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First-principles study of the electronic,
magnetic and structural properties of ZnO and
Zn_,Cr,0O (x =0.125, 0.25, 0.375, 0.5) in the
room temperature wurtzite structure
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First-principles electronic structure calculations were
presented to study the electronic, magnetic and struc-
tural properties of pure ZnO and Zn, . Cr,0
(x =0.125, 0.25, 0.375, 0.5) in the room temperature
(293 K) wurtzite structure. Pure ZnO is found to be a
non-magnetic insulator due to perfectly paired elec-
trons in each Zn-3d orbital. This material encounters
nonmagnetic insulator to a ferromagnetic half-metal
for x =0.125 and then to a ferromagnetic metal for
x =0.25. The ferromagnetic metallic phase maintains
up to x=0.5. It is revealed in this study that 100%
spin polarization is responsible for the half-metallic
behaviour of Zng 375Cr.1250. Nevertheless, partial fill-
ing of Cr-3d;.2_» orbital in the spin-up channel toge-
ther with a minute, but finite contribution of electrons
from the Cr-3d,,,-~ orbitals at E for the spin-down
channel are together responsible for the metallic
behaviour of Zn, .Cr.0 (x20.25). The ferromagnet-
ism in all the Cr-substituted compounds arises from
strong Hund’s rule coupling. Eventually, a trivial
variation in the Zn-0O/Zn-Zn bond distances and
ZLZn-0-Zn bond angles caused by Cr doping is
responsible for a minor structural distortion in
Zn,sCrg50.

Keywords: Bandgap semiconductor, Cr-doped ZnO,
electronic and optical properties, density functional theory,
wurtzite ZnO.

NANOSTRUCTURED zinc oxide (ZnO) materials have
attracted increasing interest in recent years because of
their remarkable properties for electrical and optoelec-
tronics applications. Pure ZnO is an n-type semiconduc-
tor material with a hexagonal wurtzite (P63mc) structure’
having a wide band gap of 3.36 ¢V and large excitation
energy gap of 60 meV. ZnO has attracted much interest
for many years due to excellent performance in blue—
ultraviolet (UV) and UV regions®. Studies on ZnO-based
light emitting diodes (LEDs) and laser diodes (LDs) have
made great progress in the last decades™. Due to excel-
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lent chemical and thermal stability, specific electrical and
optoelectronic property, and since it is a [I-VI semicon-
ductor, ZnO nanomaterials have been extensively used
for surface acoustic wave devices’, photonic crystals®,
photo detectors’, photo diodes®, chemical and gas sen-
sors’, optoelectronic devices'” and solar cells'".

The doping in ZnO nanoparticles with the controlled
substitution of impurities can change its electrical, optical
and structural properties. As a consequence, enormous
efforts have been devoted to synthesize doped ZnO nano-
particles with impurities such as Cu, Al In, Sb, Ga, Fe,
Co, Ni, etc. Furthermore, combined doping in ZnO na-
nomaterials also results in massive changes in electrical,
optical and structural properties. The combinational dop-
ing of Y and Cd or Mn and Co has been reported’ to
affect the structural and optical properties of ZnO nano-
materials. Cobalt (Co) doping in ZnO nanoparticles re-
duces its grain size and enhances optical properties by
narrowing energy band gap'>. Indium (In) doping also in-
creases the electrical conductivity of ZnO nanoparticles'”.
Therefore, doping in ZnO nanoparticles is frequently
used to modify their structural, electrical, magnetic and
photophysical properties. Research on doped ZnO nano-
crystals has led to major developments in spintronics,
dilute magnetic semiconductors (DMS), optical devices
and photocatalysis.

It is well known that Cr is a paramagnetic metal at high
temperature and becomes antiferromagnetic below 311 K.
The only ferromagnetic metal oxide is CrO, with high
T,=386 K. These properties make Cr a suitable and
promising doping element for ZnO nanoparticles. Consi-
dering these theoretical predictions, significant results
have been devoted to this system by Cr doping. Neverthe-
less, the experimental results are in conflict with each
other. For example, no ferromagnetism (FM) was identi-
fied in Cr-doped ZnO films prepared by pulsed laser
deposition'! and combinational laser molecular-beam epi-
taxy methods'”. On the other hand, some other studies
establish that Cr-doped ZnO films are ferromagnetic at
room temperature (RT) when synthesized by laser deposi-
tion, magnetron sputtering or a sol-gel method'®.
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Figure 1.
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a, Calculated total. b, Zn-3d and O-2p DOS of pure ZnO at 293 K. Band gap observed is

1.90 eV. ¢, DOS of Zn-3p, 4s and O-2s orbital. The Fermi energy is set to zero. d, The crystal structure
of pure ZnO. The green and red spheres correspond to Zn and O atoms respectively.

