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Abstract

Hybrid exchange density functional theory calcula-
tions have been carried out to investigate the effects of
strain due to a distortion of the lattice parameter(s) on
the electronic properties of CrO2, a half metallic ferro-
magnet. The variation in the density of states near the
Fermi level for the majority spin states and the bandgap
in the minority spin channel are reported. Understand-
ing such variations is vital to study interface properties
of heterostructures based on CrO2.

Keywords: spintronics, spin polarization, half-metallic
ferromagnet, minority spin bandgap, lattice parameter
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INTRODUCTION

Chromium Dioxide (CrO2) is one of the most impor-
tant transition metal oxides for technological applica-
tions. It was initially introduced as a magnetic emulsion
in audio tapes in 1974 because of its resistance to corro-
sion and high magnetic coercivity. CrO2 was first pre-
dicted to be a half metallic ferromagnet by Schwarz[1].
Half metallicity occurs when the majority spin-up (α)
electrons are metallic and the fermi level lies in a band
gap for the minority spin-down (β) electrons. There-
fore, ideal half metallic ferromagnets are 100% spin po-
larized at the Fermi Level. In support of theoretical
predictions of CrO2 being half metallic, a high degree of
spin polarization has been reported experimentally for
thin epitaxial films[2]–[4]. The primary interest in half
metallic ferromagnets is to use them as a spin injector
in enhanced spintronic devices over those using conven-
tional ferromagnets.

CrO2 is conductive and ferromagnetic at room tem-
perature. It has a Curie temperature of Tc ≈ 395K[5]
and a saturated atomic magnetic moment of 2µB per
Cr atom[6]. Chromium dioxide crystallises in the ru-
tile structure which is described by the space group,
P42/mnm. Chromium atoms are located at positions
(0, 0, 0) and (1

2 , 1
2 , 1

2 ) in fractionary coordinates. The
four oxygen atoms are located at: (u, u, 0), (1-u, 1-u, 0),
( 1
2+u, 1

2 -u, 1
2 ), ( 1

2 -u, 1
2+u, 1

2 ) where, u is a dimensionless
constant. The Bravais lattice is tetragonal with lattice

Figure 1: Bulk CrO2 primitive cell. Chromium atoms
(small spheres) are octahedrally coordinated by oxygen
atoms (large spheres). (The B3LYP optimized geometry
has been adopted for the visualization of this structure.)

parameters of a=4.421Å, c=2.916Å; and the value of u
is 0.301[7].

The chromium atoms have a formal charge of 4+
with 2 unpaired electrons occupying the Cr 3d orbital.
The crystal field caused by the octahedron of surround-
ing negative charges splits the fivefold degenerate 3d or-
bital into higher energy doubly degenerate (dx2-dy2 , dx2)
states and lower energy triply degenerate t2g (dxy, dxz,
dyz) states. The local distortion of the CrO6 octahedra
causes further splitting of the t2g states leading to three
non degenerate which in the Cartesian frame of the cell
used here are t2g orbitals: dxy, dyz+dzx and dyz-dzx.

Despite theoretical predictions of CrO2 being a com-
pletely spin polarized material, the development of de-
vices exploiting its half metalllicity has been problem-
atic. Magnetic Tunneling Junctions based on epitaxial
CrO2 films exhibit a low magnetoresistance[4], [8]–[10].
One of the factors influencing this poor performance
could be the reduction of CrO2 to the more stable phase
of chromium oxide, Cr2O3 (an antiferromagnetic insu-
lator) at the surface. This is expected to cause a degra-
dation in spin transport. The formation of this natural
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layer is dependent upon factors such as: 1) deposition
temperature, 2) background pressure and 3) lattice mis-
match with the substrate [9].

Epitaxial films experience tensile stress due to a mis-
match of lattice parameters. CrO2 films have been de-
posited on a range of substrates such as TiO2[3] and
Al2O3[11]. The interaction between the subtsrate and
the metal-oxide overlayer could possibly result in a struc-
ture which is themodynamically unstable. The mis-
match of lattice parameters affects the local strain at the
interface and could potentially modify the structural,
electrical and magnetic properties of the film. Therefore,
it is vital to understand the effect of strain on heteroepi-
taxial structures in order to provide an explanation for
the poor performance of hybrid spin transport devices
based on CrO2. In this work, we report the influence
of a contraction and expansion in the lattice parameters
(a and c) on the electronic properties of bulk CrO2.

