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Cartesian coordinates

Cartesian coordinates for all optimised minimum energy conical intersections can be accessed
through the following DOI/Zenodo repository: 10.5281/zenodo.8348402. In the repository,
you will find a zip folder for each conical intersection. Each zip folder contains two subfolders
labeled as either DZ or TZ, depending on the basis set used in the optimization, with the

cartesian coordinates for each geometry, with the following naming convention:

Nucleobase + Conicallntersection + ActiveSpace + TZ (if so)

Molecular orbitals and active spaces

Molecular orbitals (MOs) considered for each nucleobase are shown in figures S1-S5. Based
on this information, the different active spaces used in the optimization of each one of the
conical intersections and information about Natural Orbital Occupation Numbers (NOONS)
can be found in the tables S1-S36 where the notation of the orbitals corresponds to the
notation used in the figures. Those tables which give information about NOONs have,
for each active space, two different data sets for each of the states involved in the conical

intersection.


https://zenodo.org/record/8348402

Cytosine

MOs included in the cytosine calculations with an active space of (14,10) can be seen in
Figure S1. For the other cases and for each of the conical intersections, we have different
tables (51,53,55,57,59) with information on which MOs were included in the calculation as
well as other tables with information about how the occupation of those orbitals changes in

the different optimizations.
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Figure S1: Valence 7 and no,n occupied and 7 unoccupied molecular orbitals of Cytosine,
together with their labelling.



Table S1: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (!77*/Sp)cr for cytosine.

T Ty W3 My NN Ty No T Ty T
(14,10) [v v v v v v v v v v
(129) | X v v v v v v v v V
(108) | X v v v X v v v v v
BN | X X v v v v X v v v
86) [X X v v v v X v +v X
(8,5) X X v X v v v v X X
(6,4) X X v X v v X v X X
(4,3) X X X X v v X v X X
(2,2) X X X X X v X v X X

Table S2: Occupation numbers for each one of the molecular orbitals involved in the different
optimizations of the conical intersection (*77*/Sy)cs of cytosine. In green are marked those
orbitals that participate in the conical intersection under study.

m M, 3 my nN s nO n* m* m*

Statel X X X X X 1.950 X 0.050 X X

2,2) State2 X X X X X 1.714 X 0.286 X X
NIO X X X X X 1.500 X 0.500 X X

Statel X X X X 2.000 1.210 X 0.791 X X

(4,3) State2 X X X X 1.999 2.000 X 0.001 X X
NIO X X X X 1.954 1.539 X 0.507 X X

Statel X X 2.000 X 2.000 1:712 X 0.288 X X

(6,4) State2 X X 2.000 X 2.000 192 X 0.073 X X
NIO X X 1.942 X 1.977 1.551 X 0.530 X X

Statel X X 2.000 X 2.000 1.991 2.000 0.010 X X

(8,5) State2 X X 2.000 X 2.000 1.370 2.000 0.630 X X
NIO X X 1.976 X 1.899 1.618 1.984 0.524 X X

Statel X X 1.996 1.988 1.962 1.752 X 0.259 0.044 X

(8,6) State2 X X 1.990 1.999 1.963 1.873 X 0.134 0.042 X
NIO X X 1.964 1.981 1.957 1.490 X 0.521 0.088 X

Statel X X 1.994 1.931 1.955 1.277 X 0.731 0.064 0.050

(8,7) State?2 X X 1.935 1.996 1.993 1.993 X 0.008 0.038 0.063
NIO X X 1.952 1.953 1.945 1.492 X 0.500 0.105 0.053

Statel X 1.999 1.951 1.997 X 0.908 1.920 1.099 0.075 0.052

(10,8) | State2 X 1.993 1.931 1.978 X 1.982 1.960 0.074 0.048 0.035
NIO X 1.993 1.944 1.976 X 1472 1.912 0.533 0.117 0.053

Statel X 1.999 1.997 1.973 1.995 1.960 1.922 0.078 0.039 0.038

(12,9) | State2 X 1.999 1.997 1.951 1.994 0.959 1.932 1.049 0.065 0.053
NIO X 1.996 1.935 1.975 1.963 1.575 1.841 0.555 0.092 0.066

Statel 1.999 1.998 1.994 1.924 1.996 1.958 1.974 0.038 0.077 0.043
(14,10) | State2 1.999 1.997 1.997 1.993 1.951 0.982 1.928 1.028 0.070 0.055
NIO 1.998 1.993 1.975 1.936 1.963 1.569 1.843 0.555 0.105 0.063




Table S3: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*nom*/'n7*)c; for cytosine.

T Ty W3 My NN Ty No T Ty T

(14,10) | v v v v v Vv v v v
(129) |[v v v v X v v v v v
(108) | X v v v X v v v v v
B | X X v v X v v v v v
66) X X v X X v v v v
(6,5) X X v X X v v v v X
(4,4) X X X X X v v v v X
(4,3) X X X X X v v v X X

Table S4: Occupation numbers for each one of the molecular orbitals involved in the different
optimizations of the conical intersection (*nom*/!7r7*)cr of cytosine. In green are marked
those orbitals that participate in the conical intersection under study.

my m, M3 Ty nN M5 n0O T n* n*

Statel X X X X X 2.000 1.091 0.909 X X

4,3) State2 X X X X X 1.798 2.000 0.202 X X
NIO X X X X X 1.514 1.690 0.796 X X

Statel X X X X X 1.966 1.419 0.580 0.034 X

(4.4) | State2 X X X X X 1.249 | 1.997 | 0.751 | 0.003 X
NIO X X X X X 1.590 1.455 0.910 0.045 X

Statel X X 1.902 X X 1.266 2.000 0.735 0.098 X

(6,5) State2 X X 1.928 X X 2.000 1.073 0.926 0.074 X
NIO X X 1.901 X X 1.504 1.516 0.975 0.104 X

Statel X X 1.909 X X 1.546 1.999 0.452 0.091 0.003

(6,6) State2 X X 1.984 X X 1.945 1.284 0.717 0.062 0.009
NIO X X 1.915 X X 1.636 1.496 0.762 0.022 0.169

Statel X X 1.885 1.934 X 1.358 1.999 0.643 0.117 0.063

(8,7) State2 X X 1.916 1.944 X 1.981 1.319 0.687 0.096 0.058
NIO X X 1.891 1.932 X 1.565 1.522 0.899 0.073 0.117

Statel X 1.923 1.989 1.948 X 1.878 1.599 0.447 0.158 0.060

(10,8) | State2 X 1.896 1.995 1.938 X 1.180 1.990 0.827 0.113 0.060
NIO X 1.986 1.902 1.926 X 1.642 1.513 0.826 0.075 0.130

Statel 1.998 1.921 1.989 1.946 X 1.885 1.626 0.416 0.160 0.060

(12,9) | State2 1.999 1.991 1.995 1.941 X 1.104 1.903 0.903 0.105 0.058
NIO 1.997 1.986 1.905 1.927 X 1.650 1.510 0.820 0.075 0.130

Statel 1.995 1.999 1.890 1.998 1.938 1.312 1.994 0.693 0.119 0.063
(14,10) [ State2 1.988 1.998 1.931 1.998 1.955 1.891 1.536 0.501 0.141 0.061
NIO 1.998 1.997 1.905 1.645 1:927 1.645 1.511 0.826 0.075 0.129




Table S5: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*nom*/Sy)cr for cytosine.

T My M3 My NN Ty Mo T Ty T
451X X X X X v v v v Vv
44) X X X X X v v v v X
43) X X X X X v v v X X
22X X X X X X v v X X

Table S6: Occupation numbers for each one of the molecular orbtials involved in the different
optimizations of the conical intersection (‘nom*/Sp)cr of cytosine.

m m, w3 my nN s n0 n* T T
Statel X X X X X X 2.000 0.000 X X
(2,2) State2 X X X X X X 1.134 0.867 X X
NIO X X X X X X 1.500 0.500 X X
Statel X X X X X 1.998 1.929 0.074 X X
(4,3) State2 X X X X X 1.998 1.555 0.447 X X
NIO X X X X X 1.919 1.500 0.581 X X
Statel X X X X X 1.979 1.241 0.759 0.021 X
(4.4) State2 X X X X X 1.823 1.981 0.019 0.177 X
NIO X X X X X 1.790 1.500 0.577 0.134 X
Statel X X X X X 1.913 1552 0.448 0.087 0.000
(4,5) State2 X X X X X 1.900 1.766 0.234 0.101 0.000
NIO X X X X X 1.796 1.499 0.564 0.140 0.001

Table S7: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*nym*/Sy)cr for cytosine.

