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Crystal structure, phase stability, and magnetism in Ni3V
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The structural phase stability and magnetism of Ni3V are investigated using an all-electron total-

energy local-(spin)-density approach for its cubic (L1&), tetragonal (DO&2), and hexagonal (DO»)
crystal structures. In agreement with experiment, the paramagnetic DO2z structure is found to be the
most stable phase. The L12 structure shows a ferromagnetic instability with a magnetic moment of 1

p& per formula unit. An important role is found for the second-neighbor d-d coupling in determin-

ing the electronic structure and the observed crystal structure.

It is of considerable interest that the magnetic proper-
ties of Ni-V, Pd-V, and Pt-V alloys depend strongly on (i)
the degree of atomic long-range order and (ii) the crystal
structure. For example, VPt3, which is paramagnetic in
substitutionally disordered states with a face-centered-
cubic lattice, becomes weakly ferromagnetic in ordered
states with L lz and DOzz crystal structures. The absence
of nearest-neighbor V-V pairs is believed to be responsible
for the appearance of localized magnetic moments on the
V atoms in these ordered alloys. ' By contrast, VPd3 has
a tetragonal DOzz crystal structure which is paramagnet-
ic, whereas a ferromagnetic state with a magnetic mo-
ment of 1.4p& per formula unit is predicted using a
band-theoretical approach by Williams et al. for its cubic
(L 12) structure. Burmester et al. have suggested that for
VPd3 the discrepancy between the theoretical prediction
and the experimental result could be accounted for as be-
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ing due to the V local environment. Bieber et al. studied
the relative stability of the ordered transition-metal alloys
in their L 1z and DOzz ordered structures using the recur-
sion method. Because the DOzz structure can be obtained
simply from the L lz structure by introducing antiphase
boundaries, they concluded that the density of states
(DOS) could not be very different for both structures.

In the Ni-V alloys, the disordered alloys with up to 11
at. %%uo Var e ferromagneti can dar eparamagneti c for
higher concentration of V while the ordered NizV and
Ni3V intermetallics show no magnetic order. The elec-
tronic structure of Ni3V was calculated by Jaswal et al. '
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FIG. 1. Total energy as functions of the Wigner-Seitz radius
and the number of k points within the ~ IBZ for Ni3V in the

L12 structure. Triangles, circles, and rhomboids denote calculat-
ed total energies with 30, 60, and 90 points, respectively.

FIG. 2. Numerical error in the total energy resulting from the
use of a finite number of k points in the Brillouin zone integra-
tions for Ni3V. L is a typical size of a tetrahedron in the linear
tetrahedron scheme.
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using the orthogonalized linear combination of atomic or-
bitals method and the linearized muffin-tin orbital
(LMTO) method. They found that Ni3V with the DO22
structure does not satisfy the Stoner criterion for fer-
rornagnetic ordering. Their results showed that the
overall feature of the calculated electronic structure is in
good agreement with the angle-averaged photoemission
spectra. A more detailed study of the dependence of the
electronic structure and magnetism of the transition-
metal —V compounds on different ordered structures is
desired.

In the present paper, we investigate the structural sta-
bility and magnetism of Ni3V by performing total-energy
local-spin-density energy-band calculations for different
crystal structures, cubic L lz, tetragonal DOzz, and hexag-
onal DO, 9. For solving the single-particle (Kohn-Sham)
equations, the all-electron, semirelativistic LMTO method
within the atomic-sphere approximation is employed.
We find that a paramagnetic DOzz structure is most stable
among the three different structures considered. Only the

FIG. 3. Total energy as function of the Wigner-Seitz radius
and its structure dependence for Ni3V, using 60 k points within
IBZ. Open and solid circles, triangles, and rhornboids indicate
L12 (paramagnetic state), L12 (ferromagnetic state), DOl9 and

DO22 structures, respectively.

L 1z structure shows a ferromagnetic instability with a
magnetic moment of about 1pz. However, the increase in

the magnitude of the (negative) exchange energy found by
introducing the magnetic moment in L 1z is much smaller
than the band-energy lowering due to the structural tran-
sition into the DOzz phase. Overall, an important role is
found for the second-neighbor d-d coupling in determin-
ing the electronic structure and the observed crystallo-
graphic phase. In contrast to earlier conclusions, we find
that the difference in DOS is partly due to the effect of
differing second-nearest neighbors.

