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1. Quantum dynamics calculation details 

We repeat the title reactions here: 

H−  HD → H2  D
− (R1), 

H−  HD → HD  H− (R2), 

D−  HD → HD  D− (R3), 

D−  HD → D2  H
− (R4).  

    In the Supplementary Material, we will provide some calculation results which 

maybe helpful to understand the dynamics of the title reactions and the main text of 

the present work. In the text, 𝐸𝑐 represents the collision energy, and 𝜃 represents 

the scattering angle. 

It has been stated in the main text that the maximum value of the helicity 

quantum number (    ) is set to 20. To prove that 20 is large enough, we here exhibit 

a set of dynamics results (including integral cross sections (ICSs) and differential 

cross sections (DCSs)) for         and         in Figures S1 – S8. In our 

calculations, the helicity quantum number   for each total angular momentum (𝐽) is 

restrained by the equation  ≤ 𝑚𝑖𝑛⁡(𝐽,     ). It can be found that the results for 

        and         are fairly close to each other, indicating that the results 

demonstrated in the text are accurate enough. Figs. S1 and S2 show the total ICSs for 

the title reactions based on the AY
1
 and PS

2
 PESs, respectively. Figs. S3 – S8 exhibit 

several typical total and final state-resolved DCSs based on the two PESs.  

  



 6 / 24 
 

Figure S1. Total integral cross sections for the R1, R2, R3 and R4 reactions based on 

the AY PES. The solid and dashed lines indicate the results for 𝑲𝒎𝒂𝒙  𝟏𝟐 and 20, 

respectively. 
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Figure S2. The same as Figure S1, but on the PS PES. 
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Figure S3. Total differential cross sections for the R1 and R2 reactions at the collision 

energies of 0.6 and 1.2 eV based on the AY PES. The solid and dashed lines indicate 

the results for 𝑲𝒎𝒂𝒙  𝟏𝟐 and 20, respectively. 
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Figure S4. The same as Figure S3, but on the PS PES. 
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Figure S5. Product vibrational state-resolved (𝒗′  𝟎) differential cross sections for 

the R1 and R2 reactions at the collision energies of 0.6 and 1.2 eV based on the AY 

PES. The solid and dashed lines indicate the results for 𝑲𝒎𝒂𝒙  𝟏𝟐  and 20, 

respectively. 
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Figure S6. The same as Figure S5, but on the PS PES. 
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Figure S7. Product rovibrational state-resolved (𝒗′  𝟎, 𝒋′  𝟐) differential cross 

sections for the R1 and R2 reactions at the collision energies of 0.6 and 1.2 eV based 

on the AY PES. The solid and dashed lines indicate the results for 𝑲𝒎𝒂𝒙  𝟏𝟐 and 

20, respectively. 
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Figure S8. The same as Figure S7, but on the PS PES. 
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2. Total and final state-resolved differential cross sections for the 𝐃−  𝐇𝐃 

reaction 

The DCSs for the R3 and R4 reactions are similar to the DCSs for R1 and R2, 

respectively. Fig. S9 shows the total DCSs for the R3 and R4 reactions at several 

collision energies based on the AY
1
 and PS

2
 PESs. Figs. S10 and S11 exhibit the 

product vibrational state-resolved ( ′    and 1) DCSs for the R3 and R4 reactions 

at the collision energies of 0.6 and 1.2 eV based on the AY and PS PESs. Figs. S12 

and S13 exhibit the product rovibrational state-resolved DCSs for the R3 and R4 

reactions at the collision energies of 0.6 and 1.2 eV based on the AY and PS PESs.  
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Figure S9. Total differential cross sections for the R3 and R4 reactions at the collision 

energies of 0.4, 0.6, 0.8, 1.0 and 1.2 eV based on the AY and PS PESs. The square, 

circle, up triangle, down triangle and diamond symbols are the results at the collision 

