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Table S1. Relative energies (eV) of the optimized structures of 4-thiothymine at
different level of theory.

Minima State TD-B3LYP/6- MS- Exp.?
structure 31G* CASPT2//CAS(1
2,9)/
ANO-L?
4T S, So 0.00 0.0
S (ngmg*) 2.90 2.87
Sy(Tsems™) 4.61 4.17 3.70
S(mgms*) 4.90 (335 nm)
MHT 'ngmg* S, (ngmg*) 2.62 2.51
MHT msemg™* Sa(Tsems™) 4.17 3.44 3.10
MT 3usemg™* T (msems™) 2.17 2.34 2.29
HT 3ngmg* T (ngng*) 2.29

2 Ref. 10 in the main text.

Table S2. Relative energies (eV) of the optimized structures of 2,4-dithiothymine at
different level of theory.

Minima State TD- B3LYP/6- | MS-CASPT2/ Exp.
31G* CAS(16,12)/
6-31G*2
24dtT_S, Sy 0.00 0.00
S (ngmg*) 2.87 2.90
Sy(nsm7*) 3.55 3.69
S3(mymg®) 3.59 3.71 3.39
(365 nm)
24dtT_'ngmg* S (ngmg*) 2.60 2.56
24dtT_'mymg* Sy(mymg®) 291 3.35
24dtT mgmg* T (mgms™®) 2.14 2.33 2.29
24dtT >ngmg* T(ngmg*) 2.26

a ref.15 in the main text.
b ref.s 3 and 6 in the main text.

Table S3. Absolute values of the calculated singlet-triplet splitting at the optimized
excited singlet state minima in vacuum at different level of theory.

4-thiothymine
Minimum MS-CASPT2 TD- MS(6)-CASPT2(12,9)//
/ICASSCF(12,9)ANO-L®  B3LYP/6-31G* TD-B3LYP/6-31G*
4T _ngrg* S -T;: 0.04 0.26 0.05
S -Ta: 0.14 0.30 0.21
HT_mgemg* S,-Ts: 0.31 0.66
S,-To: 0.73 157 0.57
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2,4-dithiothymine
Minimum D/ MS-CASPT2// TD-B3LYP/  MS(6)-CASPT2(16,12)//
CAS(16,12)/6-31G* CAS(16,12)/6-31G*  B3LYP/6-31G* B3LYP/6-31G*
24d(T_'ngmg* ST 027 0.02 0.27 0.01
STy 029 0.01 0.30 0.16
24d(T_'mymg* S,-Ty: 0.13 0.11 0.09 0.08
S,-Ty: 027 0.48 0.17 0.25

a ref. 10 in the main text.
b the structures are taken from ref. 15 in the main text.
¢ ref. 15 in the main text.

Table S4. Absolute values of the calculated S,-T; splitting (eV) at the twenty S,/T;
crossing points of 4-thiothymine in water at different level of theory.

Points TD-B3LYP/6-31G* MS(6)-CASPT2(12,9)//TD-
B3LYP6-31G*
Point 1 0.12 0.28
Point 2 0.15 0.13
Point 3 0.15 0.11
Point 4 0.1 0.07
Point 5 0.01 0.18
Point 6 0.25 0.01
Point 7 0.42 0.08
Point 8 0.29 0.14
Point 9 0.12 0.14
Point 10 0.18 0.13
Point 11 0.47 0.57
Point 12 0.13 0.19
Point 13 0.11 0.08
Point 14 0.04 0.08
Point 15 02 0.26
Point 16 0.1 0.05
Point 17 0.21 0.04
Point 18 0.16 0.32
Point 19 02 0.16
Point 20 0.16 0.13
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Figure S1. Some key geometrical parameters (bond-length unit in angstrom, A) of the
optimized structures in different electronic states, along with the atom numbering
scheme in the Sy minimum of 4-thiothymine (4tT_S,). The excited state minima of 4-
thiothymine in the S;, S,, T, and T, surfaces, of ngmg*, msemg™, Msemg™, and ngmg™
character, are referred as 4tT 'ngmg*, HMT 'msems*, 4tT 3msemg™, and 4tT 3ngmg*,
respectively, in this figure. For 2,4-dithiothymine, the minimum in the S, state and the
excited Sy, S,, Ty, and T, surfaces, of ngmg*, wmg*, mgms™, and ngmg* character, are
referred as 24dtT So, 24dtT 'ngmg*, 24dtT 'momg*, 24dtT 3mmg*, and 24dtT 3ngmg*,
respectively, in this figure. See Section S1 of ESI for Cartesian coordinates of these
structures.