T Ty M3 My NN Ty No T Ty T
(1410) | v v v v v v v v v
(129) | X v v v v v v v v V
(108) | X X v v v v v v v VvV
87 [X X X v v v v v v V
66) [ X X X v v v X v v v
65 |X X v X v v X v v X
44) [ X X X X v v X v v X
43) [X X X X v v X v X X
22) [X X X X «v X X v X X




Table S8: Occupation numbers for each one of the molecular orbtials involved in the different
optimizations of the conical intersection (‘ny7*/Sy)cr of cytosine.

T, ) 3 my nN s nO n* n* m*

Statel X X X X 1.989 X X 0.011 X X

(2,2) State2 X X X X 1.395 X X 0.605 X X
NIO X X X X 1823 X X 0.677 X X

Statel X X X X 1.999 1.942 X 0.059 X X

(4,3) | state2 | X X X X 1.641 | 2.000 X 0.359 X X
NIO X X X X 1.667 1.789 X 0.544 X X

Statel X X X X 1.761 1.919 X 0.243 0.078 X

(4.4) State2 X X X X 1.890 1.939 X 0.107 0.064 X
NIO X X X X 1.684 | 1.728 X 0.500 | 0.088 X

Statel X X 1.999 X 1.422 12913 X 0.581 0.086 X

(6.,5) State2 X X 1.910 X 1.739 1.995 X 0.267 0.089 X
NIO X X 1.819 X 1.587 1.784 X 0.661 0.149 X

Statel X X X 1.9253 1.843 1.920 X 0.155 0.077 0.051

(6,6) State2 X X X 1.947 1.797 1.928 X 0.197 0.077 0.055
NIO X X X 1.941 1.580 1.824 X 0.503 0.090 0.062

Statel X X X 1.935 1.264 1.912 1.994 0.740 0.091 0.064

(8,7) State2 X X X 1.985 1.949 1:915 1.982 0.027 0.087 0.055
NIO X X X 1.964 1.489 1.892 1.945 0.534 0.097 0.078

Statel X X 1.832 1.987 1.984 1.951 1.914 0.187 0.088 0.057

(10,8) | State2 X X 1.998 1.994 1.201 1.938 1.914 0.805 0.090 0.061
NIO X X 1.975 1.884 1.490 1.870 1.912 0.681 0.108 0.079

Statel X 1.995 1.793 1.980 18952 1.990 1.916 0.220 0.092 0.062

(12,9) | State2 X 1.999 1.941 1.996 1.360 1.995 1.919 0.645 0.085 0.058
NIO X 1.988 1.980 1.890 1.503 1.880 1.906 0.668 0.108 0.078

Statel 1.999 1.996 1.998 1.989 1.473 1.941 1.916 0.534 0.092 0.063

(14,10)| State2 1.996 1.992 1.807 1.950 1.985 1.997 1.922 0.208 0.086 0.057
NIO 1.986 1.972 1.952 1.895 1.531 1.872 1.949 0.668 0.103 0.072

Table S9: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*ny7*/'7m*) o for cytosine.

T Ty W3 My NN Ty No T Ty T

(1410) | v v v v v v v v v
(129) | X v v v v v v v v v
(8,6) X X v X v v v v v X

(8,5) X X v X v v X v X X

(6,4) X X X X v v v v X X

(4,3) X X X X v v X v X X




Table S10: Occupation numbers for each one of the molecular orbtials involved in the
different optimizations of the conical intersection (*ny7*/'77*)cr of cytosine.

my m, M3 my nN s nO T T m*
Statel X X X X 1.995 1.206 X 0.799 X X
4.3) State2 X X X X 1.284 2.000 X 0.717 X X
NIO X X X X 1.516 1592 X 0.963 X X
Statel X X X X 1.002 2.000 2.000 0.998 X X
(6,4) State2 X X X X 2.000 1.616 2.000 0.384 X X
NIO X X X X 1.658 1.604 1.842 0.896 X X
Statel X X 1.999 X 1.000 | 2,000 | 1.999 | 1.002 X X
(8,5) State2 X X 2.000 X 2.000 1.604 1.984 0.412 X X
NIO X X 1.863 X 1.644 1.697 1.856 0.941 X X
Statel X X 1.999 X 1.001 2.000 1.925 0.999 0.077 X
(8,6) State2 X X 2.000 X 2.000 1.526 1.915 0.478 0.082 X
NIO X X 1.925 X 1.575 1.654 | 1.800 | 0.938 | 0.108 X
Statel X 1.980 1.925 2.000 1.999 1.442 1.942 0.562 0.094 0.057
(12,9) | State2 X 1.996 1.994 1.999 1.001 1.924 1.952 1.000 0.084 0.050
NIO X 1.984 1.904 1.978 1.521 1.541 1.936 0.949 0.101 0.085
Statel 1.999 1.996 1.994 1.999 1.000 1.927 1.951 1.000 0.083 0.050
(14,10) | State2 | 2.000 | 1.980 | 1.929 | 1.996 | 1.999 | 1.432 1.938 | 0574 | 0.094 | 0.058
NIO 2.000 1.983 1.944 1.993 1.500 1.506 1.897 0.984 0.110 0.083

The first conical intersection of cytosine is (*77*/Sy)cr. It be can seen that with larger
active spaces, it is observed how one of the electrons in Homo (occ ~2 in the ground state)
goes to the Lumo where the NOONs change to ~1 for both molecular orbitals (excited state).
As the active space is reduced, the occupation do not change as drastically, giving rise to
states in which electronic transfer is not as evident. The other four conical intersections
studied for cytosine do not appear to follow the same trend as the previous one. In these
cases, the occupation of the orbitals is not very affected by the reduction of the active space
(slight changes) however, these differences in the NOONs do not correlate with the results

observed in the P vs B plots in any case.



Uracil

Similar to the case of cytosine, the orbitals included in the optimizations using an active
space of (14,10) are shown in the figure S2. For the rest of the cases, the orbitals can be
found in the tables S11-S16.
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Figure S2: Valence m and no occupied and 7w unoccupied molecular orbitals of Uracil,
together with their labelling.
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Table S11: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (‘77*/Sp)cr for uracil.

T My M3 Ty No1 N5 No2 T Ty T

(14,10) | v v v v v v v v v Vv
128) |v X v v v v v X
108) [ X X v v X v v v v v
(10,7) X X v v v v v v v X
86 [v X v v X +v X v +v X
65 |X X v v X v X v v X
(4,4) X X v X X v X v v X
(4,3) X X v X X v X v X X
(2,2) X X X X X v X v X X

Table S12: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (‘77*/Sy)cr of uracil. In green are marked
those orbitals that participate in the conical intersection under study.

my s my my nO s n0Q m* m* T
Statel X X X X X 2.000 X 0.000 X X
(2,2) State2 X X X X X 1.140 X 0.861 X X
NIO X 2 X X X 1.500 X 0.500 N X
Statel X X 2.000 X X 1.116 2 0.884 X X
4,3) State2 X X 2.000 % X 1.986 X 0.015 % £
NIO X o 1.756 X 3 1.667 e 0.577 N X
Statel X X 1.993 % X 1.245 X 0,758 0.004 X
4,4) | State2 X X 1.999 X X 1.978 X 0023 | 0.0l X
NIO X X 1.957 X by 1.522 2.4 0.506 0.014 X
Statel X X 1.996 1.946 X 1.975 X 0.030 0.053 X
(6.5) State2 X X 1.995 1.960 X 1.380 X 0.622 0.043 X
NIO X X 1.958 1.889 X 1.567 X 0.535 0.051 X
Statel 1.972 X 1.998 1.941 X 2.000 X 0.030 0.059 X
(8,6) State2 1.996 b % 1.999 1.955 X 1.082 X 0.920 0.048 X
NIO 1.975 X 1.983 1.909 X 1.546 X 0.528 0.059 X
Statel X X 1.996 1.992 2.000 1.582 1.964 0.424 0.042 X
(10,7) State2 X X 1.994 1.982 1.999 1.962 1.955 0.065 0.043 X
NIO X X 1.986 1.979 1.982 1.504 1.969 0.516 0.062 X
Statel X X 1.988 1.953 1.933 1.999 1.994 0.016 0.046 0.072
(10.8) State2 X X 1.999 1.957 1.932 1.129 1.999 0.873 0.041 0.070
NIO X X 1.985 1.955 1.902 1.502 1.985 0.436 0.042 0.195
Statel 2.000 X 1.944 1.993 1.998 1.483 2.000 0.526 0.057 X
(12.8) State2 2.000 X 1.937 1.987 1.997 1.972 1.599 0.070 0.038 X
NIO 1.999 EX: 1.940 1.979 1.976 1.504 1.994 0.495 0.115 X
Statel 1.994 1.974 1.944 2.000 1.935 1.999 1.995 0.031 0.054 0.075
(14,10) State2 1.995 1.996 1.951 2.000 1.936 1.202 1.999 0.804 0.048 0.069
NIO 1.985 1.973 1.947 1.999 1.939 1.993 1.493 (1,485 0.064 0.123
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Table S13: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (‘nom*/'n7*)c; for uracil.

