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First-Principles Study on the Structure and Electronic
Properties of Nitrogen-Doped ZrC and TaC
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Abstract: To investigate the influence of impurity of nitrogen (N) in the cubic ZrC and TaC,
first-principle calculations with supercell (SC) method and virtual crystal approximation (VCA)
method were performed in the present study. The formation energy, lattice constant, volume and
electronic density of states of ZrC, Ny and TaC,; Ny (0 < x < 1) compounds doped with different
concentrations of nitrogen atoms were calculated respectively. The formation energy shows that the
stability of ZrC, 4Ny and TaC, 4Ny increases with the increase of nitrogen concentration. The lattice
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constant and volume decrease with the increase of nitrogen concentration, which indicate the
structure becomes more and more stable. The new peak of density of state (DOS) at the deep energy
level becomes higher with the increase of nitrogen, which also suggests that the structure is more
stable with the increase of nitrogen. In addition, comparing the stability of ZrC,_(Ny and TaC,_,Nj at
the same N concentration, it was found that the impurity formation energy of ZrC, Ny was lower
than that of TaC,_N,, so the ZrC,_,N, was more stable.

Key words: Metal carbonitrides; First-principles; Impurity formation energy; Electronic
structure
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R EE, £P & e KR Zr (3 Ta), K&k~ C, EE RN
Figure 1 Crystal structures of (a) pure ZrC and TaC and the super-cells of ZrC, Ny and TaC, Ny for (b) x = 0.25,
(c)x=0.5,(d)x=0.75 and (e) x = 1, respectively. Zr (or Ta), C and N atoms are represented by light blue, gray,
blue spheres, respectively
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Figure 3 (a) Lattice constants and (b) volumes of ZrC,_ Ny and TaC,_,Ny as a function of N content within the
super-cell (SC) and virtual crystal approximation (VCA) models
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Figure 4 Density of states (DOS) of ZrC,_,Ny and TaC,_4N with different N concentrations:
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