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Additional Computational Details

The concept of odd electron density

The odd electron density (OED)!?] is a function of measuring the distribution of odd electrons based on
the density matrix. When calculation cannot obtain the spin density of the excited state to investigate the
distribution of odd electrons, the OED method can be used to reflect the distribution of odd electrons to some
extent. The OED calculation is based on the spin-free natural orbits, and Head-Gordon defined the odd electron
density that associated with the kth (k = 1, ..., M) ¢x(r) of occupation number nx in 2003[3], and the main

formula was as follows:

DRA(r) = min(2 — ny, i) b (N (1)

D*%4 is the odd electron density and 7 is the occupation number. As can be seen from the formula, the OED
of the system is the sum of the effective odd electron contributions of the natural orbitals. The OED reflects
the overall electron density change that cannot distinguish the direction of spin. But it is more general, as long

as you get the probability density of the wave function, you can get the OED.

[I'T. Lu and F. W. Chen. Multiwfn: A Multifunctional Wavefunction Analyzer. J. Comput. Chem., 2012, 33, 580-592.

[2I'N. Masayoshi, F. Hitoshi, M. Takuya, et al. (Hyper) Polarizability Density Analysis for Open-shell Molecular Systems Based on Natural Orbitals
and Occupation Numbers. Theor. Chem. Acc., 2011, 130, 711-724.

131 H. Martin. Characterizing Unpaired Electrons from the One-particle Density Matrix. Chem. Phys. Lett., 2003, 372, 508-511.



Table S1. Relative energy (in kcal/mol) of important structures are calculated at PBEO/def2-SVP, CASSCF/def2-SVP,
CASSCF/def2-TZVP, CASPT2/def2-TZVP levels.

Electronic PBE0/ CASSCEF/ CASSCEF/ MS-CASPT2/
state def2-SVP def2-SVP def2-TZVP def2-TZVP
So — 0.0 0.0 0.0
AA
Sy — 37.4 39.2 45.8
So — 2.0 2.4 3.7
AS
Sy — 37.8 39.7 46.3
So — 34 4.0 3.0
SA
Sy — 40.2 41.8 46.7
So — 2.1 2.4 2.3
SS
S — 40.5 41.7 46.9
anti-Dioxirane So — -24.0 -23.2 -20.4
syn-Dioxirane So — -21.5 -22.7 -17.1
1, 2-Dioxole So — -25.4 -25.5 -27.8
TS AA/anti-Dioxirane So 22.2 21.5 27.7 18.6
TS As/syn-Dioxirane So 20.5 20.0 23.7 17.2
T SsA/anti-Dioxirane So 22.2 20.4 23.7 18.6
TSss/syn-Dioxirane So 20.5 25.0 27.7 17.2
TSss/Dioxole So 10.8 22.2 229 15.3
Conlntco-a Si/So — — 29.2 32.6
Conlntco.s S1/So — — 30.1 32.2
Conlntcc S1/So — — 38.9 40.1

Table S2. Excitation energy (in kcal mol™) is calculated at CASSCF/def2-TZVP, CASPT2/def2-TZVP levels. And the
energy windows in the dynamic simulation used to generate the dynamic trajectory for S; and S, states.

: Energy .

CASSCF/ MS-CASPT2/  Energy windows . Absorption

def2-TZVP def2-TZVP (kcal mol™) WI(I:i(/);VS intensity

Si 45.0 48.5 23.1~62.3 1.0~2.7 0.018
AA Sz 91.4 71.9 62.3~124.5 2.7~54 10.161
Si 44.8 48.9 20.8~57.7 0.9~2.5 0.018
AS Sz 92.7 75.6 57.7~129.1 2.5~5.6 7.737
Si 48.3 50.5 20.8~60.0 0.9~2.6 0.019
SA Sz 93.2 77.5 60.0~122.2 2.6~5.3 9.234
Ss Si 47.3 49.4 23.1~60.0 1.0~2.6 0.017

N 97.0 83.1 60.0~126.8 2.6~5.5 6.053




Table S3. The RESP charges (e) of C and O atoms of VCI, MVK-OO and MACR-OO on the Sy and S, (red) state at

CASSCF/def2-TZVP levels.

