Geometries, electronic properties and stability of molybdenum and tungsten nitrides low-index surfaces
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Abstract
[bookmark: _GoBack]Motivated by the vital role played by transition metal nitride (TMN) composites in various industrial applications, the current study reports electronic properties, and thermodynamic stability phase diagram of all plausible surfaces of hexagonal molybdenum nitride (δ3-MoN) and tungsten nitride (δ-WN). Our estimated enthalpy of formation for both δ3-MoN and δ-WN attain values of -1.25 eV and -0.12, respectively. Herein, we investigate four low miller indices of hexagonal δ3-MoN and δ-WN surface terminations namely, (100), (110), (111), and (001). For δ3-MoN surfaces, we found that, the (100) and (111) configurations adopt separate Mo and N terminations signified as δ3-MoN(100)_Mo, δ3-MoN(100)_N, δ3-MoN(111)_Mo, and δ3-MoN (111)_Mo. However, the (110) termination is mix-truncated with both molybdenum and nitrogen atoms i.e.,δ3-MoN(110)_MoN. Likewise, the δ-WN faces incur analogous surface terminations. Ab initio atomistic thermodynamics analysis predicts that, N-terminated (111) slab to be the most energetically favourable surface among the δ3-MoN studied surfaces. The tungsten terminated WN(100)_W surface exhibits the highest stability in considered δ-WN terminations. Electronic properties characteristics represented by total and projected density of states infer that δ3-MoN and δ-WN most stable surfaces afford a metallic character as it is the case in their bulk’s systems. Surface relaxation and reconstruction analysis for the aforementioned surfaces experience both upward and downward displacement of surface molybdenum and tungsten atoms in reference to their bulk positions. Finally, calculated Bader’s electronic charges in surfaces reveal charge transfer from Mo/W atoms to N atoms, largely retaining the ionic bond nature in their bulk phases. 
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