T My M3 Ty No1 N5 No2 T Ty T
(14,10) | v v v v v v v v v Vv
129 | X v v v v v v v v v
108) [ X X v v v v v v v v
87 | X X v v X v v v v v
86) [ X X v v X v v +v +v X
65 |X X v X X v v v v X
(6,4) X X v X X v v v X X
(4,3) X X X X X v v v X X

Table S14: Occupation numbers for each one of the molecular orbtials involved in the
different optimizations of the conical intersection (‘non*/'77*)cr of uracil. In green are
marked those orbitals that participate in the conical intersection under study.

m i, 3 T4 nO s nO () n* p i

Statel X X X X X 2.000 1.023 0.977 X X

4.3) State2 X X X X X 1.865 2.000 0.135 X X
NIO X X X X X 1.501 1.768 0.731 X X

State] 58 X 2.000 b1 X 1.772 1.995 0.233 X X

(6,4] State2 X X 2.000 X X 2.000 0.952 1.049 X X
NIO X X 1.973 X X 1.509 1.728 0.790 X X

Statel X 26 1.998 X X 1.925 0.905 1.096 0.077 X

(6,5) State2 .4 X 1.903 X X 1.413 1.999 0.588 0.097 X
NIO X X 1.865 X X 1.507 1.606 0.910 0.112 X

Statel X X 1.983 1.948 X 1.846 1.999 0.148 0.077 X

(8,6) State2? X X 1.999 1.997 X 1.897 0.959 1.041 0.107 X
NIO X X 1.978 1.952 X 1.502 1.536 0.866 0.166 X

Statel X X 1.999 1.950 X 1.931 1.041 0.959 0.071 0.049

(8,7] State2 X X 1.911 1.950 X 1.452 1.998 0.549 0.090 0.049
NIO X X 1.831 1.928 X 1.518 1.659 0.891 0.092 0.083

Statel X X 1.958 1.999 1.940 1.898 1.998 0.092 0.075 0.041

(10,8) [ State2 X X 1.953 1.998 1.997 1.901 0.991 1.011 0.103 0.046
NIO X X 1.947 1.954 1.996 1.501 1.607 0.782 0.161 0.052

Statel X 1.995 1.954 1.998 1.991 1.905 0.830 1.175 0.105 0.048

(12,9) State2 X 1.977 1.935 1.999 1.954 1.797 1.988 0.211 0.087 0.052
NIO X 1.996 1.940 1.971 1.586 1.500 1.586 0.841 0.155 0.056

Statel 1.999 1.993 1.994 1.977 1.946 1.895 1.328 0.698 0.117 0.053
(14,10)| State2 1.998 1.992 1.965 1.978 1.950 | 1.930 0.287 0.104 0.059
NIO 1.990 1.984 1.972 1.956 1.924 1512 1.536 0910 | 0147 0.070
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Table S15: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*nom*/Sy)cr for uracil.

T My M3 Ty No1 N5 No2 T Ty T
(1410) v v v v v v v v v X
129) |v v v v X v v v
108) [ X v v v X v v v v v
87 | X X v v X v v v v v
86 |[X X v v X v v +v v X
65 |X X X v X v v v v X
(4,3) X X X X X v v v X X
(2,2) X X X X X X v v X X

Table S16: Occupation numbers for each one of the molecular orbtials involved in the
different optimizations of the conical intersection (‘nom*/Sy)cs of uracil. In green are marked
those orbitals that participate in the conical intersection under study.

my m, 3 my nO s nO w* n o
Statel 7 ¥ % X X X 1.867 0.133 X X
(2,2) State? X X X X X X 1.861 0.139 X X
NIO X X X 5% X X 1.500 0.500 X X
Statel X X X X X 2,000 1.041 0.960 X X
(4.,3) State2 X X X e X 1.865 2.000 0.135 i %
NIO X X X X X 1.768 1.501 0.731 X %
Statel X X X 1.997 X 1.922 1.032 0.967 0.081 X
(6,5) State? % X % 1.952 X 1.877 1.999 0.106 0.067 X
NIO X X X 1.957 X 1.717 1.500 0.682 0.144 X
Statel % X 1.999 1.953 X 2.000 1.094 0.908 0.046 %
(8,6) State? X X 1.873 1.947 X 1.997 2,000 0.139 0.044 X
NIO X X 1.958 1.865 X 1.793 1611 0.724 0.049 X
Statel R X 1.998 1.955 X 1.892 1.022 0.978 0.044 0.111
(8,7 State? X X 1.945 1.957 X 1.907 1.999 0.080 0.037 0.074
NIO X X 1.951 1.951 X 1.663 1.500 0.707 0.046 0.182
Statel X 1.991 1,953 1.778 X 1,941 1.982 0.228 0.080 0.048
(10,8) | State2 % 1.996 1.993 1.925 X 1.956 1.152 0.851 0.083 0.044
NIO X 1.974 1.955 1.950 X 1.681 1.500 0.757 0.137 0.047
Statel 1.995 1.998 1.993 1.929 X 1.954 1.056 0.951 0.079 0.046
(12,9) | State2 1.995 1.981 1.954 1.768 X 1.937 1.998 0.239 0.077 0.051
NIO 1.994 1.973 1.957 1945 | X 1.672 1.503 0.771 0.136 0.051
Statc] 1.981 1.996 1.770 1.937 1.995 1.770 1.999 0.240 0.078 0.051
(14,10) | State2 1.997 1.995 1.955 1.929 1.999 1.955 1.008 0.997 0.079 0.046
NIO 1.994 1.973 1.956 1.945 1.996 1.670 1,503 0.774 0.139 0,051

As expected, NOONs in Tables S12, S14 and S16 do not explain the differences in the
classification of the conical intersections of uracil since the observed changes do not correlate

with the P and B results.

13



Thymine

In this case, the orbitals included in the optimizations using an active space of (14,10) are

shown in the figure S3. For the rest of the cases, the orbitals can be found in the tables

S oF
R
I

S17-522.

Ty
<
Noq

Figure S3: Valence m and np occupied and 7 unoccupied molecular orbitals of Thymine,
together with their labelling.
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Table S17: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (‘77*/Sp)cr for thymine.

T Ty T3 Mol T4 N5 No2 T Ty T

(14,10) | v v v v v v v v v Vv
129 | X v v v v v v v v v
108) [ X X v X v v v v v v
87 [ X X v X v v v v v v
(4,4) X X X X X v v v v X
(4,3) X X X X X v v v X X
(2,2) X X X X X v X v X X

Table S18: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (!w7*/Sp)cs; of thymine. In green are
marked those orbitals that participate in the conical intersection under study.

m, m; 3 nO 4 s no n* n* n*

Statel X X X X X 1.982 X 0.018 X X

2,2) State2 X X X X X 1.566 X 0.434 X X
NIO X X X X X 1.500 X 0.500 X X

Statel X X X X X 1.818 2.000 0.182 X X

4,3) State2 X X X X X 2.000 1.882 0.118 X X
NIO X X X X X 1.680 1.799 0.522 X X

Statel X X X X X 1.530 2.000 0.470 0.000 X

(4.4) State2 X X X X X 1.970 1.999 0.031 0.000 X
NIO X X X X X 1.500 1.968 0.532 0.000 X

Statel X X 1.999 X 1.957 1.185 1.942 0.817 0.060 0.041

(8,7) State2 X X 1.998 X 1.953 1.999 1.944 0.002 0.060 0.044
NIO X X 1.990 X 1.955 1.481 1.923 0.353 0.257 0.042

Statel X 1.999 1.999 X 1.930 1.194 1.956 0.808 0.072 0.041

(10,8) | State2 X 1.994 1.999 X 1.934 1.985 1.953 0.018 0.072 0.047
NIO X 1.982 1.954 X 1.897 1.563 1.909 0.481 0.171 0.042

Statel X 1.981 1.949 1.996 1.934 1.999 1.997 0.025 0.072 0.048

(12,9) | State2 X 1.999 1.956 1.997 1.933 1.053 1.998 0.950 0.070 0.043
NIO X 1.973 1.989 1.990 1.929 1.506 1.953 0.450 0.166 0.044

Statel 1.998 1.997 1.955 2.000 1.935 0.979 1.999 1.025 0.069 0.045
(14,10) [ State2 1.995 1.977 1.946 1.996 1.933 1.999 1.992 0.032 0.076 0.053
NIO 1.995 1.974 1.976 1.984 1.738 1.702 1.947 0.348 0.088 0.049
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Table S19: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (‘nom*/*7n7*)cr for thymine.