RESP/e
01 02 C3 C4 C5 C6
AA  -028(-0.07) -0.04(0.00) 031(-0.13) -0.22(-0.10) -0.47(-0.52)
) AS  -030(-0.06) 0.03(0.00)  0.34(-0.15) -0.40(-0.14) -0.25(-0.39)
b SA  -027(-0.04) -0.07(-0.07) 027(-0.11) -0.07(-0.04) -0.57(-0.58)
Vel SS -0.23(0.00) -0.09(-0.09) 0.37(-0.02) -0.31(-0.15) -0.25(-0.39)
. AA  -0.26(-0.04) -0.15(-0.19) 0.66(0.24) -0.41(-0.24) -0.52(-0.15) -0.27(-0.37)
¥ ¢ AS  -033(-0.06) -0.02(-0.08) 0.62(0.22) -0.48(-0.26) -0.48(-0.21) -0.29(-0.51)
W SA  -0.29(-0.08) -0.08(-0.10) 0.51(0.21) -0.23(-0.27) -0.47(-0.25) -0.38(-0.32)
MVK-00 g5 029(-0.02) -0.10(-0.13) 0.62(0.30) -0.37(-0.25) -0.44(-031) -0.33(-0.50)
AA  -028(-0.03) -0.02(0.05) 0.14(-0.28) 0.15(0.17) -0.61(-0.59) -0.17(-0.17)
‘ AS  -027(-0.05) -0.01(-0.02) 0.16(-0.28) 0.09(0.30) -0.53(-0.61) -0.29(-0.40)
: SA  -0.26(-0.05) -0.04(-0.07) 0.12(-0.22) 0.32(0.31) -0.75(-0.69) -0.16(-0.11)
MACR-00  SS  -0.24(-0.05) -0.06(-0.07) 0.15(-021) 0.17(0.31) -0.41(-0.47) -0.39(-0.44)
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Figure S1. The active orbitals used in the CASSCF(12¢,90)/def2-TZVP and CASPT2(12¢,90)/def2-TZVP calculations
of MACR-0O. The CASSCF(12¢,90) active orbitals include: the 2s orbital of the middle oxygen atom (MO
18), a lone-pair orbital of terminal oxygen (MO 22), the o/c* orbitals of O-O bond (MO 20 and MO 25), and
the all n/n* orbitals are selected (MO 19, MO 21, MO 23, MO 24 and MO 26), which includes the key
structures related to O-O dissociation and isomerization.
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Figure S2. The geometric structure (bond lengths in Angstrom) and relative energy (in kcal mol™) of key configurations
obtained by PBE0/def2-SVP (black), SA3-CASSCF/def2-SVP (red), SA3-CASSCF/def2-TZVP (blue) and
MS3-CASPT2 (green) levels.
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(I'T. Lu and F. W. Chen. Multiwfn: A Multifunctional Wavefunction Analyzer. J. Comput. Chem., 2012, 33, 580-592.
[21'S. Emamian, T. Lu, H. Kruse and H. Emamian. Exploring Nature and Predicting Strength of Hydrogen Bonds: A Correlation Analysis Between

Atoms-in-Molecules Descriptors, Binding Energies, and Energy Components of Symmetry-Adapted Perturbation Theory. J. Comput. Chem.,
2019, 40, 2868-2881.
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to heterocyclopentane dioxole was obtained by the restricted optimization of the O1-C5 bond length.



. (b) S,

140.0
120.0
N 100.0

80.00
60.00
4000

(jow/jeax)30
(jowy|eo®) 3V

(©) Sq (d) S,

120

100

o]
o

|@| (Degree)
[+2]
o

|o| (Degree)

40

20 S,-SS-

MACR-00
0 4 41.7
14 16 18 2 22 24 26 28 16 1.8 20 22 24 26 28

R(C5-01) (A) R(C5-01) (A)

Figure S7. The PESs of Sy (a) and S; (b) states and the 2-D contour plots of So (c) and S; (d) are calculated by the SA3-
CASSCF (12e,90)/def2-TZVP. The red route represents the process from S;-min through Conlnt to the So-
heterocyclopentane dioxole, and the black route represents the isomerization route in the ground state.



