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Transition metal nitrides (TMNSs) represent a prominent class of materials possessing numerous out-
standing physical properties, such as excellent chemical and thermal stability, incompressibility and
strength, high melting point and good thermal and electronic conductivity or superconductivity.

Therefore, considerable efforts have been devoted S &
to investigate the possibility of enhancing perfor- oL
mance of exceptional TMNs by designing ternary & X id
or multinary TMN systems. MoN and TaN have :’f:’
attracted significant attention owing to their bene- X1
ficial properties in functional thin film applications
spanning from electronics to protective coatings. &
Up to date, however, there has been only one first- f
principles study 'l on the MoN-TaN ternary sys- Pl
tem. o
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To gain a deep insight into chemical, mechanical, o
and dynamical stability of MoN-TaN, it is desir- o
able to employ density functional theory (DFT), as lxz 4 Y e SR

a state-of-the-art method of quantum-mechanical Figure 1: Computational models for MoN/TaN

modelling. Thanks to its high reliability, DFT has superlattices.
become a powerful tool of computational materi-
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als science and an important counterpart to exper- L |
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iment. In the present study, the Mo;_,Ta,N solid 0 NaCl-type
o NaCl-type SQS
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solutions are assumed to adopt the cubic structure 5 -

with NaCl prototype (Fm3m, #225, B1-type), of- < | M w/és_;%’;e
ten referred to as rocksalt (rs) structure, and the ? v TaN-type

hexagonal structures with NiAs (P63/mmc, #194), % $ J
WC (P6m2, #187), and TaN (P62m, #189) proto- o
types, respectively. Besides, we consider cubic- ?
like MoN/TaN superlattices, as another materials 2 |
design concept (Fig. 1). cI\.
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Our calculations (Fig. 2) clearly demonstrate that
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hexagonal-type Mo;_,Ta,N solid solutions based xin MogTaN

on low-energy modifications of MoN and TaN Figure 2: Energy of formation, £y, of various

are the most stable over the whole compositional ~ Mo;_,Ta,N systems as a function of Ta content.



range. Despite being metastable, the disordered cubic polymorphs are energetically significantly pre-
ferred over their ordered counterparts. An in-depth analysis of atomic environments in terms of bond
lengths and angles (Fig. 3) reveals that the chemical disorder results in (partially) broken symmetry,
1.e., the disordered cubic structure relaxes towards a hexagonal NiAs-type phase, the ground state of
MoN.

Surprisingly, superlattice architecture is also 1 Wit NiAs—type 2 WrtWC—type 3 Wit TaN~type 4 Wit NaCl-type
clearly favored over the ordered cubic solid solu- | 1@ Moatoms || 2a)Moatoms | | 3a) Mo atoms | | 42) Mo atoms
tion. We show that the bi-axial coherency stresses S : - -

in superlattices break the cubic symmetry be- 8 s

yond simple tetragonal distortions and lead to a 5 { { {
new tetragonal {-phases (P4/nmm, #129) exhibit- z h I | I |

ing a lower formation energy than the symmetry- ® 1 by Taatoms | | 2b) Taatoms | | 30) Taatoms | | 4b) Ta atoms

stabilized cubic structures of MoN and TaN. Un-
like the cubic TaN, the {-TaN is predicted elasti-
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cally and vibrationally stable, while the {-MoN is 101

stabilized only by the superlattice structure. *] {{ { { { { {

To analyse compositional trends in the elastic re- “Tiomoaoms | [ 20)Moatoms | [30) Mo atoms | [ 4c) Mo atoms

sponse of various Mo;_,Ta,N systems, we estab- % Z #E § 8 [[§E %3 H f ; 15 % 4

lish their mechanical stability and find the clos- é 1: id)Taatoms | | 2d) Taatoms | | 3d) Taatoms | | 4d) Ta atoms

est high-symmetry approximants of the elastic ten- 0’0105‘; Ojf‘ fja ‘ OE ‘50@}‘ %18 ‘ 0‘}‘5 Oj}‘ %B ‘ O‘f“o‘f‘ .
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sors. The disordered cubic and all the hexago- ) , )
Figure 3: Analysis of local environments in

nal systems are mechanically stable (though the disordered Mo; _,Ta,N systems,

TaN-type MoN is nearly unstable); on the con-
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trary, the ordered cubic systems and superlattices
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of ~ 25% and ~ 50%, respectively. The estimated g1 % ~
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polycrystalline elastic moduli shown in Fig. 4 sug- &1 £ N /v/:
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modifications. According to the Pugh’s criterion "l 1o
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sublattices are predicted to be ductile. The trends X MoTaN oo Mo T
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Finally, our systematic and in-depth study pro- do 02 04 06 08 10
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} o Figure 4: (a) Bulk modulus, (b) shear modulus, (c)
in quasi-binary MoN-TaN system, and as such can Young’s modulus, and (d) Pugh’s ratio of various

guide experimental search for functional thin films Mo, _,Ta,N systems.

vides information on stable and metastable phases

with complex chemistry and/or architecture.
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