noir Ts No2

(14,10)
(14,8)

NBVYANANANAVANA Vst
IANEIE E AN RN Y
A AN AN AR

P P AN AN
S ESE ANAN AN AN
S ASANA R AR N
S ESE AN AN AN AN
S ESIAN AN AN A AN
NASAVNAYANANANAY

ANNANANANANANANAN

Table S20: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (*non*/!77*)cr of thymine. In green are
marked those orbitals that participate in the conical intersection under study.

my M T3 Ty nO s n0O n* m* m*
Statel X X X X X 1.063 1.982 0.955 X X
4.3) State? X X X X X 1.990 1.032 0.978 X X
NIO X X X X X 1.504 1.494 1.003 X X
Statel X X X X X 1.051 1.760 0.962 0.227 X
(4,4) | State2 X X X X X 1578 | 1.191 | 0874 | 0357 X
NIO X X X X X 155 1.483 0.860 0.502 X
Statel X X 1.990 X X 1.978 0.975 1.058 X X
(6,4) State2 X X 1.975 X X 1.148 1,993 0.885 X X
NIO X X 1.929 X X 1.498 1.501 1.072 X X
Statel X X 1.980 X 2.000 0.932 1.992 1.096 X X
(8,5) State? X X 1.987 X 1.977 0.971 2.000 1.066 X X
NIO X X 1.839 X 1.970 1.502 1.653 1.035 X X
Statel X 2.000 2.000 2.000 1.964 1.988 0.878 1.170 X X
(12,7) | State2 X 2.000 2.000 2.000 1.979 0.999 1.964 1.059 X X
NIO X 1.998 1.986 1.995 1.922 1527 1.510 1.063 x X
Statel X 1.987 1.992 1.975 1.936 1.949 0.978 1.062 0.045 0.076
(12,9) | State2 X 1.987 1.998 1.930 1.988 1.031 1.919 0.999 0.068 0.082
NIO X 1.960 1.989 1.961 1.948 1.475 1.471 1.009 0.067 0.121
Statel 2.000 2.000 2.000 2.000 1.984 2.000 0.821 1.196 X X
(14.,8) State? 1.994 1.989 2.000 2.000 2.000 1.003 2.000 1.014 X X
NIO 1.998 1.991 1.972 1.998 1.969 1.516 1.499 1.057 X X
Statel 1.971 1.958 1.993 1.982 1.996 1.946 1.082 0.954 0.049 0.070
(14,10) | State2 1.997 1.934 1.998 1.984 1.987 1.048 1.913 0.986 0.064 0.089
NIO 1.992 1.970 1.964 1.967 1.957 1.487 1.470 0.998 0.063 0.133
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Table S21: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (*nom*/Sy)cr for thymine.

*
noir T MNo2 T

(14,10)
(12,9)

A P S AN
S P AN AN
AR AN S
S AN AN AN
SIEIANANESANAN
NANANANANANAN
NAYAYASANANAN
NAYAYAYAYANAN
SIANRSR SR NN
SR ESIRN AN AN

Table S22: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (nom*/!77*)cr of thymine. In green are
marked those orbitals that participate in the conical intersection under study.

m m, 3 m, nO 5 nO > m* m*
Statel X X X X X 1.859 2.000 0.142 X X
4,3) State2 X X X X X 2.000 1.288 0.712 X X
NIO X X X X X 1.778 1.502 0.720 X X
Statel X X 1.906 X X 1.411 1.995 0.593 0.095 X
(6,5) State? X X 1.926 X X 1.998 0.938 1.064 0.074 X
NIO X X 1.850 X X 1.608 1.520 0.909 0.113 X
Statel X X 1.906 X 2.000 1.410 1.998 0.592 0.095 X
(8,6) State2 X X 1.995 X 1.998 1.927 0.909 1.096 0.076 X
NIO X X 1.853 X 1.995 1.521 1.611 0.909 0.111 X
Statel X X 1.906 X 1.956 1.410 1.994 0.595 0.095 0.044
8,7) State2 X X 1.998 X 1.955 1.925 1.083 0.920 0.076 0.044
NIO X X 1.849 X 1.956 1.607 1.525 0.907 0.044 0.114
Statel X X 1.956 1.999 1.411 1.906 1.997 0.591 0.095 0.044
(10,8) | State2 X X 1.955 1.997 1.925 1.992 1.120 0.889 0.078 0.044
NIO X X 1.956 1.994 1.856 1.612 1.523 0.903 0.045 0.111
Statel X 1.999 1.948 1.996 1.999 1.932 1.020 0.983 0.070 0.054
(12,9) State2 X 1.999 1.948 1.996 1.913 1.459 1.998 0.544 0.089 0.054
NIO X 1.989 1.864 1.986 1.944 1.633 1.526 0.884 0.079 0.094
Statel 2.000 1.998 1.955 1.996 1.999 1.417 1.910 0.587 0.093 0.046
(14,10) | State2 2.000 1.998 1.955 1.992 1.996 1.927 1.133 0.877 0.077 0.046
NIO 1.997 1.995 1.844 1.984 1.955 1.624 1.55 0.902 0.046 0.103

The findings for the conical intersections of thymine mirror the trends observed for uracil
and cytosine, further illustrating that the subtle shifts in NOONs do not provide a satisfac-
tory explanation for the diversities in conical intersection classifications, as the changes in

orbital occupancies do not correlate with P and B results.
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Guanine

As it is well known, the active spaces in the case of purine nucleobases are larger than
those of pyrimidine nucleobases. In the specific case of guanine we have used only for the
optimization of (L,('77*)/Ss)cr conical intersection, due to the computational cost of the
calculations, an active space of 20 electrons distributed in 14 orbitals. These orbitals are
shown in Figure S4 while for the rest of the cases in which other active spaces have been used
and for each conical intersection we have different tables specifying which MOs are included

and how NOONSs change.
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* *

T3 Ty

Figure S4: Valence m and no/y occupied and m unoccupied molecular orbitals of Guanine,
together with their labelling. Orbital ny; is removed from almost all active spaces as its
occupation number (and therefore its contribution) is negligible.
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Table S23: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (L, (*77*)/Sp)cr for guanine.

nyi M T2 T3 N2 NNz T4 No T Tg T Ty Ta T,
(20,14) | v v v v v Vv v vV vV vV v vV v v
(1612) | X v v v +v X v v v v v v v v
(411) | X v v v X X v v v v v v v v
(12,10) X v v X X X v v v v v v v Vv
(10,9) X X v X X X Vv v v v v v v Vv
(8,8) X X v X X X v X v v v v v Vv
(8,6) X X v X X X v X v v v v X X
(6,5) X X X X X v v X X v v v X X
(4,3) X X X X X v X X X v v X X X
(2,2) X X X X X X X X X v v X X X

Table S24: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (L,('77*)/So)cr of guanine. In green are
marked those orbitals that participate in the conical intersection under study.

