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Abstract. We have investigated the electronic structure and half-metallic ferromagnetism of Sr1−xCrxZ
(Z = S, Se, and Te) in rock-salt structure at concentrations x (x = 0.125, 0.25, 0.5, 0.75 and 0.875) of
Cr, using first-principles calculations of density functional theory. The electronic and magnetic properties
show that Sr1−xCrxZ (Z = S and Se) at x = 0.125, 0.25, 0.5, 0.75 and Sr1−xCrxTe at all concentrations are
half-metallic ferromagnets (HMF) with spin polarization of 100% and total magnetic moments of 4μB per
Cr atom, whereas the HMF character destroyed for Sr1−xCrxZ (Z = S and Se) at x = 0.875. The integrals
Bohr magneton of total magnetic moments confirm the half-metallic ferromagnetic behavior of Sr1−xCrxZ.
We have found that the ferromagnetic state is stable by the 3d-eg (Cr) partially filled states associated
with the double-exchange mechanism. Therefore, the Sr1−xCrxS, Sr1−xCrxSe, and Sr1−xCrxTe at low
concentration are predicted to be new potential candidates for spintronic applications.

1 Introduction

Spintronics (spin transport electronics or spin-based elec-
tronics) is a new generation of microelectronics, which
exploits the spin of charge carriers in the emerging field
of promising materials for spin-based multifunctional de-
vices [1–3]. Hence, the diluted magnetic semiconductors
(DMSs) attracted the interest of researchers, since they
represent new properties of promising materials for prac-
tical applications in spintronic devices. In the recent years,
extensive theoretical [4–13] and experimental [14–19] re-
searches have been focused on the investigation and the
discovery of ferromagnetism in the DMSs-based II-VI
and III-V semiconductors in the intention to use them for
spin injection in the spintronic applications. These mate-
rials are promising systems to explore DMSs because they
are characterized by two features needed for spintronic
applications; the Curie temperature above the room tem-
perature and half-metallic behavior [20]. However, the ex-
pected advantage of spintronic devices over the conven-
tional electronic ones would be nonvolatility, increased
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data processing speed, increased transistor density and
decreased power consumption [21].

The II-VI (II = Be, Mg, Ca, Sr, and Ba; VI = O, S, Se,
and Te) alkaline-earth-chalcogenides are very important
semiconductors with large band gaps and valence-band
widths [22]. They form closed-shell ionic systems crystal-
lized in the rock-salt NaCl-type (B1) crystal structure at
ambient conditions, except for BeO and MgTe (crystal-
lized in the wurtzite structure) and the beryllium chalco-
genides (crystallized in the zinc-blende structure) [23–25].
The SrZ (Z = S, Se, and Te) strontium chalcogenides have
attracted increasing interest because they are good mate-
rials for technological applications in the area of catalysis,
microelectronics, luminescent devices, radiation dosime-
try, fast high resolution optically stimulated luminescence
imaging, and infrared sensitive devices [26–28]. Recently,
several theoretical studies have been performed in order
to investigate the half-metallic ferromagnetic properties in
the alkaline-earth-chalcogenides doped with nonmagnetic
elements such as (B, C, and N)-doped AeSr (Ae = Mg,
Ca, Sr, and Ba) [29], (N, P, As, and Sb)-doped AeS (Ae =
Mg, Ca, and Sr) [30], and AeS1−xMx (Ae = Mg, Ca, and
Sr; M = C, Si, Ge, and Sn) [31].
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Fig. 1. The crystal structures of Sr1−xCrxZ (Z = S, Se, and Te): (a) Sr0.875Cr0.125Z with x = 0.125, (b) Sr0.75Cr0.25Z with
x = 0.25, (c) Sr0.5Cr0.5Z with x = 0.5, (d) Sr0.25Cr0.75Z with x = 0.75, and (e) Sr0.125Cr0.875Z with x = 0.875.

To the best of our knowledge, there are no experi-
mental and theoretical studies of electronic and magnetic
properties for Cr-doped SrZ (Z = S, Se, and Te). There-
fore, in this paper, we will investigate the half-metallic fer-
romagnetic properties of Sr1−xCrxZ (Z = S, Se, and Te) at
concentrations x = 0.125, 0.25, 0.5, 0.75 and 0.875 based
on simple model structures of ordered supercells of 16
and 8 atoms, using the first-principle full-potential lin-
earized augmented plane-wave method with the general-
ized gradient approximation functional of Wu and Cohen
(GGA-WC) [32].

