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Fig. 1. Relationships between surface energies of two TaC

(0001) surfaces and chemical potentials.
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Fig. 2. Side view of Ta-TaC and adsorption site.
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Table 1.  Adsorption site, adsorption energy and

key geometric parameters of Ta-TaC surface.

Species Sites E,s/eV d (N—Ta) d (N—H) 6(H—N—H)

NH; top 0.08 2.354 1.027 108.1
NHy; hep -3.6 2.221 1.036 102.8
NH fcc -6.49 2.140 1.026 —

N fecc  —9.79 2.030 — —
H hep -1.1 — — —
v-Ny  top -0.37 2.157 — —

3 (a)(b) NH; Hl (c)(d) Ny F ¥ il 15 [ 44 754
Fig. 3. Two adsorption configurations of (a)(b) NH; and
(¢)(d) Na.
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Fig. 4. Structure of initial state, transition state and final
state of NH3 dehydrogenation and recombination reaction.
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Fig. 5. Calculated potential energy diagram for (a) NHj de-
hydrogenation and (b) N-N coupling reaction.
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Table 2.  The activation energy. imaginary fre-

quency and reaction heat of each step elementary re-

action.
reaction AFE /eV  AH /eV Freq./cm'!
NH3 — NH2 +H 0.93 -2.10 1154
NHz - NH+H 1.02 -1.78 502
NH - N+H 2.03 -0.27 1405
N+ N — N2 5.32 2.89 136
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Fig. 6. Schematic diagram of differential charge density of
(a) NH3, (b) NH,, (c) NH, (d) N on the surface of Ta-TaC
and Bader charge analysis.
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Fig. 7. Local density of states (LDOS) for NHy dehydrogenation: (a) NH; before interaction, (b) NHj after interaction, (c¢) NH,,

(d) NH, (e) N The dashed line represents the Fermi level.
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Abstract

The adsorption and desorption behaviors of ammonia on TaC(0001) surface are studied by employing spin-
polarized density function theory calculations. The surface energy calculation results show that the TaC (0001)
terminating with Ta is the most stable surface. According to the optimized structural and energetic properties,
it is found that NH; prefers to adsorb on the top site, whereas NH,, H prefer to adsorb on the triple hcp site
and NH, N prefer to stay on the triple fcc site. In addition, three transition states are found for analyzing the
mechanism of dehydrogenation of NH3, and the N recombination reaction is also considered. The results show
that the desorption of nitrogen atoms is the rate-determining step in the overall reaction. Finally, in order to
further elucidate the mechanism of NHj adsorption and dissociation on the surface of Ta-TaC, the electronic
structure of the most stable adsorption position is analyzed from the perspective of charge density distribution
and electron density of states. The results of electronic structure calculation show that NHj; molecule is
adsorbed on the surface through the mixture of 2p, orbital of N atom and 5d.2 orbital of substrate Ta. With the
progress of dehydrogenation, the charge transfer phenomenon becomes more and more serious. The charge
transfer between adsorbate and substrate plays an important role in accelerating NH; dehydrogenation catalytic

process.
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