Although there are many experimental studies on magnet-
ic and non-magnetic doped ZnO films showing room
temperature (RT) FM, there is no consensus in the origin
of FM ZnO-based materials.

Cr doping in ZnO at RT structure was studied by
employing first-principle electronic structure calculations
based on density functional theory (DFT) within local
density approximation (LDA) formalisms. At 12.5% Cr
doping, the system encounters nonmagnetic insulator to a
ferromagnetic half-metal. Eventually, this material turns
into an FM metal at 25% Cr substitution. Additionally, a
slight structural distortion in the Zni-xCrxO compound
was observed due to 50% Cr doping. The aim of this
study is to investigate the origin of the insulator to half-
metal and then half-metal to metal transition in Cr-doped
ZnO in the LT phase. Furthermore, the origin of ferro-
magnetism in the half-metallic or metallic phase is also
investigated in this study.

Method of calculations

First-principles electronic structure calculations were
carried out to study the electronic, magnetic and structur-
al properties of pure ZnO and Cr-doped Zni-xCrxO
(x =0.125, 0.25. 0.375, 0.5). With this intention, DFT1718
implemented in the tight binding linearized-muffin-tin
orbitals (TB-LMTO) method within its atomic sphere
approximations (ASA)1920was employed using LDA202L
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The electronic band structure, densities of states (DOS)
and structural properties of both ZnO and Zn1-xCrxO were
systematically studied. The primitive unit cell of pure
ZnO in RT (293 K) hexagonal wurtzite structure (space
group P63mc) consists of two Zn and O sites each. The
lattice parameters used are: a=b=3.2489 A and
C=5.2049 A with Zn located at (1/2, 2/3, 0.3815) and
oxygen located at (1/2, 2/3, 0)1

Results and discussion
Electronic and magnetic properties 0fZnO

The ongoing study was started with the DOS calculations
of pure ZnO. The total (black), projected DOS of Zn-3d
(blue) and O-2p (green) orbitals are represented in Figure
1a and b respectively. It is noticeable from this figure
that the DOS for both spin channels are identical.
Nevertheless, the system is found insulating in both spin
channels. The Cr-3d and O-2p DOS are observed around
-6.8 to 0eV. In this study, the band gap calculated is
Eg~ 1.9 eV which is a remarkable improvement over
other DFT calculations (0.73-0.75 eV)22. Although the
calculated band gap is much smaller compared to the
experimental value (3.26 eV), this underestimation occurs
due to the well-known calculation error of Kohn-Sham
DFT for the conduction band. Nonetheless, these results
did not affect the accuracy of the comparison of related
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Table 1.

Calculated total ground state energy (Et), effective (Meff), Zn (Mzn), Cr (MCr), O (Mo)-magnetic moments (mb) and

conductivity of pure ZnO and ZA*C"O (x = 0.125, 0.25, 0.375, 0.5) at 293 K

Compounds Et(eV) VEff(Mb) Mzh (Mb) MY (Mb) Mo (M) Conductivity
Zn0O -3737.9 0 0 - 0 Insulating
Zn087mCro1250 -3551.7 -4.22 -0.01 -3.97 -0.01 Half-metallic
Zn07ACro2x0 -3365.5 -4.03 -0.01 -3.80 -0.02 Metallic
Zn065Cr03m0 -3179.4 -3.91 -0.01 -3.60 -0.03 Metallic
No 8 @ -2993.2 -3.79 -0.01 -3.40 -0.04 Metallic

properties of crystals (e.g. band structure and DOS pro-
perties).

The formal valence of Zn in pure ZnO is +2 (Zn+2), i.e.
it has ten electrons in its 3d orbitals. It is observable from
Figure 1 that the total DOS in the valence band appears
predominantly from Zn-3d DOS. All the Zn-3d states are
fully occupied by available ten electrons and pushed far
below EF. Due to the presence of hexagonal crystal field,
the Zn-3d manifold splits into triply degenerate tAybands
and doubly degenerate eg bands. The t.gand egbands are
observed from -6.8 to -5.7 eV and -5.7 to 5.0 eV respec-
tively. The total DOS (TDOS) of Zn-3d and O-2p bands
at EF are also calculated (Table 1). It is found in the
TDOS calculations that the occupancy of Zn-3d bands for
both spin species is almost equal (~5.0 states/eV/f.u.
(formula unit)/spin). Therefore, two species of electrons
(up- and down-spin) occupy each of the Zn-3d states in
opposite direction resulting in nonmagnetic nature of
pure ZnO. Since all the Zn-3d bands are fully occupied,
no electron contribution is found at EF. It is also observed
that Zn-3p, 4s and O-2s states have an insignificant con-
tribution to the total DOS (Figure 1cC).