2 Method of calculations and optimization
of structures

The calculations of the present study are performed in
the framework of the density functional theory [33,34].
We have employed the full-potential linearized augmented
plane-wave method as implemented in the WIEN2k
code [35]. The generalized gradient approximation func-
tional of Wu and Cohen (GGA-WC) [32] was used for
the exchange correlation potential. The SrS, SrSe, and
SrTe semiconductors have rock-salt (B1) structure with
space group of 225 (Fm-3m), where the Sr atom is lo-
cated at (0, 0, 0) and (Z = S, Se and Te) atom at (0.5,
0.5, 0.5) position, with the experimental lattice constant
of 6.024 Å [36], 6.236 Å [37], and 6.66 Å [38] for SrS,
SrSe, and SrTe, respectively. The concentrations x = 0.125
and 0.25 are realized by substituted of one Sr cation site
at position (0, 0, 0) by one Cr atom in supercell of 16
and 8 atoms, respectively. We get the Sr0.875Cr0.125Z for
x = 0.125 with tetragonal structure of space group 123
(P4/mmm) and Sr0.75Cr0.25Z for x = 0.25 with cubic
structure of space group 221 (Pm-3m). We obtain the
Sr0.5Cr0.5Z supercell of 8 atoms for concentration x = 0.5
by substituted of two Sr cation sites with two Cr atoms.
The concentrations x = 0.75 and 0.875 are obtained by re-
placing three and seven Sr cation sites by three and seven
Cr atoms in supercell of 8 and 16 atoms, respectively.
We acquired the Sr0.25Cr0.75Z for x = 0.75 with cubic

structure of space group 221 (Pm-3m) and Sr0.125Cr0.875Z
for x = 0.875 with tetragonal structure of space group 123
(P4/mmm) as shown in Figure 1.

We take the averages of non-overlapping muffin-tin
radii (RMT) of Sr, S, Se, Te, and Cr in such a way that the
muffin-tin spheres do not overlap. We have expanded the
wave functions in the interstitial region to plane waves
with a cutoff of Kmax = 8.0/RMT (where Kmax is the
magnitude of the largest K vector in the plane wave and
RMT is the average radius of the muffin-tin spheres), and
the maximum value for partial waves inside the atomic
sphere was lmax = 10. While, the charge density was
Fourier expanded up to Gmax = 14 a.u.−1, where Gmax is
the largest vector in the Fourier expansion. For the sam-
pling of the Brillouin zone, we have used the Monkhorst-
Pack mesh [39,40] of (4 × 4 × 4) for SrZ, Sr0.75Cr0.25Z
and Sr0.25Cr0.75Z, (4 × 4 × 2) for Sr0.875Cr0.125Z and
Sr0.125Cr0.875Z, and (4 × 4 × 3) for Sr0.5Cr0.5Z, where
the self-consistent convergence of the total energy was at
0.1 mRy.

The variations of total energies as a function of equilib-
rium volumes are fitted with the empirical Murnaghan’s
equation of state [41] to determine the equilibrium lattice
constants for SrZ and Sr1−xCrxZ (Z = S, Se, and Te) com-
pounds. Our results, various theoretical [42,43] and exper-
imental [36–38] data are given in Table 1. The lattice con-
stants of SrS, SrSe, and SrTe semiconductors are very close
to the experimental values [36–38], and stay in good agree-
ment with theoretical calculations [42,43] of generalized
gradient approximation of Perdew, Burke, and Ernzerhof
(GGA-PBE) [44]. On the other hand, due to better per-
formance of GGA-WC approximation for structural op-
timization [45–47], resulting from the fourth-order gradi-
ent expansion of exchange-correlation functional [32,46],
our results with GGA-WC are better than the theoreti-
cal calculations [42,43] of GGA-PBE method as depicted
in Table 1. Besides, there is some decrease in the lat-
tice constants with increasing Cr concentration for ternary
Sr1−xCrxZ (Z = S, Se, and Te) compared to the binary
SrZ (Z = S, Se, and Te) compounds because the ionic ra-
dius of Cr is smaller than that of Sr atom. We can notice
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Table 1. Calculation of lattice constants (a) for SrZ, and Sr1−xCrxZ (Z = S, Se, and Te) at concentrations x = 0.125, 0.25,
0.5, 0.75, and 0.875.

