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We have investigated the electronic structures and magnetic properties of both undoped and doped bcc Ni

using the full-potential linearized augmented plane wave (FLAPW) band method. A ferromagnetic ground

state is obtained at the equilibrium volume of bcc Ni. When the system is under strain, the nonmagnetic ground

state is stabilized. When the Ni is doped with V, the Ni16-xVx material loses its magnetic properties when x > 2.

We have also discussed the possible superconducting properties of Ni16-xVx.
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1. Introduction

The crystal structure and the magnetic phase of a
system are closely related. Considering that magnetism
and superconductivity are generally completing, any struc-
tural change can generate superconductivity by suppre-
ssing magnetism. Typical magnetic transition metals, such
as Fe, Co, and Ni, have been intensively studied to ex-
amine the correlation between structure and magnetism
[1-4]. Note that ferromagnetic Fe, Co, and Ni have stable
body-centered cubic (bcc), hexagonal close-packed (hcp),
and face-centered cubic (fcc) structures, respectively.
When an fcc structure of Fe is stabilized by growing
epitaxially on a nonmagnetic Cu surface, the magnetic
state has been changed to an antiferromagnetic spin
density wave [5].

Artificially grown fcc Fe and bcc Co have been ex-
tensively studied, both experimentally and theoretically.
However, bcc Ni has not been explored much due to its
instability. From local spin density approximation (LSDA)
band calculations, Moruzzi et al. [1, 2] found that the
paramagnetic ground state of bcc Ni is stabilized. On the
other hand, there have been reports that bcc Ni on an Fe
substrate exhibits a non-vanishing magnetic moment [6,
7]. Since the substrate (Fe) itself is a magnetic material,
the reliability of the magnetic moment value is reduced
due to the effect of the magnetic coupling between the Fe

and Ni. Recently, Tian et al. [8] successfully fabricated
bcc Ni on GaAs and measured the magnetic moment with
much improved precision (0.52 μB/atom). The results
indicated a ferromagnetic ground state for bcc Ni. Sub-
sequent ab-initio band calculations yielded similar results
[9-11].

Aside from the issue of the magnetic ground state, bcc
Ni is interesting due to its possible very weak itinerant
ferromagnetic nature [10] and its reduced Curie temper-
ature compared to fcc Ni [11]. In this study, we have
reexamined the electronic and magnetic properties of bcc
Ni and its transition from a ferromagnetic to a paramag-
netic phase upon varying its lattice constant. Furthermore,
we have investigated the electronic structures and mag-
netic properties of vanadium (V)-doped Ni (Ni16-xVx).
The vanadium is added to stabilize the bcc Ni structure.
The possible superconducting properties of bcc Ni16-xVx

have also been discussed.

2. Results and Discussion

We have employed the full-potential linearized aug-
mented plane wave (FLAPW) band method [12]. For the
exchange-correlation energy, we employed the generali-
zed gradient approximation (GGA) [13].

2.1. Bulk bcc Ni

For the bulk bcc Ni, a ferromagnetic ground state has
been found at the calculated equilibrium lattice constant
of 2.785 Å with a magnetic moment of 0.528 μB/atom.
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This is in good agreement with both previous experi-
mental and band calculation results. One thing to note
here is that the calculated equilibrium lattice constant of
bulk bcc Ni is smaller than the real (experimental) lattice
constant of a bcc Ni film grown on GaAs (2.82 Å) [8].
This implies that the bcc Ni film grown on GaAs is under
tensile strain. A body-centered-tetragonal (bct) structure
can be established due to this lattice mismatch. The c/a
ratio, however, is not much different from one. Thus, it is
expected that the magnetic behavior of bct Ni is not
significantly different from that of bcc Ni, making the bcc
calculation valid [10].

The actual magnetic moment at the calculated equili-
brium lattice constant is considered to be slightly different
from the experimental value since the volume of the bcc
Ni plays a key role in determining the magnetic stability.
This can be seen in Fig. 1(a). The lattice constants of bulk
bcc Ni and a bcc Ni film grown on GaAs are marked with
dotted lines. As the lattice parameter of the bcc Ni
reduces, the energy difference between the ferromagnetic
and paramagnetic states becomes negligible. The bcc Ni
film grown on GaAs has a larger lattice constant than the
bulk bcc Ni. Therefore, the stability of the magnetism will
be stronger for the bcc Ni film. Fig. 1(b) shows the
dependence of the magnetic moment on the lattice
parameter of the bulk bcc Ni. As the volume decreases, or

the pressure increases, the magnetic moment of the bcc
Ni decreases. If the lattice constant is reduced to less than
2.6 Å, the magnetism of the bcc Ni disappears and a
paramagnetic phase emerges. 

In Fig. 2, the density of states (DOS) of bcc Ni is
shown with the Fermi energy at zero. The DOS at the
calculated equilibrium lattice constant in Fig. 2(a) shows
clear ferromagnetic behavior. When the volume is com-
pressed, the DOS exhibits nonmagnetic behavior at the
lattice constant of 2.525 Å, as shown in Fig. 2(b). 

2.2. V-doped Ni (Ni16-xVx (x = 1, 2, 3, and 4))

Natural Ni has an fcc structure. So, even though bcc Ni
can be produced, its stability is rather low. Doping bulk
bcc Ni with another bcc element, such as V or Cr, may
reinforce the bcc character of Ni. Therefore, we examined
the effect of doping with V. To do this, we considered a
supercell of bcc Ni in which some of the Ni atoms had
been replaced by V atoms, as shown in Fig. 3. 