In carrying out the calculation we first examined the
numerical precision of the total-energy approach. The to-
tal energy of cubic Ni3V was calculated as a function of
the lattice constant (expressed as the Wigner-Seitz radius)
with 30, 60, and 90 k points within the irreducible wedge
of the Brillouin zone (IBZ). The results are presented in
Fig. 1. In general, the total energy has a lower value
when calculated with the larger number of k points in the
linear tetrahedron method. The error in the total energy
depends on L, where L is a typical dimension of a
tetrahedron and L-nl, ' where nI, is the number of k
points. As shown in Fig. 2, this L dependence is rough-
ly obeyed for smaller L values both for the L1z and DOzz
structures. Thus, an accurate value of the total energy
can be obtained simply by extrapolating the values of the
total energy calculated with several different numbers of k
points. It should be noted that we used such extrapolated
values for calculations of the heats of formation. Howev-
er, in the case of Ni3V, 60 k points in the IBZ is enough
to judge the stable state because the structural energy
difference is much larger than the error due to the finite
number of k points used.

The total energies are calculated as a function of the
Wigner-Seitz sphere radius (rws) for paramagnetic Ni3V
in three different crystal structures, cubic L lz, tetragonal
DOzz, and hexagonal DO». The calculated total energies
versus res for these three structures are shown in Fig. 3
and the corresponding equilibrium Wigner-Seitz radii r ws
bulk moduli and heats of formation' are listed in Table I.
For the L lz phase, the results of local spin density calcu-
lations for the ferromagnetic state are also given. Note
that the ratio c /a was kept constant for the DOzz
(c la =2.036 which is the observed value" ) and DO&9
(c/a =0.816 which is the ideal value of closed packing)
phases.

TABLE I. The equilibrium lattice constants, Wigner-Seitz sphere radii, bulk moduli, and the forma-
tion energies for the three diA'erent structures (L 12, DOl9, and DO») of Ni3V.

Formation

Structure

L lp

DO(9
DO2z

'Reference 11.

Calc.

3.55
3.54
3 ~ 54

a (A)
Expt. '

3 ~ 5424

Calc.

4. 11
7.21

c (A)
Expt. '

7.213

2.633
2.630
2.630

B
(Mbar)

2.3
2.4
2.3

energy
(kcal/mole)

1 1.2
16.7
21.3
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Ni, Nid V,
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Vd

Total
(states/Ry

formula unit)

L12

DO19

DOp2

0.64

0.41

0.17
0.14

5.01

1.24

1.85
0.94

23.99

8.17

8.26
5.27

0.06

0.21

0.18

3.58

0.72

0.89

100.68

18.39

12.46

193.23

48.77

36.51



35 CRYSTAL STRUCTURE, PHASE STABILITY, AND. . . 6943

200—
O

E 160-
0

120—

(a)

O

E
0

240

200

120

(b)

0
0

I

0.2
I

'
1

0.4
I

0.6 0.8

40

I

0
I

0.2

I

I
II

xiii el i I l

i

0.4 0.6
1

0.8

ENERGY ( Ry ) ENERGY ( Ry )

240 240

O

E
0

200—

160—

120—

1

0

,
'4i 'I

l i

I
'

t
'

I

0.2 0.4.

F

I
I

II ih

II II
ii, 1
I I

i
I

i i
i

I

I ii I

i I
i

iii i

Ih i

I
I i

I

Ii

lil ~
I

0.6
g

0.8

U

E
0

0
C3

200—

160—

120—

80-

40-

0 I
'

I
'

I

0 0.2

h

Ii
I

I

0.4

i
i
I

)
II ih

il
III
lli I

ili I

I ii I

i ii
i i i

I
h

I

Ill
I

I i I I
I

i I

i )
I' i

I
ii

i I I

il
i

i

1
'

I

0.6 0.8

ENERGY ( Ry ) ENERGY ( Ry )

FIG. 5. Partial d density of states of Ni3V. Solid line denotes Ni-d, and dashed line V-d. (a) L12 structure, (b) DO» structure, and
(c) and (d) DO» structure; (c) represents Ni sitting in (001) plane at the same layer as V, and (d) represents Ni sitting in (001) plane
below or above V layer.

seen qualitatively in Fig. 5.
In conclusion, the result of the total-energy calculation

showed that in paramagnetic Ni3V the tetragonal struc-
ture is clearly favored as compared to the cubic ferromag-
netic structure. Thus, it is clear that as regards crystal
stability, the (atomic) structure dominates the electronic
structure, therefore magnetism.
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