N my My My nN N my n0 s E n* a* b "
Statel X b.4 X X X X b.4 X % 1472 | 0528 2.4 X 2
22 | sme2 | X X X X X X X X X 1990 | 0.010 X X X
NIO X S X X X X S X X 1.500 | 0.500 X X X
Statel X X X X X | 199 X X X 1.602 0.399 X X X
4,3) | Sute2 X X X X X 2000 | X X & 1976 | 0.024 % X X
NIO X X X X X 1.858 X X X 1,635 0.507 X X X
Statel X X X X X 1.991 1.998 X X 1.915 0.009 0.087 X X
(6,5) | Statc2 X X X X X 1.919 1.998 X 3 1393 | 0.603 | 0.087 X X
NIO X X X X X 1911 | 1.997 X X 1483 | 0502 | 0.108 X X
Statel X X 1.927 X X X 1.998 X 1.996 1.203 0.797 | 0.080 X X
(8,6) | State2 X 5.4 2.000 % X X 1.999 X 1.997 1.908 | 0002 | 0.094 X X
NIO X X 1.996 X X X 1.947 X 1.955 | 1.494 0.512 0.097 X X
Statel X X 1,958 X X X 1.932 X 1.944 1.868 0.104 0.082 0.063 0.049
(88) [Swe | X X [ 1937 [ X X X | 1918 | X [ 1943 | 1692 | 029 | 0.089 | 0.067 | 0056
NIO X X 1.932 X X X 1.923 X 1928 | 1.459 0.535 0.056 | 0.080 0.087
Statcl X X 1.939 X X X 1.910 1.972 1.991 1950 | 0036 | 0084 | 0073 | 0045
(109) [ sme2 | X [ X [ 19% [ X X | X | 1o | 14 [ 1917 [ 1318 | 0684 | 0089 [ 0079 [ 0054
NIO %% X 1.942 X X X 1.923 | 19352 1945 | 1462 | 0555 | 0.052 | 0.080 | 0.088
Statel X 1.999 | 1925 X X X 1.932 | 1948 1,995 1,728 0.261 0.083 | 0.074 0.054
(12,10) | Ste2 | X 1998 | 1.941 X X A | Lol | 1976 | 1.951 | L781 | 0218 | 0.089 | 0068 | 0058 |
NIO X 1.991 1.940 X X X 1.925 1.957 1,931 1.453 0.564 0.061 0.091 0.086
Statel X 1.914 1.999 1.993 X X 1.925 | 1.998 1.940 LO0T | 0998 | 0.077 | 0.091 0.059
(14,11) | State2 X 1967 | 1998 | 1.990 X X 1936 | 1947 | 1982 | 1906 | 0.053 | 0087 | 0.084 | 0051
NIO X 1.940 1.989 1980 | X X 1.931 1.957 1.932 | 1.453 0.569 | 0.061 0.092 | 0.087
[ Statel [ X [ 1992 [ 1943 [ 1999 [ 1990 [ X | 1936 | 1969 [ 1.985 | 1902 | 0.084 | 0.093 | 0.05 | 0.050
(16,12) | State2 X 1.999 1.919 1.997 | 1.993 X 1.923 1.997 1940 | 1297 | 0709 | 0.09 | 0.077 | 0.060
NIO X ; 1.988 X 1.529 | 1.962 1953 1.454 0.574 0.062 | 0.083 0.095
Statel. 1999 | : L773 | 0220
(20,14) | State2 1.999 | 1.744 0.257
NIO 1.973 1.459 | 0.580
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Table S25: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (L,(*w7*)/Ly(*n7*))cs for guanine.

nyi M T2 T3 N2 NNz T4 No T Tg T Ty Ta T,
(1813) | X v v v v v v v v v vV v v Vv
(1612) | X v v v v X v v v v v v
(41) | X v v v X v v X v v v v v v
(12,10) X v v X X v v X Vv v vV v v Vv
(109) | X X v X X v v X v v v v v v
(6,5) X X X X X v X X v v v v X X
(4,4) X X X X X X X X v v v v X X

Table S26: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (L,(*77*)/Ly(*77*))cs of guanine. In
green are marked those orbitals that participate in the conical intersection under study.

nN m my My nN nN my n0O s L n* b i ol a
Statel X X X X X X X X L.607 1276 | 0.665 | 0452 X X
(4.4) State2 X X X X X X X X 1.943 0.643 1.306 0.108 X X
NIO X X X X X X X X 1.682 1.172 | 0.793 | 0.353 X X
Statel X X X X X 1.981 X X 1080 1.817 0.856 0.266 X X
(6.5) State2 X X X X X 1.985 X X 1.203 1.854 0.187 0.771 X X
NIO X X X X X 1.955 X X 1.788 1.043 0.734 0479 X X
(Stel | X [ X [ 190 [ X | X [1617 | 1938 [ X | 1638 | 1058 | 0773 | 0570 | 0.097 | 0050
(109) | Sate2 | X X || X X | 1943 | 1o40 | X [ 197 | 1791 | 0935 | 0.074 | 0075 | 0.041
NIO X X 1.940 X X 1.927 | 1.642 X 1.645 1.351 0.866 0.047 0.091 0.491
Statel X 1.991 1.941 X X 1.928 1.997 X 1.818 1.483 0.473 0.228 0.090 0.05]
(12,10) [ State2 X 1.995 1.924 X X 1.907 1.999 X 1.580 1.148 0.844 0.434 0.109 0.061
NIO X 1.995 1.923 X X 1.894 1.989 A 1.696 1.025 | 0.830 | 0385 0.201 0.064
Statel X 1.981 1,924 1962 | X 1.892 | 1987 X 1.951 1.367 0.609 0.181 0.098 0.050
(14,11) | Statc2 X 1.993 1.936 1.977 X 1.931 1.996 X 1.640 1075 | 0865 | 0449 | 0.084 | 0.054
NID X 1.984 1.966 1.987 X 1.930 1.902 X 1.774 1.029 0811 0.468 0.094 0.056
Statel X 1.930 1.995 1990 | 1.999 1.927 | 1.893 X 1.628 1120 | 0.698 | 0.622 | 0130 | 0.067
(16,12) | State2 X 1.943 1,986 1,982 1.999 1.920 1.817 X 1868 1.234 0.291 0.775 0.127 0.057
NIO X 1.899 1.983 1.989 1.998 1.925 1.795 X 1.727 1.220 0.182 0.064 0.461 0.756
 Statel X 1.993 1930 | 1995 | 1998 | 1.994 | 1915 | 1.999 | 1.585 1.154 | 0836 | 0438 | 0.103 | 0.060
(18,13) Stte2 | X | 1981 | 1924 | 1989 | 1998 | 1832 | 1945 | 1.999 | 1.871 | 1368 | 0307 | 0614 | 0118 | 0055
NIO X 1.946 1.925 1.993 1.998 1.985 1,859 1.998 1.500 1.526 0.965 0.181 0.071 0.053
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Table S27: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (L,(*77*)/*nom*)c; for guanine.

nyi M T2 T3 N2 NNz T4 No T Tg T Ty Ta T,
(1813) | X v v v v v v v v v vV v v Vv
(16,12) | X v v v X v v Vv v v v v v v
(1411) | X v v v X X v v v v v v v vV
(12100 | X v v X X X v v v v v v v VvV
(109) | X X v X X X v v v v v v v Vv
(108 | X v v X X X X v v v v v v X
(8,7) X X v X X X X v v v v v v X
(8,6) X X v X X X X v v v v v X X
(6,5) X X X X X X X v X v v v X X
(4,4) X X X X X X X v X v v v X X
(4,3) X X X X X X X v X v v X X X

Table S28: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (Ly('77*)/'nom*)cr of guanine. In green
are marked those orbitals that participate in the conical intersection under study.

nN M T, a3 nN nN g no | s Mg | a i T
Statel x X x X x X x 2.000 x 1557 | 0444 X x X
(4,3) | State2 X X X X X X X 1.073 X 2.000 | 0.927 X X X
NIO X X X X X X X 1.503 X 1.583 | 0914 X X X
State] X X X X X X X 1118 X 1991 | 0882 | o009 | X X
(4,4) | State2 X X X X X X X 2.000 X 1062 | 0938 | 0001 | X X
NIO X X X X X X X 1.504 X 1473 | 0993 | 0.031 X X
~ Statel X X X X X X X 1328 | 1964 | 1.999 | 0.673 | 0.036 X X
(6,5) | State2 X X X X X X X 1.999 | 1.963 | 0.955 1.044 | 0.040 X X
NIO X X X X X X X 1498 | 1907 | L501 | LO016 | 0.078 X X
Statel % X 1.981 X % X % 1.302 1.964 | 1999 | 0.704 | 0.050 % X
(8.6) | State2 X X 1.994 X X X X 1998 | 1957 | 0988 | L1014 | 0.050 X X
NIO X X 1.983 X X X X 1495 | 1911 1501 | L019 | 0.092 X X
State] X X 1.968 X X X X 1997 | 1914 | 0972 | 1026 | 0.085 | 0.037 X
(8.7) | State? X X 1.967 X X X 2 1.355 1914 | 2.000 | 0.645 | 0034 | 0.085 X
NIO X X | 1947 % X % X 1511 | 1873 | 1501 1012 | 0095 | 0062 %
Statel X 1.998 | 1.961 X X X X 1.907 | 1.997 | 1.027 | 0973 | 0.092 | 0.046 X
(10,8) | State2 X 1909 | 1.966 X X X X 1389 | 1.982 | 1999 | 0.614 | 0.093 | 0.048 X
NIO X 1.981 1.942 X X X X 1.55% | 1.823 | 1.500 | 0.997 | 0.135 | 0.062 X
Statel X X 1.905 X X X 1382 | 1941 | 2,000 | 0.616 | 0.096 | 0.065 | 0.047
(10,9) | State2 X X | 193 X X X 1.900 | 1.937 1009 | 0.985 0.103 | 0.067 | 0.048
NIO X X 1.916 X X X 1528 | 1.860 | 1500 | 0958 | 0.055 | 0067 | 0175
Statel X 1.994 | 1.955 X X X 1900 | 1.937 | L040 | 0956 | 0.106 | 0.069 | 0.047
(12,10) | State2 X 1.984 | 1.907 X X X 1363 | 1946 | 1999 | 0.638 | 0.099 | 0.064 | 0.046
NIO % 1.985 1.923 X % X 1530 | 1856 | 1500 | 0865 | 0.053 | 0.069 | 0.175
Statel X 1.998 | 1994 | 1956 X x: 1900 | 1938 | 1025 | 0971 | o106 | 0070 | 0047
(14,11) | State? X X X 1357 | 1948 | 1999 | D646 | 0102 | 0.066 | 0.047
NIO X X X 1.525 | 1.8570 | 1.500 | 0.965 | 0.052 | 0071 | 0181
_ Statel X X 1.999 1.900 | 1.994 | 1.020 | 0.976 | 0.106 | 0.070 | 0.047 |
(16,12) | State2 X X 1999 | 1993 [E13090 1.984 [F19o9Winilions o 0.102 | 0.067 | 0.047 |
NIO X X 1.09% | 1.500 | 1856 | 1.526 | 0965 | 0.052 | 0.071 | 0.181
Sutel | X 11999 | 1908 [ 1.992 [ 1373 | 1984 [ 2000 [ 0630 | 0101 [ 0.067 | 0.048 |
(18,13) | Suae2 . 1.999 | 1.957 1.901 | 1.994 | 1006 | 0.991 | 0106 | 0.071 | 0.047
NIO X 1998 | 1.990 | 1519 | 1839 | 1500 | 0973 | 0.052 | 0074 | 0.194
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Table S29: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (Ly(*77*)/'ny7m*)c; for guanine.