Electronic properties of Zn1-xCrxO
(x =0.125, 0.25, 0.375, 0.5)

DOS calculations

The electronic properties of ZnlxCrxO (x = 0.125, 0.25,
0.375, 0.5) were studied at RT structure. The first effort
in this direction was the DOS calculations of Zn1-xCrxO.
The total DOS for x =0.125, 0.25, 0.375 and 0.5 are
shown in Figure 2. It is clear from this figure that
ZnO encounters insulator to metal transition at 12.5% Cr
doping. The spin majority species are metallic, whereas
the minority spin species are insulating with a semicon-
ducting gap ~2.5 eV (Figure 2a). Further enhancement
of Cr concentration dramatically changes the electrical
conductivity of ZnlxCrxO. The system exhibits half-
metal to metal transition at 25% Cr concentration
(Figure 2b). Nevertheless, an additional increase in Cr
impurity within the crystal enhances TDOS at EF and
hence increases the electrical conductivity. The total
DOS for x = 0.375 and 0.5 are also depicted in Figure 2C
and d.
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The projected DOS of Zn-3d, Cr-3d and O-2p bands
for x =0.125, 0.25, 0.375 and 0.5 respectively, are pre-
sented in Figure 3a-d. In all cases, the Zn-3d bands are
found occupied in both spin channels and are pushed well
below Ef. The calculated TDOS of Zn-3d bands at EF
remains almost 5 (states/eV/f.u./spin) in both spin chan-
nels (Table 2). From this table, it is also obvious that the
number of Zn-3d electrons (nzn) for different values of x
remains almost five in both spin channels which confirms
that two electrons in each Zn-3d orbital are paired per-
fectly. It also emerges from the DOS calculations that the
centre of gravity of the total DOS near EFis predominant-
ly due to Cr-3d character. The Cr-3d DOS for x = 0.125,
0.25, 0.375 and 0.5 are observed around -1.35 to 1.6 eV,
-2.25 to -1.5eV, -2.3 to 1.5eV and -2.35 to 1.40 eV
respectively, for the spin-up channel (Figure 3). The cor-
responding Cr-3d DOS for the down-spin channel are de-
tected around 0.2 to 4.5 eV, -0.3 to 4.3 eV, -0.3 to 3.95
and -1.80 to 4.2 eV respectively. In addition, O-2p DOS
for both spin channels are observed within -9.0 to
1.95eV, -9.3 to -2.0 eV, -9.4 to -2.95 eV and -9.5 to
-3.5 eV respectively, for x =0.125, 0.25, 0.375 and 0.5
(Figure 3). It is clear from Table 2 that Cr-DOS reduces
gradually in the spin majority channel, whereas increases
sequentially with x for the spin minority channel. The
doped systems Zn1-xCrxO are metallic in the spin majority
channel. In the spin minority channel, all the Cr-3d-bands
are almost unoccupied, but very tiny contributions of
electrons were detected at EFfor x > 0.25. Therefore, the
system is also metallic in this spin channel. Considering
two spin channels, the system is therefore metallic for
x > 0.25. Moreover, Zn-4s, 3p, Cr-3p, 3s and O-2s DOS
are insignificant compared to the total DOS (not shown in
figure).

Band structure calculations

To elucidate the origin of the insulator to half-metal (for
x = 0.125) and then half-metal to metal (for x >0.25)
transition in ZnlxCrxO precisely, electronic band struc-
ture calculations were also carried out for these systems.
The partial band structure (PBS) of Cr-3d orbitals for the
spin-up channel are shown in Figure 4 a-l respectively, for
x =0.125, 0.25, 0.375 and 0.5. The hexagonal crystal
field splits Cr-3d bands into lower lying triply degenerate
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Calculated total DOS of Zn~CrxO for different doping levels. The doped system is half-

metallic for x = 0.125 and metallic for all other cases. The Fermi energy is set to zero.