Compound Concentration (x) a (Å)

Sr1−xCrxS 0 5.988 6.024a , 6.05d, 6.065e

0.125 5.883
0.25 5.791
0.5 5.579
0.75 5.341
0.875 5.229

Sr1−xCrxSe 0 6.204 6.236b, 6.29d, 6. 303e

0.125 6.110
0.25 6.016
0.5 5.808
0.75 5.566
0.875 5.462

Sr1−xCrxTe 0 6.621 6.660c, 6.71d, 6.735e

0.125 6.517
0.25 6.424
0.5 6.211
0.75 5.955
0.875 5.837

a Experimental value from reference [36]. b Experimental value from reference [37]. c Experimental value from reference [38].
d Theoretical values from reference [42]. e Theoretical values from reference [43].

that there are no experimental and theoretical GGA-WC
calculations of lattice constants for Sr1−xCrxZ compounds
to compare with our results. As well, the computed lat-
tice constants are used in the next calculations of elec-
tronic and magnetic properties of Sr1−xCrxZ (Z = S, Se,
and Te).

3 Results and discussions

3.1 Electronic properties

3.1.1 Band structure with half-metallic gap

The spin-polarized band structures along high-symmetry
directions in the first Brillouin zone for Sr1−xCrxS,
Sr1−xCrxSe, and Sr1−xCrxTe at concentration x = 0.125
are displayed in Figures 2, 3 and 4, respectively. They
exhibit half-metallic ferromagnetic behavior with the
majority-spin bands being metallic and the minority-spin
bands being semiconducting. In addition, the band struc-
tures show that majority-spin bands are more in number
than the minority-spin bands due to the p-d exchange
interaction, this creates the half-metallic ferromagnetic
band gaps (Eg) and half-metallic gaps (GHM) in the
minority-spin bands. These comportments are found for
Sr1−xCrxZ (Z = S, Se, and Te) at (x = 0.125, 0.25, 0.5,
and 0.75) and Sr1−xCrxTe at concentration x = 0.875
(Fig. 7), while the Sr1−xCrxZ (Z = S and Se) at x = 0.875
compounds reveal metallic nature for majority and minor-
ity spin as shown in Figures 5 and 6.

Moreover, the half-metallic gap is a very significant
parameter in determining the importance of the diluted
magnetic semiconductor, which is defined as the minimum
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Fig. 2. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.875Cr0.125S. The Fermi level is
set to zero (horizontal dotted line).

between the lowest energy of majority (minority)-spin con-
duction bands with respect to the Fermi level and the ab-
solute value of the highest energy of majority (minority)-
spin valence bands [48,49]. The calculations of Eg (eV) and
GHM (eV) for minority-spin channels are given in Table 2.
The Sr1−xCrxS, Sr1−xCrxSe, and Sr1−xCrxTe compounds
at concentration x = 0.125 have direct half-metallic
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Fig. 3. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.875Cr0.125Se. The Fermi level is
set to zero (horizontal dotted line).

ferromagnetic (HMF) gaps because the Eg is located at
the Γ point of the Brillouin zone. For Sr1−xCrxZ the lo-
calized 3d (Cr) bands broadening as the concentration
of Cr impurity increases, and thus the HMF gap de-
creases with increasing Cr concentration. Figures 5 and 6
of Sr1−xCrxS and Sr1−xCrxSe at higher concentration
x = 0.875 show that the minority-spin conduction bands
dominate the Fermi level due to strong broadening of 3d
(Cr) orbitals in the gap and therefore the half-metallic
character destroyed. In this case the majority-spin and
minority-spin bands are metallic in nature, which means
that Sr0.125Cr0.875S and Sr0.125Cr0.875Se are metallic ma-
terials. In contrast the Sr1−xCrxTe at x = 0.875 (Fig. 7)
reveals that majority-spin and minority-spin bands are
metallic and semiconductor, respectively, this implies that
Sr0.125Cr0.875Te exhibits a half-metallic ferromagnetic be-
havior. Also, Table 2 shows a nonlinear decrease in half-
metallic ferromagnetic gaps and HM gaps of Sr1−xCrxZ
with increasing of concentration (x) of Cr due to the local
electric field and local strain introduced by the magnetic
of Cr impurities [13].