N2 N3 T4

3
2

1

<

e S S S P P P
I P P AN AN AN
SIEIESIANANANANANAN S
S P P R N AN
SIS P ANAN
NANR SRS SR SANANAN
<= AR AN YA
I PP P I RN
NANAYAN AR SR NN NE:
NAVAVAVANA SRR NANE
NAYAVAYAYANA SRR Nt
NAVAYAYAYANANANA Y S
S ANANAYAYA VAN A Y5
S E I ANANAN AN A YS!

Table S30: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (Ly(*m7*)/*nym*)cr of guanine. In green
are marked those orbitals that participate in the conical intersection under study.

nN m My my nN N my n0 s g F " o fidd
Statel X X X X X 1.337 X X 1.131 1.985 0.613 0.734 X X
(6,5) | State2 X X X X X 1.993 X X 0.874 1.847 1.132 0.154 X X
NIO X X X X X 1.323 X X 1.742 1.587 0.892 0.456 X X
Statel X X X X X 1.557 X X 1.908 1279 | 0.853 0394 | 0.010 X
(6,6) | State2 X X 28 X X 1.493 X X 1.944 1237 | 0875 0.442 0.009 X
NIO X X X X X 1.598 X X 1:753 1,308 0.885 0.445 0.011 X
Statel X X X X % 1666 1915 X 1.997 1031 0.822 | 0479 | 0.090 X
(8,7) | Suate2 X X X X X 1.996 1.946 X 1.030 1870 | 0966 | 0.133 0.059 X
NIO X X X X X 1.769 1925 X 1.503 1.369 0.839 0.515 0.080 X
_ Statel X X 1.996 X X 1.950 1.927 X 1.237 1.593 0928 | 0300 | 0.069 X
(10,8) | State2 X X 1.995 X X 1.562 1.919 X 1.940 1.175 0.781 0.547 0.082 X
NIO X X 1.993 X X 1.772 1.926 X 1.508 1.381 0.817 0.524 0.079 X
Statel X 36 1.995 X X 1.952 1.947 X 1.032 1.873 0.965 0.127 0.040
(10,9) | State2 X X 1.940 X X 1.688 | 1.919 X 1996 | 1.027 | 0.812 | 0475
X X 1.944 X X 1.770 1.930 X 1.504 1375 0.810 0.047
State] X X 1.981 X 1.986 1.946 1.951 X 1.063 1866 | 0.949 | 0.145
(12,10) | Sate2 | X X 1.999 X 1939 | 1716 | 1.920 X 1997 | 1045 | 0436 | 0.805
NIO X X 1.945 X 1.979 1.789 1.930 X 1:527 1.355 0.807 0.047
Statel X 1.992 1.982 X 1.980 1.945 1.948 X 1.059 1.844 0.969 0.158
(14,11) | State2 | X 1986 | 1.999 X 1931 | 1808 | 1.920 X 1977 | 1.153 | 0327 | 0.756
NIO X 1.986 1.939 X 1.979 1.841 1.935 X 1.535 1.356 0.763 0.049
Statel | X 1949 | 1993 | 1.979 | 1984 | 1951 | 1.995 X 1057 | 1.877 | 0960 | 0135 | ¢
(16,12) | State2 X 1.935 1.980 1599 | 1915 1.834 1.994 X 1.997 1.237 0.247 0.720 0.091
NIO X 1.985 1.936 1.992 1.970 1.853 1.941 X 1.538 1.379 0.746 0.049 0.086
State] | X 1997 | 1948 | 1993 | 1.971 | L350 | 1579 | 1995 | 1064 | 1867 | 0.963 | 0153 | 0.079
(18,13) | State2 X 1999 1.914 1980 | 1.999 1.845 1.936 1.997 [ 15933 1.273 0233 0.691 0.090
NIO X 1.985 1.936 1.992 1.970 1.860 1.938 1.998 1.546 1374 | 0.765 0.049 | 0.087

Despite the somewhat more complex character of some of the conical intersections of
purines compared to those of pyrimidines (involving more orbitals), the results obtained are
similar when dealing with NOONs and the trends observed, in this case, for guanine are

analogous to the previous ones. It is not possible to extract decisive data to help explain the
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different classifications within the same conical intersection, nor do they give information on

how similar are those in the same quadrants.
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Adenine

For adenine, the larger active space used was 18 electrons distributed in 13 orbitals as can be
seen in Figure S5. Following the same system as before, we have a table specifying which MOs

are included in the different calculations and other tables with information about NOONSs.
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Figure S5: Valence m and no/n occupied and 7 unoccupied molecular orbitals of Adenine,
together with their labelling. Orbital ny; is removed from almost all active spaces as its
occupation number (and therefore its contribution) is negligible.
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Table S31: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (L,('77*)/Sp)cr for adenine.

NNy M M NN2 T3 Wy Ty T NN3 T, Ty Ta Ty
(1813 | v v v v v v v v v v v v v
(16,12) | X v v v v v v v v v v
(1411) | X X v v v v v v v v v v v
(12100 | X X X v v v v v v v v v v
(10,9) X X X X VvV v v v v v v v Vv
(8,8) X X X X X v v v v v v v v
(8,7) X X X X X v v v v v v v X
(6,5) X X X X X X v v v v v X X
(4,3) X X X X X X X v v v X X X
(2,2) X X X X X X X v X v X X X

Table S32: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (L,('77*)/So)cr of adenine. In green are
marked those orbitals that participate in the conical intersection under study.

nN my my nN 3 Ty s 73 nN I n* n* T
Statel X X X X X X X 1.384 X 0.616 X X X
(2,2) | State2 X X X X X X X 1.995 X 0.0035 X X X
NIO X X X X X X X 1.500 X 0.500 X X X
Statel | X X X X X ¥ X 1369 | 2000 | 0631 X X X
4.3) State? X X X X X X X 1.993 2.000 0.008 X X X
NIO X X X X X X X 1.605 1.882 0.513 X X X
~ Statel X X b X X X - 1.938 1.356 1.995 0.644 0.068 % N
(6,5) State2 X X X X p. € .8 1.996 1.915 2.000 0.005 0.085 X X
NIO X X X X X X 1.990 1.543 1.879 0.499 0.089 X X
Statel X X X X X 1.999 1.955 1858 1.955 0.126 0.075 0.049 X
8,7 State2 X X X X X 1.998 1.948 1.702 1.948 0.285 0.075 0.004 X
~ NIO X X X X X 1.967 1.952 1.430 1.935 0.519 0.080 0.067 X
Statel X X X X X 1.928 1.957 1.726 1.913 0.261 0.093 0.072 0.050
(8.8) State2 X X X X X 1.955 1.930 1.814 1.938 0.173 0.084 0.062 0.045
NO | X X X X X 1934 | 1929 | 1467 | 1924 | 0522 | 0091 | 0.057 | 0075
Statel X X X X 1.993 1.903 1.951 1.694 1.924 0.303 0.101 0.077 0.054
(10,9) | State2 X X X X 1944 | 1918 | 1.976 | 1.757 | 1932 | 0249 | 0.089 | 0.080 | 0.055
NIO X X X X | 1.945 1.928 1.923 1471 1911 0.582 0.090 0.059 0.091
Statel X X X 1935 1.963 1.980 1.940 1.902 1.971 0.097 0.098 0.070 0.045
(12,10) | State2 X X .4 1.995 | 1.936 1.920 1.997 1.190 1.598 0.819 0.103 0.078 0.064
) X x X 1968 | 1947 | 1944 | 1940 | 1456 | 1924 | 0576 | 0078 | 0063 | 0.104_
Statel X X 1.964 1.927 1.936 1.984 1.992 1.834 1.977 0.117 0.101 0.073 0.047
(14,11) | State2 X X 1.991 1.995 1.940 1.923 1.994 1.354 1.904 0.615 0.102 0.078 0.062
NIO X X 1.911 1.969 1.948 1.945 1.943 1.460 1.921 0.577 0.078 0.063 0.107
Statel | X 1998 | 1.996 | 1998 | 1940 | 1923 | 1992 | 1.166 | 1901 | 0.844 | 0103 | 0.078 | 0.063 |
(16,12) | State2 X 1.997 1.963 1937 | 1.943 1.980 1.992 1.905 1.972 0.095 0.098 0.072 0.047
NIO X 1.994 1.991 1.950 1.969 1.948 |1941.000| 1.459 1.924 0.578 0.077 0.064 0.106
Statel 1.998 1.998 1.998 1.996 1.920 1.940 1.991 1.024 1.901 0.987 0.103 0.082 0.063
(18,13) | State2 1.999 1.997 1.948 1.969 1.963 1.979 1.992 1.903 1.941 0.091 0.099 0.074 0.047
NIO 1.994 1.986 1.989 1976 | 1952 1.953 1.934 1.458 1.922 0.581 0.086 0.063 0.106
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Table S33: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (L,(*w7*)/Ly(*77*))cr for adenine.