Figure 3.
doping levels. The Fermi energy is set to zero.

tQ and upper lying doubly degenerate egbands. The t
bands are further split into d3z-r., dyz dx states and eg
bands into dxyand dx., - states.

The PBS of Cr-3d states of Zno.8% Cr0.1250 for the spin
majority channel is shown in Figure 4a-c. It is observed
from PBS calculations that the Cr-dyz and dxz orbitals are
occupied by one electron each and are shifted below EF
(Figure 4b). These states are observed to be exactly de-
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Calculated total Zn-3d (blue), Cr-3d (red) and O-2p (green) DOS of Zni-xCrxO for different

generate states. The Cr-d3z.. orbital is found partially
filled (Figure 4c) and touches EF. The Cr-dxy and dz ..
orbitals are separated into bonding and anti-bonding
components. The bonding components are observed occu-
pied and are shifted below EF, whereas the anti-bonding
components are found unoccupied and are shifted above
EF (Figure 4 ). In the spin minority channel, all the Cr-
3d orbitals are found unoccupied (not shown in the
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Table 2. Calculated total densities of states (TDOS) at Er and number of electrons of pure ZnO and
Zn;,Cr,O (x = 0.125, 0.25, 0.375, 0.5) at 293 K

Spin-up channel (1)

Spin-down channel ({)

Compounds Zn-3d Cr-3d O-2p Zn-3d Cr-3d O0-2p
DOS (states/e V/f.u./spin)
ZnO 4.92 - 2.05 4.98 - 2.15
Zn0_375Cr0_125O 4.87 3.96 2.03 4.92 0 2.06
Z10.75Cro.250 4.83 3.86 2.02 4.85 0.13 2.05
Z1.625Crg3750 4.80 3.77 2.07 4.85 0.22 2.06
Zn45Cro 5O 4.90 3.67 2.08 4.93 0.32 2.07
Number of electrons
ZnO 4.91 - 2.04 4.90 - 2.04
Zn0_375Cr0_125O 4.90 3.95 2.04 4.90 0 2.04
Zng75Crg 250 4.90 3.88 2.03 4.90 0.10 2.03
Z10.625Cr0.3750 4.90 3.77 2.03 4.90 0.20 2.03
Zn45Cro 5O 4.90 3.69 2.07 4.90 0.30 2.03
figure). Therefore, Zn,g75Cry 1,50 is metallic in the spin  of Zny-5Cry,5. Therefore, these two compounds

majority channel due to electron contribution at Er pre-
dominantly from the Cr-ds-_. orbital. Considering both
spin channels, Zn, g;5Cr, 1,50 is thereby a half metal.

The next motivation was to optimize the PBS of
Zn, 15C1,50. The calculated Cr-3d PBS for the spin
majority channel are displayed in Figure 4 d—f. It is visi-
ble from this figure that Cr-d,; and d,, orbitals are occu-
pied by one electron each and they are exactly degenerate
(Figure 4 ¢). These orbitals are pushed well below the
Fermi level. The ds-_- orbital is partially occupied and
still touches Fx (Figure 4 /). The occupancy of this orbital
increases slightly compared to the corresponding orbital
of Zngg75Cry1250. The two e, orbitals (d,, and d.-_,>) are
also found to have occupied bonding components and
unoccupied anti-bonding components (Figure 4 d). These
two orbitals remain degenerate, but their bonding compo-
nents touch Fr. Therefore, the leading electron contribu-
tion at Er from the partially occupied Cr-d;-_- orbital is
principally responsible for the metallic behaviour of
Zn, 3,5Cry 1250 in the spin majority channel. Nevertheless,
the scenario changes dramatically in the spin minority
channel. Finite but small contributions of electrons at £
were observed from d,, and de_,. orbitals. These two
orbitals were found exactly degenerate (Figure 4 m) and
just touch Er. Consequently, the material Zn, 75Cr 550 is
a metal. Further, the PBS of Cr-d,,,,, ds- - and d,,/x’—"
orbitals for the spin majority channel of Zng 4,5Cry 3750
and Zn, sCr, 5O are also shown in Figure 4 g—/. The trend
remains the same as that observed for Zn, -5Cr;»s0. The
only difference is that the occupancies of ds- -
orbitals increase slightly, wherecas decrease for dxy/xz—y2
orbitals for the spin majority channel. Besides this, both
systems are observed metallic in the down-spin channels
due to minute contributions of electrons at £ from the
d.,/x’-y" orbitals. Nevertheless, the occupancies of these
states are in increasing order compared to those orbitals
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71, ¢,5Cry 3750 and Zn, sCr, 5O are also metallic.

