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S1. Computation Methods Details 
The initial bulk structures for Fe (space group Im3m) and Fe2P (space group P62m) 

were obtained from crystallographic data [43,44]. DFT optimization was then performed 
to determine lattice parameters, resulting in values of (a = b = c = 2.83 Å) for Fe and (a = b 
= 5.81 Å, c = 3.42 Å) for Fe2P. Spin polarization was included in all calculations due to the 
ferromagnetic nature of Fe and Fe2P. 

Frequency calculations were performed on gas-phase molecules and all optimized 
adsorbed species to determine zero-point vibrational energies (ZPVE) and vibrational, 
translational, and rotational enthalpy and free energy. These terms were then used, to-
gether with electronic energies (E0, provided by VASP), to estimate enthalpies (H) 𝐻 𝐸 ZPVE 𝐻vib 𝐻trans 𝐻rot                                           S1  

and free energies (G) 𝐺 𝐸 ZPVE 𝐺vib 𝐺trans 𝐺rot                                             S2  

for reactants, products, and transition states at 673 K (a typical temperature for NH3 syn-
thesis). For calculations which include a periodic metal surface, there are no translational 
or rotational degrees of freedom, and DFT-derived vibrational frequencies can be used to 
determine the ZPVE, Hvib, and Gvib  𝑍𝑃𝑉𝐸 ∑ ½𝜈 ℎ      (S3) 

𝐻 ∑      (S4) 

𝐺 ∑ 𝑘𝑇 ln     (S5) 

For gaseous molecules, translational and rotational enthalpies and free energies were also 
computed from statistical mechanics 𝐻 𝑘𝑇      (S6) 𝐻 , 𝑘𝑇      (S7) 𝐻 , 𝑘𝑇     (S8) 𝐺 𝑘𝑇 ln / 𝑉      (S9) 

𝐺 𝑘𝑇 ln / /
    (S10) 𝜃       (S11) 



Molecules 2024, 29, 1894 2 of 6 
 

 

where Ii is the moment of inertia about axes x, y, or z and σ is the symmetry number of the 
molecule (2 for H2 and 6 for C2H6). Equations S6–S10 were obtained from: McQuarrie, D. 
A.; Statistical Mechanics; Sausalito, CA [50]. 

   

 
Figure S1. Reactants, transition state, and products’ structures for all reactions examined over 
Fe(110) surface. 
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Figure S1 Cont. Reactants, transition state, and products’ structures for all reactions examined over 
Fe(110) surface. 
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Figure S2. Reactants, transition state, and products’ structures for all reactions examined over 
Fe2P(001) surface. 
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Figure S2 Cont. Reactants, transition state, and products’ structures for all reactions examined over 
Fe2P(001) surface. 
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