energies 1.2, 1.0, 0.8, 0.6 and 0.4 eV, respectively. 
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Figure S10. Product vibrational state-resolved ( ′   ) differential cross sections for 

the R3 and R4 reactions at the collision energies of 0.6 and 1.2 eV based on the AY 

and PS PESs. Panels a and b are the results at 0.6 eV, and panels c and d are the 

results at 1.2 eV. Left panels: results for R3. Right panels: results for R4. The solid 

and dashed lines are the results based on the AY and PS PESs, respectively. 
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Figure S11. Product vibrational state-resolved ( ′   ) differential cross sections for 

the R3 and R4 reactions at the collision energy 1.2 eV based on the AY and PS PESs. 

Panel a: results for R3. Panel b: results for R4. The solid and dashed lines are the 

results based on the AY and PS PESs, respectively. 

 

  



 18 / 24 
 

Figure S12. Product rovibrational state-resolved differential cross sections for the R3 

reaction at the collision energies of 0.6 and 1.2 eV based on the AY and PS PESs. At 

0.6 eV, only the  ′    results are depicted in the figure. At 1.2 eV, the  ′    and 

 ′    results are both included. Upper panels: differential cross sections based on 

the AY PES. Lower panels: differential cross sections based on the PS PES. 

 

  



 19 / 24 
 

Figure S13. The same as figure S12 but for the R4 reaction. 
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3. Typical differential cross sections and product rotational state distributions for 

the 𝐇−  𝐇𝐃 reactionAY 

Fig. S14 shows the DCSs calculated by the quasi-classical trajectory method
3-6

 

and the time-dependent wave-packet method
7-13

 for the R1 and R2 reactions at 0.6 and 

1.2 eV based on the AY PES. The two sets of differential cross sections are quite 

similar to each other. Fig. S15 exhibit the product vibrational state-resolved ( ′   ) 

DCSs for the R1 and R2 reactions at the collision energy 1.2 eV based on the AY PES. 

Fig. S16 shows the product rotational state distribution of the  ′    product for the 

R1 and R2 reactions in the scattering angle range 0 – 10º. The dynamics results shown 

in Figs. S15 and S16 are calculated by the QCT method.
3-6

 The fitting procedure of 

the DCSs and the calculation method of collision time are introduced elsewhere (see 

Ref. 6 and the references therein). Panels a1 and a2 of Fig. S15 indicate that the 

convergence of backward scattering is earlier than that of forward scattering. 

Moreover, panels b1 and b2 of Fog. S15 indicate that the forward scattering for R1 

appears later than that of R2, which could be considered as a time-delayed 

phenomenon. Fig. S16 shows that the forward scattered product of R1 has a relatively 

colder final rotational state distribution than that of R2, which could also be a possible 

evidence to distinguish the time-delayed mechanism and the stripping mechanism. 
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FigureS14. Differential cross sections for the R1 and R2 reactions at the collision 

energies of 0.6 and 1.2 eV based on the AY PES. The solid and dashed lines are the 

results calculated by the quasi-classical trajectory method and the time-dependent 

wave-packet method, respectively. Panels a and b are the results at 0.6 eV, and panels 

c and d are the results at 1.2 eV. Left panels: results for R1. Right panels: results for 

R2. 
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Figure S15. Product vibrational state-resolved (𝒗′  𝟎) differential cross sections for 

the R1 and R2 reactions at the collision energy 1.2 eV based on the AY PES. These 

results are calculated by the quasi-classical trajectory method. Left panels: differential 

cross sections at the collision time range of 23 – 100 fs for the R1 reaction. Right 

panels: the same as left panels but for the R2 reaction. Panels a1 and a2: results 

include the whole scattering angle range 0 – 180º. Panels b1 and b2: results that in the 

scattering angle range 0 – 20º. 
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Figure S16. Product rotational state distribution of the 𝒗′  𝟎 product for the R1 

and R2 reactions in the scattering angle range 0 – 10º. The square and circle symbols 

are the results for R1 and R2, respectively. 
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