To be clear of the underlying physics behind the
insulator to half-metal and then half-metal to metal tran-
sition of Cr-doped ZnO for different doping levels, the
total ground state energies (£r), TDOS and number of
electrons are also calculated. It is obvious from Table 1
that £7 decreases drastically with increase in x. This re-
sult indicates that the electron correlation effect increases
rapidly due to increase in Cr concentration. The spin
polarization calculated for x = 0.125, 0.25, 0.375 and 0.5
are 100%, 80%, 75% and 66% respectively. Therefore,
100% spin polarization accompanied by strong dynamical
electron correlation is responsible for the half-metallic
behaviour of Zngg,5Cry1,50. Nevertheless, the spin
polarization of Zng ;5Crtq 55, Zny 6>5C1 3750 and Zn, sCr 5O
are high enough compared to normal metals for which
spin polarization is only 36—47%. It is evident from Table
2 that the number of Cr-3d electrons (nq,) for the spin
majority channel decreases slowly, while nq, increases
gradually for the spin minority channel with increasing
Cr impurities. Therefore, the addition of Cr increases the
electrical conductivity by adding free electron into the
minority spin channel near £r due to high spin polariza-
tions arising from strong dynamical electron correlation.

Magnetic properties of ZnO and Zn, Cr,O
(x =0.125,0.25. 0.375, 0.5)

In this section, the magnetic properties of Zn;_,Cr,O have
been studied extensively. The formal valence of Cr in all
Zn,_Cr,0 (x=0.125, 0.25, 0.375, 0.5) compounds is +2
(Cr’, i.e. the number of d electron is 4 (d*). Further, it is
evident from DOS calculations that electrons in the Zn-3d
orbitals are perfectly paired in opposite spin direction
resulting in zero net magnetic moments. Consequently,
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Calculated partial band structure (PBS) of different orbitals of Cr in doped ZnO. In the spin-up channel, the PBS of

Cr-dxy/x2y, dyzz and d32r2 orbitals are represented respectively, by (a, b, ¢) Zn08mCr012%0, (d, e, f) Zn072Cr0250, (g, h, i)
Zn062Cr03m0 and (/, & /) Zn05Cro50. The PBS of Cr-dxy/x2y2orbitals for the spin-down channel are represented in m, n and o for

Zn0.725Cr0250, Zn0625Cr0370 and Zn05Cr0s0 respectively.

pure ZnO is a non-magnetic insulator. Since the net mag-
netic moments arises from Zn is zero for all Zn1xCrxO
materials, the magnetism of these compounds is primarily
determined by the orientations of Cr-spins. For
Zno.8sCr0.120, it is obvious from the nG and DOS calcu-
lations (Tables 1 and 2) that all the four Cr-3d electrons
are distributed in the spin-up channel. These electrons are
further oriented in the parallel direction and thereby are
coupled ferromagnetically, that results in net Cr-magnetic
moments (Cr) =-3.97 [aB. The FM in this compound
arises from strong Hund’s rule coupling between elec-
trons in the Cr-3d orbitals. For Zn0.sCr0.20, the number
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of up-spin electrons is 3.88 whereas the number of down-
spin electrons is 0.10 resulting in ~ =3.8 |aB. As a re-
sult, Hund’s rule coupling is responsible for the ferro-
magnetism in Zno:sCr, .sO. The number of up and down
spin electrons of Znos:sCros:s0O (0r ZnesCros0) is 3.77
and 0.2 (or 3.69 and 0.30) respectively (Table 2). Sub-
sequently, the net Cr magnetic moments for these two
materials are 3.6 and 3.4 |aB respectively (Table 1). Con-
sequently, Znos.sCros:sO and ZnosCro.sO are also FM.
Eventually, it is merely observed in this study that the
strength of FM decreases with the augmentation of
Cr-concentration. In addition, it is clear from Table 1 that
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Table 3.