Furthermore the HM gap (GHM) decreases from
Sr0.875Cr0.125S to Sr0.875Cr0.125Se to Sr0.875Cr0.125Te as
shown in Figures 2–4, and it is situated between the high-
est energy of minority-spin valence bands and Fermi level.
Especially, the maximum of the valence bands that con-
tains the p (S, Se, and Te) states moves towards the
Fermi level from S to Se to Te, and hence the half-metallic
gap decreases from Sr0.875Cr0.125S to Sr0.875Cr0.125Se to
Sr0.875Cr0.125Te as the energy level of p (Z) states in-
creases from 3p (S) to 4p (Se) to 5p (Te). Further, the
Sr1−xCrxS at low concentration x = 0.125 has a wider HM
gap, which is located between Fermi level (0 eV) and the
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Fig. 4. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.875Cr0.125Te. The Fermi level is
set to zero (horizontal dotted line).

Table 2. Calculated half-metallic ferromagnetic band gap
(Eg) and half-metallic gap (GHM) of minority-spin bands for
Sr1−xCrxS and Sr1−xCrxSe at concentrations (x = 0.125, 0.25,
0.5, and 0.75) and Sr1−xCrxTe at (x = 0.125, 0.25, 0.5, 0.75,
and 0.875).

Compound Concentration (x) Eg (eV) GHM (eV)

Sr1−xCrxS 0.125 2.381 0.815
0.25 2.081 0.777
0.5 1.796 0.763
0.75 1.378 0.032

Sr1−xCrxSe 0.125 2.141 0.580
0.25 1.870 0.498
0.5 1.651 0.761
0.75 1.241 0.272

Sr1−xCrxTe 0.125 1.687 0.263
0.25 1.456 0.186
0.5 1.246 0.348
0.75 0.824 0.409
0.875 0.652 0.139

top of minority-spin valence bands (0.815 eV) while the
bottom of minority-spin conduction bands is at 1.566 eV.
Therefore, the smallest gaps for generating a hole and
electron in minority-spin are 0.815 and 1.566 eV, respec-
tively, as consequence the minimal energy gap for a spin
excitation is 0.815 eV, which corresponds to a HM gap
of 0.815 eV. Thus, the large HM gap shapes a true half-
metallic ferromagnet, and makes Sr0.875Cr0.125S a best po-
tential material than the other Sr1−xCrxZ (Z = S, Se, and
Te) at x = 0.25, 0.5, 0.75 and Sr0.125Cr0.875Te compounds
for spintronic applications.
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Fig. 5. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.125Cr0.875S. The Fermi level is
set to zero (horizontal dotted line).

3.1.2 Density of states

The calculated of spin-polarized total and partial densi-
ties of states (DOS) for Sr0.875Cr0.125S, Sr0.875Cr0.125Se,
and Sr0.875Cr0.125Te are given in Figures 8–10. They de-
pict half-metallic behavior resulted from metallic majority
spin and semiconducting minority spin that leads to spin
polarization of 100% at Fermi level. We found a similar be-
havior for Sr1−xCrxZ (Z = S, Se, and Te) at concentrations
x = 0.125, 0.25, 0.5, 0.75 and Sr1−xCrxTe at x = 0.875.
Besides, the effect of the octahedral crystal field formed
by surrounding (S, Se, and Te) ligands splits the five-fold
degenerate 3d states of the free Cr ion into twofold gen-
erate threefold degenerate low-lying t2g(dxydxz and dyz)
and high-lying eg(dz2 and dx2−y2) symmetry states. Also,
the energy of eg states is higher than the energy of t2g

states, indicating that Cr ion is situated in the octahedral
surroundings.

Figures 8–10 of DOS show that the lower part of va-
lence bands of two spin channels originated from the con-
tributions of p (S, Se, and Te) states, and the upper part
of valence bands of the majority spin around the Fermi
level are mainly dominated by the peak of 3d (Cr) and
the p (S, Se, and Te) states. Then, we depicted that
the top of valence bands of majority spin and the bot-
tom of conduction bands of the minority spin are prin-
cipally formed by the strong hybridizations between 3d
(Cr) and p (S, Se, and Te) band carriers of host semi-
conductors. This creates some bands in the host valence
bands; the bonding (tb) and the non-bonding (e) states
in the valence bands, and the anti-bonding states (ta) in
the band gap. Further, the anti-bonding states are char-
acterized by the strong hybridizations between p (S, Se,
and Te) and 3d-eg (Cr) partially filled states that cross
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Fig. 6. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.125Cr0.875Se. The Fermi level is
set to zero (horizontal dotted line).

the Fermi level. We understand that the stabilization of
ferromagnetism is explained by a double-exchange mech-
anism [50] when the 3d-eg (Cr) localized anti-bonding
states are partially occupied. This suggestion for ferro-
magnetism of octahedrally bonded Cr in the Sr1−xCrxZ
(Z = S, Se, and Te) doping systems is analogous to the one
proposed by Sato et al. [51–53] for ferromagnetism in the
case of tetrahedrally bonded of transition metals (TM)-
doped III-V and II-VI semiconductors when the 3d-t2g

(TM) anti-bonding states are partially occupied.

