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With the aim of investigating the interaction of C with dislocations in Fe by large 
scale  molecular  dynamics,  we  evaluate  the  transferability  of  different  semi-
empirical potentials. As a test case the carbon solubility in bcc Fe as a function of 
lattice strain is studied by ab-initio calculations based on density-functional theory 
(DFT) and by four different semi-empirical potentials: the embedded-atom method 
(EAM) potentials of Lau et al.[1], Ruda et al.[2] and Hepburn et al.[3] ,and the modified 
embedded-atom  method  (MEAM)  potential  of  Lee[4].  DFT  calculations  are 
performed using the Vienna Ab Initio Simulation Package (VASP) and the semi-
empirical static calculations using the ITAP Molecular Dynamics code (IMD). We 
found that in the presence of local volume expansion up to 5 % the solubility of 
carbon  in  bcc  iron  increases,  except  for  the  EAM  potential  of  Hepburn. 
Furthermore, the excess enthalpy obtained by VASP is much more strain-sensitive 
than  the  one  obtained  by  the  semi-empirical  potentials.  A  comparison  of  the 
applied methods reveals the trend that the semi-empirical potential results agree 
with the VASP results increasingly better in the sequence: EAM of Hepburn, EAM 
of Ruda, EAM of Lau, and MEAM. The different description of the carbon solubility 
in  the presence of  strain  fields by the four  semi-empirical  potentials  is  due to 
different parametrization, construction and fitting of the EAM potentials, and in the 
case of the MEAM to the different formalism including angular dependent bonding. 
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