NNy M M NN2 T3 Wy Ty T NN3 T, Ty Ta Ty
(1612) | X v v v v v v v v v v v v
(1411) | X X v v v v v v v v v
(12100 X X X v v v v v v v v v v
129 | X X X v v v v v v v v v X
(10,8) X X X v X v v v v v v v X
(8,7) X X X X X v v v v v v v X
(8,6) X X X X X v v v v v v X X
(6,5) X X X X X X v v v v v X X
(4,4) X X X X X X v v X v v X X
(4,3) X X X X X X v v X v X X X

Table S34: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (Lo(*m7*)/Ly(*77*))cr of adenine. In
green are marked those orbitals that participate in the conical intersection under study.

nN m i, nN 3 my s g nN n* n* n* n*

Statel | X X% X% X% X X% 1.609 | 2.000 X% 0.391 X X% X%

(4,3) | State2 X X X X X X 2,000 | 1.515 X 0.486 X X X
NIO % % % % % % 1.510 | 1.670 % 0.821 % % %

Statel X X X X X X 1.252 | 1.782 X 0.771 | 0.195 X X

44) | stae2 | X X X X X X 1.921 | 1451 X 0552 | 0.076 X X
NIO X X X X X X 1.509 | 1.423 X 0.898 | 0.170 X X

Statel X X X X X X 1.220 1.750 1.992 0.846 0.192 X X

(6,5) Siate X X X X X X 1.337 1.943 1.976 0.683 0.061 X X
NIO X X X X X X 1.486 1.527 1.873 0,952 0.162 X X

Statel X X X X X 1.992 1.900 1.149 1.980 0.867 0.112 X X

(8,6) | State2 X X X X X 1998 | 1.333 1.962 1816 | 0707 | 0.184 X X
NIO X X X X X 1.971 1.648 1.447 1.770 0.954 0.209 X X

State ] X X X X X 1.911 1.650 1.274 1.989 0.773 0.322 0.082 X

(8,7) | State2 X X X X X 1.971 1349 | 1.930 | 1886 | 0.684 | 0.117 | 0.062 X
NIO X X X X X 1.899 L7417 1.377 1.783 0.892 0.256 0.077 X

Statel X X X 1.922 X 1.990 | 1.867 | 1452 | 1.974 | 0580 | 0141 | 0.074 X

(10,8) | State2 X X X 1.995 X 1.976 | 1278 | 1868 | 1.924 | 0.770 | 0.125 | 0.064 X
NIO X X X 1.955 X 1937 | 1517 | 1514 | 1936 | 0914 | 0153 | 0075 X

Statel X X X 1.924 | 1997 | 1988 | 1.869 | 146l 1.974 | 0.571 | 0.141 | 0.075 X

(12,9) | State2 X X X 1977 | 1.997 | 1.923 1.267 | 1864 | 1995 | 0.782 | 0.129 | 0.067 X
NIO X X X 1.957 | 1994 | 1937 | 1517 | L1516 | 1937 | 0911 | 0154 | 0.076 X

Statel X X X 1.925 1.935 1.970 | 1.886 | 1501 1.973 | 0525 | 0139 | 0.082 | 0.067
(12,10) | State2 X X X 1.992 1.940 1.912 1.169 1.816 1.975 0.900 0.153 0.080 0.063
NIO X X X 1.938 | 1.953 1.933 1.519 | 1.493 1.932 | 0915 | 0067 | 0.089 | 0.162

Statel i i 1.922 1.992 1.934 | 1.986 | 1.858 | 1454 | 1973 | 0576 | 0152 | 0.085 | 0.067
(14,11) | State2 X X 1.976 1.990 1.940 1.910 1.242 1.844 1.995 0.815 0.139 0.084 0.064
NIO X% X 1.989 | 1.959 | 1.939 | 1.935 1.520 | 1.493 1.933 | 0912 | 0068 | 0.089 | 0.162

Statel X 1.995 1.923 1.992 1.935 1.988 1.851 1.437 1.976 0.597 0.155 0.084 0.068
(16,12) | State2 X 1997 | 1995 1990 | 1942 1914 | 1265 1857 | 1977 | 078 | 0131 | 0082 | 0065
NIO X 1.993 1.989 1.957 1.939 1.939 1.519 1.498 1.936 0.914 0.069 0.088 0.159
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Table S35: Molecular orbitals included in the active spaces used for the optimization of the
conical intersection (Ly('7m*)/Inym*)cr for adenine.

Nye T3

3
=

*
1 nnys 7T

(16,12)
(14,11)
(12,10)
(10,9)
(10,8)
(6,6)
(6,5)

P P S S P
I R P AN
I P AN AN
SEANANAYANAN
SIESANANANANAY
S P RN AN AN
NAVA AR ANANE
NAVAY AR NANANE
NAYAYASANANAN
NAYAVAYAYANAN
NAYAYANANANA YS!
AR AN NANA YS!
SIS AN A A YS!

Table S36: Occupation numbers for each one of the molecular orbitals involved in the
different optimizations of the conical intersection (Ly('77*)/'ny7*)cr of adenine. Those
orbitals that participate in the conical intersection have their cell in green.

nN ny 199 nN 3 y s e nN n* n* n* n*

Statel X X X X X X 1.978 1.925 0.942 1.068 0.086 X X

(6,5) | State2 X X X X X% X 1261 | 1.470 | 1995 | 0764 | 0.509 X X
NIO X X X X X X 1475 1.621 1.683 0L.883 0.338 X X

Statel X X X X X X 1.956 1.549 1.078 0.951 0.134 0.031 X

(6,6) | State2 X X X X X X 1.709 1.941 1.187 0.887 0.240 0.036 X
NIO X X X X X X 1.483 1.701 1.641 0.833 0.3006 0.035 X

Statel y G X 1.907 1.965 X 1.927 1.895 1.105 0.981 0.159 | 0.062 X

(10,8) | State2 X X X 1.997 | 1.875 X 1357 | 1524 | 1992 | 0674 | 0473 | 0.109 X
NIO X X X 1.877 1.918 X 1.551 1.652 1.747 0.826 0.336 0.095 X

Statel X X X 1.981 1.884 X 1.319 1.560 1.995 0.714 | 0433 0.099 | 0.016

(109) | state2 | X | X | X | 1900 | 1966 | X | 1.932 | 1919 | 1.095 | 0969 | 0.140 | 0.062 | 0.016
NIO X | X X 1.844 1.922 X 1.524 1.640 1.812 0836 | 0319 | 0.016 | 0.087

Statel X X X 1.930 1.890 1.981 1.207 1.614 1.956 | 0.773 0378 | 0.111 0.070

(12,10) | State2 X X X 1.939 1.928 1.954 1.904 1.776 1.199 0,901 0.238 0.095 0.065
NID X X X 1.920 1.893 1.929 1.549 1.658 1.721 0.829 0.328 0.069 0.104

| Statel X: X 1.989 1.930 1903 | 1972 1.944 1.683 1.255 0.828 | 0320 | 0.106 | 0.071
(14,11) | State2 X X 1.989 1.941 1.903 1.963 1.930 1.711 1.244 0.852 0.294 0.102 0.069
NIO % G 1.882 1.923 1.988 1.930 1.550 1.640 1.756 | 0832 | 0323 0.071 0.105