3.2 Magnetic properties

3.2.1 Magnetic moments

The calculated total and local magnetic moments per Cr
atom within the muffin-tin spheres of the relevant (Sr,
S, Se, Te, and Cr) atoms and in the interstitial sites for
Sr1−xCrxS, Sr1−xCrxSe, and Sr1−xCrxTe at different con-
centrations are listed in Table 3. The Cr atom contributes
two electrons to bonding of host valence band semicon-
ductor resulting in Cr+2 ion, as consequence the electronic
configuration of 3d (Cr) in Sr1−xCrxZ is (d4 − t32ge

1
g). Ac-

cording to the Hund’s rule, the 3d (Cr) orbitals are empty
minority spin whereas they are partially filled by four
electrons for majority spin. For each of Sr1−xCrxS and
Sr1−xCrxSe at concentrations x = 0.125, 0.25, 0.5, 075 and
Sr1−xCrxTe at x = 0.125, 0.25, 0.5, 075, and 0.875 mate-
rials, the four electrons provide a total magnetic moment
of 4μB (μB is the Bohr magneton) per Cr atom, this con-
firms the half-metallic behavior of Sr1−xCrxZ systems. In
distinguish, the Sr1−xCrxS and Sr1−xCrxSe at higher con-
centration x = 0.875 are metallic (Figs. 5 and 6), which is
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Table 3. Calculated total and local magnetic moments per Cr atom (in Bohr magneton μB) within the muffin-tin spheres and
in the interstitial sites for Sr1−xCrxZ (Z = S, Se, and Te) at concentrations x = 0.125, 0.25, 0.5, 0.75, and 0.875.

Compound Concentration (x) Tot. (μB) Cr (μB) Sr (μB) Z (μB) Interstitial (μB)
Sr1−xCrxS 0.125 4.000 3.891 0.004 −0.221 0.326

0.25 4.002 3.821 0.007 −0.171 0.345
0.5 4.001 3.784 0.008 −0.108 0.317
0.75 4.002 3.735 0.004 −0.053 0.316
0.875 3.973 3.614 0.002 −0.037 0.394

Sr1−xCrxSe 0.125 4.000 3.919 0.003 −0.277 0.355
0.25 4.003 3.847 0.005 −0.228 0.379
0.5 4.002 3.816 0.006 −0.154 0.334
0.75 4.004 3.776 0.005 −0.095 0.318
0.875 3.986 3.726 0.001 −0.083 0.342

Sr1−xCrxTe 0.125 4.000 3.977 −0.003 −0.250 0.278
0.25 4.002 3.921 0.003 −0.224 0.302
0.5 4.002 3.888 0.004 −0.198 0.311
0.75 4.001 3.811 0.003 −0.136 0.323
0.875 4.000 3.787 0.001 −0.117 0.329
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Fig. 7. Spin-polarized band structures of majority spin (up)
and minority spin (dn) for Sr0.125Cr0. 875Te. The Fermi level is
set to zero (horizontal dotted line).

reasonable that their magnetic moments are not integers
as shown in Table 3. The major contribution of total mag-
netic moment comes from the local magnetic moment of
Cr, which is smaller than the predicted Hund’s rule value
of 4μB due to the large p-d hybridization. The negative
local magnetic moments of (Z = S, Se, and Te) reveal
the anti-ferromagnetic interaction between Cr magnetic
spins and the induced magnetizations at S, Se, and Te an-
ions, while the positive magnetic polarizations at the Sr
sites show the ferromagnetic interaction between Sr and
Cr spins. Also, the anti-ferromagnetic interaction is ini-
tialized between Sr and Cr spins for Sr1−xCrxTe at con-
centration x = 0.125.
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Fig. 8. Spin-polarized total and partial DOS of (5s) of Sr, (3p)
of S, and (3d, 3d-t2g, 3d-eg) of Cr in supercell of Sr0.875Cr0.125S.
The Fermi level is set to zero (vertical dotted line).

