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I. Kinetic energy operators of the CZ3 moiety. 

The vibrational kinetic energy operator 
3

ˆ vib
CDK  in the 8D model reads 
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where the volume element x sµ µ ρ  is incorporated and each term is written in either Hermitian 
or anti-Hermitian form. The reduced masses are 𝜇𝜇𝑥𝑥 = 3𝑚𝑚𝑍𝑍 and 𝜇𝜇𝑠𝑠 = 3𝑚𝑚𝑍𝑍𝑚𝑚𝐶𝐶/(3𝑚𝑚𝑍𝑍+𝑚𝑚𝐶𝐶). In the 
7D model, the CD bond length ( ρ ) is fixed at 0ρ  so that 
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CDK  is reduced to 
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The rotational kinetic energy operator 
3

ˆ rot
CDK  reads 
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where ˆ
zj  is the projection of the CD3 rotational angular momentum 2ĵ  along the s vector, and 

the principal moments of inertia 𝐼𝐼𝐴𝐴 and 𝐼𝐼𝐶𝐶 are defined as 
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II. Basis representation 

The basis functions in Eqn. (2) of the main text are given explicitly here. ( )
Rnf R  is the sine 

discrete variable representation (DVR)2 for the R coordinate,   
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where R1 and R2 are the grid boundaries. 
r

r
nφ , nρ

ρφ ,  and nχ
χφ  are the potential optimized DVRs 

(PODVRs)3 basis functions for the r, ρ , and χ  coordinates, respectively. These basis functions 

are the eigenstates of the following one-dimensional (1D) reference Hamiltonians,  
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where ( )ref
rV r , ( )refVρ ρ  and ( )refVχ χ  are the corresponding one-dimensional reference potentials, 

obtained as the cuts of the PES in the asymptotic region with other coordinates fixed at the 

equilibrium values. 0ρ  and 0χ  are the equilibrium values of the CD3 fragment in the CHD3 

reactant. An L-shaped representation4 is used to divide the configuration space into asymptotic 

and interaction regions along the R and r DOFs. In the interaction region, 𝑁𝑁𝑅𝑅𝑖𝑖𝑖𝑖𝑖𝑖 and 𝑁𝑁𝑟𝑟𝑖𝑖𝑖𝑖𝑖𝑖 grid points 

are used in R and r DOFs, respectively, and in the asymptotic region,  𝑁𝑁𝑅𝑅
𝑎𝑎𝑠𝑠𝑎𝑎 and 𝑁𝑁𝑟𝑟

𝑎𝑎𝑠𝑠𝑎𝑎 grid points 

are employed. 

The rotational basis functions that adapt the space inversion and permutation symmetry 

adapted are constructed by applying the projection operator iiPΓ  onto the parity-adapted rotational 

basis function 
1 2

totJ MK
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ε , i.e. 
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Jj j k ii Jj j ky Pε εΓ Γ , where Γ  labels the irreducible representations 

according to the isomorphic C3v symmetry group. The parity-adapted rotational basis function 
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Here M  and K  are the projection of the total angular momentum along the z-axis of the SF and 

BF frames, respectively (See Figure 1 of the main text for the definitions of the SF and BF frames.). 

K K=  is the absolute value of K. The eigenvalue of the parity operator ε̂  is denoted by ε . 

Rotational basis functions with even ( =+1ε ) and odd ( =-1ε ) parities transform according to 

different irreducible representations of the space inversion symmetry group. The overall rotation 

of the system is described by  
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where , ( , , )totJ
M KD α β γ  is the Wigner rotation matrix. The internal rotational basis function 
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where the spherical harmonics 
1

0 (0,0)jy  is associated with the orbital angular momentum 1j  of Y 

in the CHD3-fixed frame. 2 *
2 ,(2 1) 4 (0, , )j

m k s sj Dπ θ ϕ+  is associated with the rotation of CD3 in 

the CHD3-fixed frame. m  and k  are the projections of the angular momentum 2j  along the r and 

s vectors, respectively. The coupled angular momentum J  in the CHD3-fixed frame is obtained 

by coupling 1j  and 2j  using the Clebsch-Gordan (CG) coefficients 2 10j mj Jm .5 *
, (0, , )J

K mD θ ϕ  

results from the rotation of the CHD3-fixed frame to the BF frame.  
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Table S1. Parameters used in the calculations (Atomic units are used if not otherwise indicated)  

 Thermal flux eigenstates  Real-time propagation  
Total time/time step  6000/10 

Dividing surface TFr =3.0 R∞ =11.0 

R  
R ∈ (3.0,16.0), 
int
RN =30, asy

RN =80 
R ∈ (3.0,16.0), 
int
RN =30, asy

RN =80 

r  
1r ∈ (1.5,5.0) 

int
rN =30, asy

rN =6 
1r ∈  (1.5,5.0) 

int
rN =30, asy

rN =6 

ρ  
ρ ∈ (1.5,3.0) 

Nρ =3 
ρ ∈ (1.5,3.0) 

Nρ =3 

χ  
χ ∈ (0.7,2.5) in rad. 

Nχ =6 
χ ∈ (0.7,2.5) in rad. 

Nχ =12 
J  J ∈(0,50) J ∈(0,50) 

1j  1j ∈(0,42) 1j ∈(0,42) 

2j  2j ∈(0,24) 2j ∈(0,24) 

zj  zj ∈(0,6) zj ∈(0,6) 
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