COMPUTATIONAL DETAILS

All density functional theory (DFT) calculations were
performed using CRYSTAL06[12], a code based on the
periodic ab intio LCAO (linear combination of atomic
orbitals) method. The basis set used for the Cr atom
was the 86-411G* and 8-411G* for the oxygen atoms
which, have previously been used to model Cr2O3[13].
The exchange correlation functional used was the hy-
brid, B3LYP (Becke, three-parameter, Lee-Yang-Parr)[14].
This hybrid functional has been reported to be highly
reliable and accurate in calculating electronic proper-
ties[15].

Integration was performed over reciprocal space us-
ing a shrinking factor of 8 to form a Pack-Mockhorst
mesh of k points. The thresholds for the Coulomb over-
lap, Coulomb penetration, exchange overlap and second
exchange pseudo-overlap were set at 10−7, 10−7, 10−7

and 10−14, respectively. The self consistent field (SCF)
algorithm was set to converge at the point at which the
change in energy, ∆E was less then 10−7 Hartree.

Geometry optimization was performed primarily to
obtain the equillibrium structure. Optimization of cell
parameters and atomic positions was carried out at non-
constant and constant cell volumes. For the constant
volume calculations, the volume was fixed at the corre-
sponding input unit cell volume; all cell angles and ra-
tios between cell edges unconstrained by the point group
symmetry were optimized[12].

RESULTS AND DISSCUSSIONS

The effects of the lattice parameter(s) on i) the den-
sity of states (DOS) near Ef for the majority spin states
and ii) the minority spin bandgap were investigated.
Starting from the optimized structure, a set of calcu-

lations were carried out over a range of lattice parame-
ter values by multiplying the intial lattice parameter(s)
by a factor of 0.90 to 1.10 in increments of 0.01. The
following types of simulations were performed:

a) the a lattice parameter was contracted and expanded
at a non-constant volume;

b) the c lattice parameter was contracted and expanded
at a non-constant volume;

c) the a and c lattice parameters were contracted and
expanded simultaneously;

d) the a lattice parameter was contracted and the c lat-
tice parameter was expanded to keep the volume
constant.

In the first two cases, a full optimization (cell param-
eters(s) and atomic coordinate (the value of u)) was run
in the presence of a constrain on the lattice parameter
(a or c, respectively). In the last two cases, only the
atomic coordinates were relaxed. The trends observed
for the non-optimized and optimized geometries were
similar therefore, the results for the latter have been
presented.

Figure 2: The effect strain (due to a change in the lattice
parameter(s)) on the band gap for the majority spin
states.

It is evident from Fig. 2 that even a contraction in
the a lattice parameter of 2-3% at a constant and non-
constant volume results in the opening of a bandgap
of approximately 0.2eV in the majority spin DOS. A
further contraction of the a lattice parameter to 9%,
causes an increase in the bandgap of upto ≈ 1.7eV at a
constant volume and 1.1 eV at a non-constant volume.
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An expansion above 4% in the c lattice parameter also
leads to the opening of a bandgap for the majority spin
states. Consequently, the conductivity of CrO2 would
be affected due to a transition in the majority spin DOS
from a metallic to a semi-conducting state, whilst pre-
serving a bandgap in the minority spin states.

As regards to the minority spin states in Fig. 3, it can
be deduced that a contraction of the lattice parameter(s)
affects the bandgap by ≈ ±8% with respect to the intial
value of 3.6eV obtained for the optimized geometry. In
the case of an expansion, the variation becomes more
significant, especially for a distortion of upto 10%.

Figure 3: The effect of strain (due to a change of the
lattice parameter(s)) on the band gap for the minority
spin states.

In order to analyse further, the effect of the distortion
on the electronic properties, the total density of states
(DOS) has been shown for a contraction and expansion
of 5% in Fig. 4 and 5 (left). In particular, the value
of the DOS at the Fermi level is evident in the close
view (right). The lower valence band DOS are mainly
attributed to the O-2p orbitals with a small contribution
from the Cr-3d orbitals for both the optimized structure
and for the distorted geometries. This is also true for
states at the Fermi energy in the majority spin DOS.
In addition, the value of the DOS at Ef increases when
the lattice parameter, a is expanded and reduces to zero
when it is contracted.

CONCLUSION

The main conclusion which has been drawn from
these preliminary calculations is that the density of states
near Ef for the majority spin states and the minority
spin band gap are sensitive to strain. A contraction in

the a lattice parameter or an expansion of the c vector
results in the opening of a bandgap in the majority spin
density of states. This is expected to affect the spin
polarization at the Fermi level and could therfore assist
us in gaining an insight into the poor performance of
hybrid spin transport devices based on CrO2.
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Figure 4: Total density of states is displayed for a contraction of 5% in cases a)-d); the corresponding one for the
optimized geometry is shown in e).

Figure 5: Total density of states for a expansion of 5% in cases a)-d) and the corresponding total density of states for
the optimized geometry is shown in e).
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