.880  52.461  14.396 
 C   13.359  51.628  16.693 
 N   12.170  52.075  16.658 
 C   11.717  52.778  15.542 
 N   12.573  52.880  14.458 
 O   14.565  52.622  13.436 
 O   10.630  53.251  15.499 
 C   12.874  50.703  18.917 
 H   16.936  54.548  18.952 
 H   17.534  52.942  18.580 
 H   15.804  53.221  18.802 
 H   17.777  47.920  20.269 
 H   17.176  46.675  19.199 
 H   16.090  47.444  20.344 
 H   18.864  47.337  17.509 
 H   19.450  48.593  18.576 
 H   19.523  48.817  16.840 
 H   14.641  48.962  19.414 
 H   17.896  50.281  15.965 
 H   16.251  52.720  16.109 
 H   12.221  53.376  13.666 
 H   12.437  49.711  18.905 
 H   12.088  51.431  18.847 
 H   13.423  50.848  19.837 
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Biradical 
 
C 14.740  55.386  17.470 

 S   16.095  54.246  17.094 
 C   16.967  47.647  20.005 
 C   16.608  48.459  18.782 
 C   18.646  47.557  17.565 
 C   17.404  48.415  17.631 
 C   15.477  49.259  18.800 
 C   15.098  50.028  17.706 
 C   15.902  49.981  16.572 
 C   17.034  49.183  16.543 
 N   15.535  50.749  15.476 
 N   13.935  50.825  17.717 
 C   14.538  51.642  15.559 
 C   14.215  52.432  14.378 
 C   13.648  51.664  16.688 
 N   12.611  52.434  16.742 
 C   12.290  53.245  15.683 
 N   13.107  53.203  14.545 
 O   14.867  52.384  13.371 
 O   11.355  53.986  15.681 
 C   13.063  50.799  18.885 
 H   13.887  54.836  17.843 
 H   14.456  55.965  16.603 
 H   15.082  56.056  18.251 
 H   17.945  47.921  20.390 
 H   16.994  46.585  19.783 
 H   16.247  47.800  20.799 
 H   18.413  46.508  17.719 
 H   19.366  47.843  18.325 
 H   19.130  47.649  16.601 
 H   14.885  49.280  19.693 
 H   17.631  49.171  15.649 
 H   16.094  50.771  14.648 
 H   12.828  53.784  13.783 
 H   12.757  49.781  19.088 
 H   12.199  51.401  18.679 
 H   13.580  51.198  19.750 
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Add 
 

C 15.010  54.833  17.048 
 S   15.992  53.337  16.742 
 C   17.004  47.786  20.037 
 C   16.631  48.606  18.823 
 C   18.721  47.821  17.624 
 C   17.443  48.624  17.686 
 C   15.465  49.359  18.832 
 C   15.082  50.121  17.740 
 C   15.902  50.152  16.622 
 C   17.067  49.407  16.605 
 N   15.480  50.927  15.541 
 N   13.862  50.845  17.711 
 C   14.792  52.126  15.869 
 C   14.313  52.772  14.580 
 C   13.642  51.810  16.804 
 N   12.523  52.438  16.775 
 C   12.222  53.310  15.759 
 N   13.118  53.402  14.683 
 O   14.972  52.747  13.587 
 O   11.229  53.963  15.724 
 C   12.822  50.515  18.680 
 H   14.139  54.625  17.652 
 H   14.721  55.323  16.130 
 H   15.665  55.493  17.602 
 H   17.962  48.093  20.447 
 H   17.080  46.730  19.798 
 H   16.263  47.893  20.820 
 H   18.529  46.760  17.753 
 H   19.416  48.120  18.403 
 H   19.217  47.953  16.670 
 H   14.851  49.342  19.712 
 H   17.689  49.442  15.728 
 H   16.128  51.042  14.789 
 H   12.795  53.914  13.889 
 H   12.716  49.440  18.733 
 H   11.897  50.958  18.362 
 H   13.081  50.900  19.660 
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TS-dark 
 
C 17.498  53.320  18.210 

 S   16.586  53.937  16.771 
 C   16.975  47.814  19.808 
 C   16.610  48.797  18.719 
 C   18.857  48.401  17.598 
 C   17.505  49.071  17.673 
 C   15.373  49.418  18.751 
 C   14.993  50.332  17.771 
 C   15.880  50.594  16.738 
 C   17.119  49.972  16.701 
 N   15.563  51.566  15.766 
 N   13.728  50.936  17.754 
 C   14.263  51.793  15.582 
 C   13.865  52.685  14.477 
 C   13.272  51.539  16.624 
 N   12.040  51.881  16.527 
 C   11.589  52.565  15.420 
 N   12.528  52.943  14.455 
 O   14.644  53.128  13.687 
 O   10.447  52.859  15.257 
 C   12.823  50.763  18.884 
 H   17.728  54.183  18.825 
 H   18.424  52.846  17.918 
 H   16.899  52.635  18.792 
 H   17.871  48.126  20.336 
 H   17.169  46.827  19.399 
 H   16.178  47.722  20.535 
 H   18.764  47.321  17.531 
 H   19.460  48.618  18.475 
 H   19.407  48.739  16.728 
 H   14.698  49.177  19.547 
 H   17.777  50.211  15.885 
 H   16.176  52.478  15.837 
 H   12.182  53.510  13.710 
 H   12.437  49.750  18.919 
 H   12.000  51.445  18.772 
 H   13.354  50.979  19.801 
 


