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We applied the multireference coupled cluster theory (Mk-MRCCSD, Mk-MRCCSD(T) 

and the companion Mk-MRPT2 theory) as well as several different popular 

multireference methods (MRCISD, MRCISD+Q, CASPT2) to study the hydrogen 

abstraction processes in different radical-radical reactions. One-dimensional reaction 

paths were constructed by CASPT2 constrained geometry optimizations using the 

hydrogen abstraction coordinate. The energies of all multireference methods were 

computed based on the CAS(2e,2o) reference wavefunction. Several prototypes of 

hydrogen abstraction reactions were selected to investigate, as shown below: 

 
BeH + H → Be + H2                                                                                                         (1) 
NH2 + H → NH + H2                                                                                                                   (2) 
CH3 + C2H5 → CH4 + C2H4                                                                                              (3) 
H + C2H5 → H2 + C2H4                                                                                                     (4) 
H + HCO → H2 + CO                                                                                                         (5) 
 

The performances of the dynamic correlations in different multireference methods were 

compared. Full configuration interaction (Full CI) computations with small basis sets 

were carried out as the benchmark for different approaches. We also analyzed the 

difference in Mk-MRCC performance when localized or delocalized orbitals were used 

as the reference wavefunction. In order to facilitate studies of reaction kinetics, the 

reported energies for reactions (3), (4) and (5) were computed with correlation-consistent 

basis sets (cc-pVXZ, X = T, Q, 5) and extrapolated to the complete basis set (CBS) limit. 