3.2.2 Exchange coupling

Finally, the half-metallic ferromagnetic band structures
can be used to compute two important parameters,
the s-d exchange constant N0α (conduction band) and
the p-d exchange constant N0β (valence band), these pa-
rameters can be determined directly from the following
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Table 4. Calculated conduction and valence band-edge spin-splitting ΔEc and ΔEv, and exchange constants N0α and N0β for
Sr1−xCrxS and Sr1−xCrxSe at concentrations x = 0.125, 0.25, 0.5, 0.75 and Sr1−xCrxTe at x = 0.125, 0.25, 0.5, 0.75, 0.875.

Compound Concentration (x) ΔEc (eV) ΔEv (eV) N0α N0β
Sr1−xCrxS 0.125 0.147 –0.339 0.588 –1.356

0.25 0.379 –0.031 0.758 –0.062
0.5 0.281 –0.149 0.281 –0.149
0.75 1.275 –0.932 0.850 –0.621

Sr1−xCrxSe 0.125 0.402 –0.048 1.608 –0.192
0.25 0.781 –0.024 1.562 –0.048
0.5 0.225 –0.035 0.225 –0.035
0.75 0.640 –0.461 0.427 –0.307

Sr1−xCrxTe 0.125 0.414 –0.024 1.656 –0.096
0.25 0.959 –0.036 1.918 –0.072
0.5 0.264 –0.051 0.264 –0.051
0.75 0.141 –0.024 0.094 –0.016
0.875 0.230 –0.276 0.131 –0.158
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Fig. 9. Spin-polarized total and partial DOS of (5s) of Sr,
(4p) of Se, and (3d, 3d-t2g, 3d-eg) of Cr in supercell of
Sr0.875Cr0.125Se. The Fermi level is set to zero (vertical dotted
line).

mean-field theory expressions [54,55]:

N0α =
ΔEc

x〈s〉 (1)

N0β =
ΔEv

x〈s〉 (2)

where ΔEc = E↓
c − E↑

c is the conduction band-edge
spin-splitting and ΔEv = E↓

v − E↑
v is the valence
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Fig. 10. Spin-polarized total and partial DOS of (5s) of
Sr, (5p) of Te, and (3d, 3d-t2g, 3d-eg) of Cr in supercell of
Sr0.875Cr0.125Te. The Fermi level is set to zero (vertical dotted
line).

band-edge spin-splitting at the Γ symmetry point, (x) is
the concentration of Cr, and 〈s〉 is half of the computed
magnetization per Cr ion [54,55].

The calculated exchange constants N0α and N0β for
Sr1−xCrxZ (Z = S and Se) at concentrations x = 0.0125,
0.25, 0.5, 0.75 and Sr1−xCrxTe at x = 0.0125, 0.25, 0.5,
0.75, 0.875 are listed in Table 4. It shows that at all con-
centrations of Cr the exchange constants N0α are posi-
tive whereas the N0β are negative. However, the exchange
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interaction between the Cr spins and the electron carriers
of conduction bands is explained by the N0α, while the
N0β constants describe the exchange interaction between
the Cr spins and the holes of valence bands. The negatives
N0β and positives N0α suggest the antiparallel and paral-
lel spins, respectively. From our results, it is found that the
anti-ferromagnetism and ferromagnetism are respectively
attributed to the p-d exchange and s-d exchange coupling

4 Conclusion

The first-principles calculations of the density functional
theory within the full-potential linearized augmented
plane-wave method and generalized gradient approxima-
tion functional of Wu and Cohen were used to investigate
the electronic and half-metallic ferromagnetic properties
of Sr1−xCrxZ (Z = S, Se, and Te) at concentrations
x = 0.125, 0.25, 0.5, 0.75, 0.875 in rock-salt phase. We
reach that Sr1−xCrxZ (Z = S, Se, and Te) at x = 0.125,
0.25, 0.5, 0.75 and Sr1−xCrxTe at x = 0.875 exhibit a
half-metallic ferromagnetic behavior with spin polariza-
tion of 100% at Fermi level, while the Sr1−xCrxS and
Sr1−xCrxSe at x = 0.875 show a metallic feature. The
ferromagnetic ground state is stable by the 3d-eg (Cr)
partially filled states associated with the double-exchange
mechanism, and it is found that Sr1−xCrxS at low con-
centration x = 0.125 depicts higher half-metallic gap of
0.815 eV compared with other compounds. Therefore,
the Sr0.875Cr0.125S is predicted to be a best promising
candidate to explore half-metallic ferromagnetism for the
practical applications of spintronic devices.

All authors contributed equally to this paper.
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