The italic ones for 4-thiothymine are from optimizations at the

CAS(12,9)/6-31G* level, and the italic ones for 2,4-dithiothymine are taken from ref.
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15 in the main text.

Tt Tse ng mg*
Figure S2. The molecular orbitals at the Franck-Condon geometry of 4-thiothymine
optimized at the B3LYP/6-31G* level.

Figure S3. The molecular orbitals at the Franck-Condon geometry of 2,4-
dithiothymine optimized at the B3LYP/6-31G* level.

|4-thiothymine in vacuum | |4-thiothymim¢ in water
S; S;
4 1
I -, (e SR
a s ] 5< s
S, 12T, Ss12 T, 7
g s J j1s
0 T, Sy Ty

Figure S4. Net population transfer (numbers of trajectories) among the electronic
states of 4-thiothymine.
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Figure SS. Time-evolution of the C2-O7 (r,7) bond-length and its ensemble-averaged
value (the white line), as well as the S§—N1-N3—C5 pyramidalization angle (pg;3s) for
4-thiothymine. Bond-length unit in angstrom, A, and pyramidalization angle unit in

degrees, °. Different trajectories are coded by color.
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Figure S6. Distribution of pg43s vs. pgi3s of the S, — S; crossing points for 4-thiothymine.
Bond-length unit in angstrom, A, and pyramidalization angle unit in degrees, °.
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Figure S7. Distribution of pgs3s vs. pgizs of the singlet — triplet crossing points for 4-
thiothymine. Bond-length unit in angstrom, A, and pyramidalization angle unit in
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degrees, °.

2.4-dithiothymine in vacuum]

|2.-l-dillli0lhymine in water
3. 3.4
52 N IR
7 sz_;-T;Tj 6 S, \“"ﬂ—;TJ
41‘0 . _/.9«\(3_\_ . 15 27J : /g" . ‘19
— S 16 T, S 10 T,
| I 26 o [17
sI] Tl

S{I TI
Figure S8. Net population transfer (numbers of trajectories) among the electronic
states of 2,4-dithiothymine.
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Figure S10. Distribution of both hopping time and key geometrical parameters at the S; —
S, and S, — S, hopping points for 2,4-dithiothymine. Bond-length unit in angstrom, A,
and pyramidalization angle unit in degrees, °.
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Figure S11. Distribution of bond-length and pyramidalization angles at the singlet-to-triplet
crossing points (including S; — T, 3 and S; — T3 in vacuum, and S; — T3 and S,
— T,3 in water) for 2,4-dithiothymine. Bond-length unit in angstrom, A, and
pyramidalization angle unit in degrees, °.

S1. Cartesian coordinates of the structures optimized at the (TD-)B3LYP/6-31G*
level.

4T S,
N 0.131680000 0.002151000 -3.145002000
C 0.066855000 -1.315037000 -2.707856000
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-0.669058000
-0.872563000
0.602200000
1.845722000
-2.503811000
-2.145028000
-3.063727000
-3.210573000

-0.030711000
-1.318999000
-1.444274000
-0.368861000
0.928701000
1.092766000
-2.642191000
-0.796190000
0.079503000
-2.398026000
2.052969000
2.121539000
2.155457000
2.096265000
3.054280000

S13

0.094551000

0.188157000
-0.128474000
-0.202902000
0.221817000

0.022968000
-0.087735000
0.003583000
-1.027133000
0.727927000

-3.130938000
-2.694813000
-1.328229000
-0.420196000
-0.921222000
-2.296109000
-3.716575000
1.284768000
-4.134210000
-0.997034000
-2.787762000
0.000127000
0.610886000
0.685886000
-0.567649000