(a) Sg (b) S4

140} i ™ ~_ 20.00
120+ ™ —

42.00

go|{ MACR-00
46.9

1001 §,-SS- | \\;

18.00

-6.000

(lowfeay) 3V

(loweoy) AV

-30.00

(c) Sp (d) S,
Dioxide
-27.8
120 120 -
100 100
o, 153 —~ 801
2 2
g 60 g 601
3 4 S
204 $,-SS- 20 S,-8S-
MACR-00 MACR-00
0 — ' 2.3 0 46.9
14 16 18 20 22 24 26 28 16 18 20 22 24 26 28
R(C5-01) (A) R(C5-01) (A)

Figure S8. The PESs of Sy (a) and S; (b) states and the 2-D contour plots of So (¢) and S; (d) are calculated by the MS-
CASPT2(12e,90)/def2-TZVP//SA3-CASSCF (12¢,90)/def2-TZVP. The red route represents the process

from S;-min through Conlnt to the So-heterocyclopentane dioxole, and the black route represents the
isomerization route in the ground state.



(@)AA (b)AS

i ' %10 = 250.1fs 'S0 —— 1 %10 = 208.7fs 'S0 ——
S12,= 1.0 ]2 e S12,= 10 _ S2=——
08 ) %2 . 08 b $2 =
$3+%4
5 L 1 5 L . 4
2 0.6 E 0.6
8 oaf r 1 8 oaf E
a a 4
02} . 02 / T
0 1 1 i 1 1 1 0 1 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (fs) Time (fs)
(c) SA (d) SS
‘ ' 10= 4008fs 'S0 —— ! " T B10= 33b1f 150 —
S12= 1.0 512 —— . S12, = 1.0 S12 ——
0.8 - $2 . 0.8 - $2 .
$3+$4 $3+$4
S o6f 4 & o6f ‘
9 - 4
3 " 2
§ 04 r 1 8 04
02f e . 02 7 8
0 A L - 1 ) 1 1 1 O & ud 1 1 1 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Time (fs) Time (fs)

Figure S9. The state population and lifetime of S;-state trajectories obtained by a kinetic model in SHARC2.1 program.
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Figure S10. (a)-(d) Geometry distribution of the first hopping points in trajectories starting from the S; state of the AA,
AS, SA and SS respectively. In this figure, the black balls show the hop of S;—So. The projection of the
hopping points of S;—S on the w-¢ and Time-w is light gray. The hopping points of SS are obviously divided
into two parts. One part is concentrated at the O-O bond length of 1.5A and the ¢ dihedral angle of 90°,
which is close to the Si/Sp Conlnt. The other part is concentrated on the initial structure of AA, AS, SA and
SS, which hop in the FC region. The purple box is the proportion of hopping points in the FC region, and the
ratio of points that hop in FC region of SS configuration is 20%, which has the highest proportion of the four

configurations.
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Figure S11. (a)-(d) The evolution of C1-O3 and 02-03 distance, ¢ dihedral, « angle of trajectories for AA, AS, SA and
SS configurations start from the S state, respectively. The trajectories of dissociation (red) show that the O2-
O1 bond length is longer than 3 A. The ring-closure in dioxirane (green) shows that the C3-O1 bond length
is shorter than 1.4 A and o is less than 60°. The anti/syn (CO) isomerization (blue) shows the ¢ change to
180° or 0°. The trajectories of hopping in FC region show in purple and the rest trajectories are in black. The

graph also shows the yield of isomerization.
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Figure S12. Geometrical evolution of trajectories in four configurations (a) AA, (b) AS, (¢) SA and (d) SS, starting from

the S state. Trajectories in red represent O-O dissociation isomerization.
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Figure S13. The state population and lifetime of S,-state trajectories obtained by a kinetic model in SHARC?2.1 program.
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Figure S14. (a), (b), (c) and (d) are the evolutions of ¢ dihedral of trajectories for AA, AS, SA and SS configurations in
S, state, respectively. And the trajectories of dissociation are in red.
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SA3-CASSCF/def2-TZVP calculated geometries
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