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TWP5: Modelling Chemical Reactivity and Dynamics  

- Explore PESs using DFT and / or correlated ab initio methods; 

→  Gain insights into reactivity via energetics / geometry of  stationary points 

- Construct analytical PES functions; 

→  2 types of  potentials envisioned: Bowman-type potentials and EVB potentials 

- Run dynamics based on classical or semi-classical mechanics 

→  Gain theoretical insights into important dynamical features, help interpret exp. results 
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submerged TS 

experiments to be conducted in Oxford 

(SRM group) as part of  SWP2: 

- VMI to measure product quantum state 

distribution 

- IR-MPD to characterize intermediates 

→  prototype of  “Two-State Reactivity”  

(spin crossing influences kinetics) 

→  simple model for oxidation by iron-oxo 

Harvey & Tew Int. J. Mass. Spec, 2013, 354-355, 263 
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Construction of  the PES 

1) Permutationally invariant polynomial expansion (based on Bowman and Braams’ work)  

Braams & Bowman Int. Rev. Phys. Chem., 2009, 28, 577 

→ fitting = requires lots of  ab initio energies (convergence difficult) 

 

→  risk of  overfitting 

 

→ new method to construct global PESs:  

  ‘0th order’ Bowman type PES (order 4 => rms ≈ 6 kcal/mol) + robust corrective surface 
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−𝑟𝑛
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symmetry operator 

where  

correct asymptotic behaviour 



Construction of  the PES 

2) Flexible correction surface as developed by D. Tew in Bristol  

Mizukami et al. J. Chem. Phys., 2014, 141, 144310 

1D Gaussians 

𝑉𝑐 =  𝐷𝑖 𝑓
1𝐷 𝑟𝑛 +  𝐷𝑗 𝑓

2𝐷 𝑟𝑛 +  𝐷𝑘 𝑓
3𝐷 𝑟𝑛 +⋯ 

2D Gaussians 3D Gaussians 

→  local functions, should not introduce divergences or interfere with asymptotic behaviour 



CCSD(T) 

DFT 

Construction of  the PES 

3) Long-range interaction 

𝑉𝑓𝑖𝑡 = 𝑉0 + 𝑉𝑐 

𝑉𝑓𝑖𝑡 = 𝑆 𝑉0 + 𝑉𝑐 + 1 − 𝑆 𝑉𝐻2 + 𝑉𝐹𝑒𝑂 + 𝑉𝑙𝑟  entrance channel 

𝑉𝑓𝑖𝑡 = 𝑆 𝑉0 + 𝑉𝑐 + 1 − 𝑆 𝑉𝐻2𝑂 + 𝑉𝑙𝑟  exit channel 

switching region 

𝐕𝐇𝟐𝐎 + 𝐕𝐥𝐫 

long-range short-range 



Conclusion 

 2 surfaces (quartet & sextet) ready soon  

 

 next step: run dynamics  

 VENUS to generate initial conditions 

 own program to run dynamics 

 

 include surface hopping 

 





B. Hornung 

→ reaction between Cl and alkenes 

relevant in atmospheric chem. 

→ competition between direct and 

indirect mechanisms 

 

experiments conducted in Bristol 

(AJOE group) as part of  SWP1: 

- VMI to measure quantum state 

and velocity of  HCl 

- signs of  both mechanisms in the 

gas-phase, mostly direct reaction 

in solution 

Preston et al. JPCA, 2014, 118, 5595 



→  resonant structures described using MM force fields  

  (diabatic potentials for reactants, products, intermediates) 

 

→  coupling between diabatic potentials 

Vreac. 

Vprod. 

coup. 

coup. 

reactants products 

→  less accurate but advantages of  MM (transferability, inclusion of  solvent…) 

HEVB =  

Construction of  the PES – Empirical Valence Bond 



Construction of  the PES – Empirical Valence Bond 

direct abstraction 

. 

. 

’small’ EVB 



Dynamics (VENUS) 

rotational distribution of  HCl 

at Ecoll = 6.43 kcal.mol-1 

vibrational distribution of  HCl 

at Ecoll = 6.43 kcal.mol-1 

 good agreement with experiment 

 similar results on the various EVB surfaces 



Dynamics (VENUS) 

reaction probability as a function  

of  ‘roaming time’ at Ecoll = 6.43 kcal.mol-1 

→  direct abstraction dominant 

→  π region increases reaction time 

 - randomised motion Cl (roaming) 

 - addition-elimination 

roaming addition-elimination 



Conclusion 

 good agreement with experiment 

 

 mechanism: direct abstraction, addition elimination, roaming  

 

 extend to liquid phase  

 influence of  the environment 

 reaction pathways 

 energy redistribution 

 

 extend to related systems 

 