Statel X | 19% 1.988 1.999 1.929 | 1.879 1.361 1.516 1.998 0.673 0.473 0.075 0.114

(16,12) | State2 X 1.999 1.989 1.913 1.949 1.967 1.923 1.599 1.100 0.980 0.147 0.059 0.077
NIO X 1.996 1.914 1.924 1.988 1.933 1.548 1.643 1724 | 0832 | 0324 | 0072 0.102

Finally, for the adenine (L,(*77*)/Sy)cs conical intersection we found similar results to
those for the cytosine (177*/Sy)cr (Table S2).Larger active spaces, have one of the electrons
in Homo (occ ~2) that goes to the Lumo in which the occupancies change to ~1 for both
molecular orbitals, with a difference situation as the active space is reduced. However, these
changes do not explain the differences observed in the topography of the different optimized
intersections. The same conclusions are drawn for the last two conical intersections studied,

as the small changes observed in the occupations are not related to the quadrant changes of
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the structures.
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P vs B results using a triple-( basis set

To complete the results of this work, all the optimizations performed with a double-( basis
set, were performed using a triple-( basis set to see how this factor affects the topography
of the conical intersections. The following figures are organized in the same manner as the

D( ones in the main text.
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Figure S6: P and B parameters of (77*/Sy)cr using multiple different active spaces and
triple-¢ basis set (see Computational Details) for a) cytosine, b) uracil and ¢) thymine. Active
space size is denoted by both marker size and the contour gradient colour provided in the
right hand side of each panel. A picture with the superimposed geometries of all optimised
conical intersections are provided as in-sets, with the coloured structures representing the
outlier intersections marked with a square.
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Figure S7: P and B parameters of (nom*/'n7*)cr using multiple different active spaces
and triple-C basis set (see Computational Details) for a) cytosine, b) uracil and c) thymine.
Active space size is denoted by both marker size and the contour gradient colour provided in
the right hand side of each panel. A picture with the superimposed geometries of all optimised
conical intersections are provided as in-sets, with the coloured structures representing the
outlier intersections marked with a square.
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Figure S8: P and B parameters of the (*no7*/Sy)cr using multiple different active spaces
and triple-C basis set (see Computational Details) for a) cytosine, b) uracil and c) thymine.
Active space size is denoted by both marker size and the contour gradient colour provided in
the right hand side of each panel. A picture with the superimposed geometries of all optimised
conical intersections are provided as in-sets, with the coloured structures representing the
outlier intersections marked with a square.
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Figure S9: P and B parameters of the a) (*nym*/Sy)cr and b) (*nym*/'wm*)cr of cytosine
with a triple-( basis set. Active space size is denoted by both marker size and the contour
gradient colour provided in the right hand side of each panel. A picture with the super-
imposed geometries of all optimised conical intersections are provided as in-sets, with the
coloured structures representing the outlier intersections marked with a square.
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Figure S10: P and B parameters of (L,(*77*)/Sy)cr for a) guanine and b) adenine using
multiple different active spaces and triple-( basis set (see Computational Details). Active
space size is denoted by both marker size and the contour gradient colour provided in the
right hand side of each panel. A picture with the superimposed geometries of all optimised
conical intersections are provided as in-sets, with the coloured structures representing the
outlier intersections marked with a square.
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Figure S11: P and B parameters of (L,(*77*)/Ly(*77*))cr using multiple different active
spaces and triple-¢ basis set (see Computational Details) for guanine (a) and adenine (b).
Active space size is denoted by both marker size and the contour gradient colour provided
in the right hand side of each panel. A picture with the superimposed geometries of all
optimised conical intersections are provided as in-sets.
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Figure S12: P and B parameters of (Ly(*n7*)/'ny7*)c; (a) for adenine and
(Lo(*77m*) /*nom*)cr (b) and (Ly(*nw*)/*ny7*)cr (c) for guanine using multiple different
active spaces and triple-( basis set (see Computational Details). Active space size is denoted
by both marker size and the contour gradient colour provided in the right hand side of each
panel. A picture with the superimposed geometries of all optimised conical intersections are
provided as in-sets, with the coloured structures representing the outlier intersection marked
with a square.
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Root Mean Squared Deviation analyses

The final section of the supplementary information features a collection of figures displaying
the root mean square deviations (RMSD) between the optimized geometries of each active
space. For all conical intersections, the reference point is the optimized structure with the
largest active space. The figures also provide information on the dihedral angle that exhibits

the most significant change among the various structures (inset), which best correlates with

the RMSD values.
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Figure S13: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N;-C4-N atoms for the different active spaces used in the optimization of the conical
intersection (‘w7*/Sy)cr of cytosine. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S14: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N;-C4-O atoms for the different active spaces used in the optimization of the conical
intersection (*w7*/Sy)cr of uracil. Yellow symbols highlight atoms in the dihedral angle in

the superimposed geometries (Inset).
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Figure S15: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
O-Cy-N;-H atoms for the different active spaces used in the optimization of the conical
intersection (1w7*/Sy)cr of thymine. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S16: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
0O-C5-C5-H atoms for the different active spaces used in the optimization of the conical
intersection (*nom*/'m7*)cr of cytosine. Yellow symbols highlight atoms in the dihedral

angle in the superimposed geometries (Inset).
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Figure S17: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-Cs-N3-H atoms for the different active spaces used in the optimization of the conical
intersection (*nom* /1mm*)cr of uracil. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S18: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N3-Cg-H atoms for the different active spaces used in the optimization of the conical
intersection (*nom*/*m7*)cr of thymine. Yellow symbols highlight atoms in the dihedral

angle in the superimposed geometries (Inset).
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Figure S19: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N;-C4-N atoms for the different active spaces used in the optimization of the conical
intersection (npm*/Sy)cr of cytosine. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S20: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N3-Cg-H atoms for the different active spaces used in the optimization of the conical
intersection (npm*/Sy)cr of uracil. Yellow symbols highlight atoms in the dihedral angle in

the superimposed geometries (Inset).

0.3

0.2

RMSD

0.1

O(D2Z)oc,csc
O(T2)oc,csc
Dz
TZ

(14,10)

(12,9)

(10,8)

(8,7)

(8,6)

(6,5)

(4,3)

100

50

o
©(degrees)

0
1<)

-100

-150

Figure S21: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
0-C5-C5-C atoms for the different active spaces used in the optimization of the conical
intersection (nom*/Sy)cr of thymine. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S22: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
0O-C5-C5-H atoms for the different active spaces used in the optimization of the conical
intersection (ny7*/Sy)cr of cytosine. Yellow symbols highlight atoms in the dihedral angle

in the superimposed geometries (Inset).
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Figure S23: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-N;-C4-N atoms for the different active spaces used in the optimization of the conical
intersection (*ny7*/177n*)cr of cytosine. Yellow symbols highlight atoms in the dihedral

angle in the superimposed geometries (Inset).
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Figure S24: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-Cs-C5-N atoms for the different active spaces used in the optimization of the conical
intersection (L,(*w7*)/So)cr of guanine. Yellow symbols highlight atoms in the dihedral
angle in the superimposed geometries (Inset).
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Figure S25: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
N;-Cg-N-H atoms for the different active spaces used in the optimization of the conical
intersection (L,(*77*)/So)cr of adenine. Yellow line highlights atoms in the dihedral angle
in the superimposed geometries (Inset).
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Figure S26: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
N;-C5-N-H atoms for the different active spaces used in the optimization of the conical
intersection (L,(*77*)/Ly(*77*))cr of guanine. Yellow line highlights atoms in the dihedral
angle in the superimposed geometries (Inset).
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Figure S27: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-C5-Cs-H atoms for the different active spaces used in the optimization of the conical inter-
section (Lq(*nm*)/Ly(*77*))cr of adenine. Yellow symbols highlight atoms in the dihedral
angle in the superimposed geometries (Inset).
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Figure S28: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
C5-Cs-N-H atoms for the different active spaces used in the optimization of the conical
intersection (Ly(*w7*)/'ny7*)cr of adenine. Yellow line highlights atoms in the dihedral

angle in the superimposed geometries (Inset).
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Figure S29: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
O-Cs-N1-H atoms for the different active spaces used in the optimization of the conical
intersection (L,(*77*)/'nom*)cr of guanine. Yellow line highlights atoms in the dihedral

angle in the superimposed geometries (Inset).
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Figure S30: Root Mean Squared Deviation (RMSD) and dihedral angle variation between
H-Cs-Ny-H atoms for the different active spaces used in the optimization of the conical
intersection (Ly(*77m*)/*nym*)cr of guanine. Yellow line highlights atoms in the dihedral

angle in the superimposed geometries (Inset).
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