Calculated bond lengths and bond angles of pure ZnO and Zn05Cr050 in the

hexagonal wurtzite structure at 293 K

ZnO
Basal
Bond lengths (A)
Zn-0 1.9746 x 3
Cr-0
Zn-Zn 3.2080
Cr-Cr
Bond angles (°)
ZZn-0-Zn 110.70 x 3
ZCr-O-Cr

Figure 5.

the Zn-magnetic moments remain almost zero (-0.01 [aB)
throughout the subtitution process. The O-magnetic mo-
ments increase gradually with increasing Cr content. Inte-
restingly, all O-ions are ferromagnetically coupled with
Cr-ions. It is also observed from the PBS calculations
that the available four Cr electrons are distributed in all
the 3d orbitals due to strong Hund’s rule coupling.
Further, small but gradual increase in the number of
down spins for X >0.25 is observed due to increase in the
Hund’s rule coupling, which is also reflected in the ET
calculations for the doped compounds. It is observable
from Table 1that ET increases significantly due to Cr dop-
ing in ZnO. Thus the repulsive force increases with Cr
impurities, indicating increase in electron correlations.
Therefore, Hund’s rule coupling is responsible for this
augmentation of electron correlations. Therefore, the Cr-3d
electrons align ferromagnetically due to strong electron
correlations accompanied by strong Hund’s rule coupling.

Structural properties 0fZnO and Zn1xCrxO
(x =0.5)

Structures of pure ZnO in the RT wurtzite structure are
presented in Figure 1d. The primitive unit cell of pure
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Apical

1.9857

3.2489

108.202

Zn05Cr050
Basal Apical
1.9824 x 3 1.9564
1.9824 x 3 1.9564
3.2066 3.2467
3.2066 3.2467
109.945 x 3 108.993
109.945 x 3 108.993

Crystal structures of (a) pure ZnO and (b) Zn05Cr050. The Zn, O and Cr atoms are represented by green, red and cyan spheres.

ZnO consists of two Zn and O atoms each. Each Zn atom
has four-fold coordinations with O atoms. These four O
atoms form the regular ZnO4 tetrahedron with Zn at the
centre. In each ZnO4tetrahedron, there is a single apical
O atom (in the c-direction) and three basal O atoms (in
the ab plane). The Zn-O/Zn-Zn bond distances and
ZZn-0-Zn bond angles are reported in Table 3.

Next, concentration has been paid for the crystal struc-
ture of ZnlxCrxO for x = 0.125, 0.25, 0.375 and 0.5 re-
spectively are shown in Figure 5a-d. In these doped
materials, two types of oxygen coordination are detected
in the c-direction causing the formation of ZnO4 and
CrO. tetrahedrons. However, the bond distances and bond
angles remain almost identical up to x = 0.375. Neverthe-
less, only a minute change in the structure is observed for
x =0.5. All the Zn-O, Cr-O, Zn-Zn and Cr-Cr bond
lengths and ZZn-O-Zn and ZCr-O-Cr bond angles of
Zn05Cr050 are given in Table 3. It is evident from this
table that the apical Zn-O bonds lengths reduce by
0.0293 A, while the basal Zn-O bond lengths enhance by
0.0078 A. Furthermore, both Zn-Zn apical and basal
bonds distances shorten by 0.0022 and 0.0014 A respec-
tively. All the ZZn-0O-Zn and ZCr-O-Cr bond angles in
the basal plane are equal (109.945°). The ZZn-O-Zn
bond angle in the apical plane is increased by 0.791° and
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decreased by 0.755° in the basal plane. Therefore, Cr-
doping in pure ZnO invokes a very small structural
distortion which is hard to detect experimentally.

Conclusion

In summary, it is observed that pure ZnO is a nonmagnet-
ic insulator with a band gap 1.9 ¢V. It is found in this
study that each of Zn-3d orbital is occupied by two clec-
trons which are further paired in opposite direction and
responsible for the nonmagnetic insulating behaviour of
ZnO at RT. But the scenario changes significantly for Cr
doping. This material encounters nonmagnetic insulator
to a ferromagnetic half-metal (FHM) and then FHM to a
ferromagnetic metal for x=0.15 and 0.25 respectively.
The FM metallic phase is found to maintain up to x = 0.5.
It is revealed that 100% spin polarization is responsible
for the half-metallic behaviour of Zny5,5Cry1,50. Never-
theless, small but finite electron contributions from the
Cr-d,,.»,» orbitals at £ for the spin-down channel causes
the metallic behaviour of Zn;_Cr,O (x> 0.25). All the
doped materials exhibit ferromagnetism arising from
strong Hund’s rule coupling. However, a small variation
in the Zn—O/Zn—Zn bond distances and £Zn—O-Zn bond
angles caused by Cr doping is responsible for little
structural distortions in Zn;_.Cr,O.
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