Doping with V has a tendency to suppress the mag-
netism. Fig. 4 shows the magnetic moment as a function
of the volume for bcc Ni, Ni15V, Ni14V2, Ni13V3, and
Ni12V4. The equilibrium lattice parameter is slightly
increased from 2.785 to 2.811 Å due to the larger lattice
constant of 3.02 Å for bcc V [14]. It is clear that replacing
1/16 of the Ni atoms with V atoms (Ni15V) greatly
reduces the magnetic moment. At the equilibrium volume
of Ni15V, the magnetic moment is 0.309 μB/atom. This is
more than 40% lower than the value (0.544 μB/atom)

Fig. 1. (a) Total energy vs. lattice parameter for the bulk bcc
Ni. The ferromagnetic state is stabilized at the equilibrium lat-
tice parameter. At reduced volume, the paramagnetic state is
stabilized. (b) Magnetic moment vs. lattice parameter. The
paramagnetic behavior emerges with decreasing the lattice
parameter. The lattice parameters of the bulk bcc Ni and the Ni
film grown on GaAs are marked with dotted lines.

Fig. 2. DOS of the bulk bcc Ni. (a) DOS at the equilibrium lat-
tice parameter, a=2.785 Å. (b) DOS at the reduced lattice
parameter, a=2.525 Å. Note that both DOS correspond to a
16-atom supercell.
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obtained for the bulk bcc Ni. As the lattice constant de-
creases, the magnetic moment of Ni15V is reduced much
faster than that of the bulk bcc Ni. This means that the
magnetic moment of Ni15V is soon less than half that of
the bulk bcc Ni at the same lattice parameter. Ni15V
changes into a paramagnetic ground state at about 2.62 Å.
According to Fig. 4, at this lattice constant, the bulk bcc
Ni still has a large magnetic moment. 

If more than 2/16 of the Ni atoms are replaced by V
atoms, the magnetic moment vanishes and the paramag-
netic ground state is stabilized even at the equilibrium
lattice parameter. Fig. 4 shows that the magnetic moments
vanish for all three lattice compositions (Ni14V2, Ni13V3,
and Ni12V4). In Fig. 5, the total and local DOS for Ni14V2

are given at its equilibrium lattice constant. It is clear that
the hybridization between the Ni and V states is strong.
This hybridization would lead to the suppression of mag-
netism in Ni14V2. Therefore, one can conclude that doping
with V suppresses the magnetism of bcc Ni. This is
similar to applying pressure to bulk bcc Ni.

2.3. Superconducting properties of Ni16-xVx

Using McMillan’s formula [15] based on the linearized
muffin-tin orbital (LMTO) band results, we have examin-
ed the possible superconducting properties of the bcc
stabilized Ni16-xVx materials. In McMillan’s formula, the
superconducting transition temperature Tc is given by 

Here, ΘD is the Debye temperature, λ is the electron-
phonon coupling constant, μ is the effective electron-
electron interaction parameter, which we set as 0.13, and
μsp is the spin fluctuation parameter, which we set equal
to zero. The electron-phonon coupling constant can be
obtained by , where ηα is a super-
conducting parameter for each element and is defined as

Tc=
ΘD
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Fig. 3. The structures of the three V-doped Ni materials. (a) Ni15V1, (b) Ni14V2, and (c) Ni12V4. 

Fig. 4. Magnetic moment vs. lattice parameter for Ni16-xVx (x
= 0, 1, 2, 3, and 4). The equilibrium lattice parameter, a=2.811
Å, is marked with a dotted line.

Fig. 5. Total and local DOS for Ni14V2 at the equilibrium lat-
tice parameter. (a) Total DOS, (b) local DOS of V, and (c)
local DOS of Ni.
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. Here, NF is the DOS at the Fermi energy

and  is the average electron-ion interaction matrix

element for the α-th ion.  corresponds to the aver-

age phonon frequency squared for the α-th ion.  can

be determined from the band structure results by using the

rigid muffin-tin approximation [16]. We estimated the

 of Ni from that of bcc Fe by accounting for the

mass difference between Fe and Ni. 

Fig. 6 displays the changes in NF, Tc, λ, and  for

Ni16-xVx upon varying x between 0, 1, 2, and 4. Note that

since ηα is different for each atom, the average value ( )

is shown instead. It is clear that with increasing V, the

superconducting tendency seems to initially decrease:

both λ and  are reduced so that Tc goes to almost zero.

However, the superconducting character of Ni12V4 seems

to emerge rapidly. Both λ and  increase to produce a

higher Tc. 

3. Conclusions

We have investigated the electronic structures and mag-

netic properties of bcc Ni and V-doped Ni (Ni16-xVx). For

the bulk bcc Ni, a ferromagnetic ground state is obtained

at the equilibrium volume. However, the magnetism dis-

appears upon applying pressure. When bcc Ni is doped

with V, the magnetism is greatly reduced. If more than

2/16 of the Ni atoms are replaced by V atoms, the

magnetic moment vanishes and the paramagnetic ground

state is stabilized at the equilibrium lattice parameter. 

Regarding the superconducting properties of the bcc

stabilized Ni16-xVx, we can see that when the V doping

content is small, even though magnetism is suppressed,

the superconducting behavior is weakened first with

increasing x, but becomes strengthened for x = 4. Our

study therefore suggests that superconductivity in bcc-

type Ni systems can be realized either by compressing

bulk bcc Ni or by doping it with more than 25% of V.
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Fig. 6. Superconducting properties of the Ni16-xVx (x = 0, 1, 2,

and 4) materials at their equilibrium lattice parameters. (a)

DOS at the Fermi energy, (b) superconducting transition tem-

perature Tc, (c) electron-phonon coupling constant λ, and (d)

averaged superconducting parameter .η


