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a b s t r a c t

Total energy and electronic structure calculations for �′-Fe4N and CoFe3N in the anti-perovskite crystal
structure have been performed to understand the structural stability and magnetism using plane-wave
pseudopotential method. The virtual crystal approximation (VCA) was used to study order/disorder to
examine the effect of the substitution of Co for Fe on the structural stability in CoFe3N alloy. The results
show that CoFe N energetically prefers ordered configuration for Co atoms occupying the corner position.
eywords:
erovskite nitrides
agnetism
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tructural stability

3

Moreover, the substitution of Co for Fe at corner sites does slightly change the lattice constant, whereas
it increases bulk modulus and could hardly changes the ductility. To reveal the role of nitrogen in �′-Fe4N
and CoFe3N, the Mulliken charge and bond population are used as a measure of charge transfers and an
analysis of the covalency of these systems, respectively. It turns out that the further distant atoms from
the N atom have the larger magnetic moment for �′-Fe4N and CoFe3N, due to the spin-down electrons

toms
transfer from the corner a

. Introduction

Iron nitride possesses particular magnetic properties that
nclude high saturation magnetization and low coercivity over pure
ron and good mechanical and corrosion resistance [1–3]. So it
as received much attention as a promising material for several
pplications, e.g., high density magnetic recording material, hard
nd wear-resistant materials [4–6]. �′-Fe4N belongs to the anti-
erovskite crystal structure, where the iron atoms occupy the two
onequivalent sites, namely, the corner (c) sites and face-centered
f) sites, while the nitrogen atoms sit at the body-centered (b) posi-
ions. It can also be seen as �′-Fe (FCC) where nitrogen has been
nserted at the b sites. The main roles of nitrogen are discussed
n enhancing the iron moment and raising the Curie temperature
y Coey and Smith [7], whereas physical origin of the change of
agnetic moment for nitrogen doping is still in debate.
In order to improve the corrosion resistance and magnetic prop-

rties of �′-Fe4N, various elements, e.g., Mn, Ni, Ir, Rh, etc., are used
s a substitution for Fe [8,9]. It has been seen that Mn is a valuable
ubstitution for Fe in �′-Fe4N because of its control over particle
ize during the processing [10]. The interest of Ni lies primarily in
ts improved corrosion resistance over pure �′-Fe4N. Also, the sub-

titution of Ni for Fe does not change the saturation magnetization
ignificantly compared to the other substituents such as: Mn, Sn,
u, Os, Nd, etc., and exhibits better magnetic and electrical prop-
rties over pure iron [11]. All of Fe, Mn, Ni and Co belong to 3d
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magnetic elements, and are similar in metallic radius. So the mag-
netic properties of Co ions excite our interest in the effects of the
substitution of Co for Fe on the magnetic properties of the �′-Fe4N
compounds. And the experimental results of Wang et al. showed
a very high saturation magnetization of Fe, Co, N films [12]. Until
now, it is difficult to obtain ordered CoFe3N from the experimental
studies [13–15].

The aim of the present work is to assess the structural stabil-
ity, magnetism, the chemical role of nitrogen within �′-Fe4N and
CoFe3N and the effect of Co substitution for Fe at the cube c sites.
The paper is organized as follows. Section 2 describes some tech-
nical details about the model and methodology applied. Section 3
reports and discusses the results. Section 4 draws some conclusions.

2. Calculation model and methods

All calculations were performed in the framework of density functional theory
[16] within the generalized gradient approximation (GGA) using the Perdew–Wang
(PW91) [17] exchange correlation potential, and utilizing the plane-wave total
energy pseudopotential method as implemented in Castep code [17,18]. The
ion–electron interaction is modeled by ultrasoft pseudopential in the Vanderbilt
form [19]. Using these methods, satisfactory results have been received in other
studies [20,21]. The valence atomic configurations are 3d64s2 for Fe, 3d74s2 for
Co and 2s22p3 for N atom. For the 5-atom unit-cell calculations, the cutoff energy
of plane-waves was set to 400 eV and a k-point mesh 6 × 6 × 6 was used. Geom-
etry optimizations were performed using the Broyden–Fletcher–Goldfarb–Shanno
(BFGS) method [22]. Atomic relaxations were considered to be converged when the
residual forces were smaller than 5 × 10−5 Pa.
Within the ultrasoft pseudopotential method it is possible to formulate a virtual
crystal approximation (VCA) which can be used to study order/disorder and solid
solutions [23]. This positional disorder is typically manifested in site occupancy fac-
tors of less than unity for the average unit cell. In the VCA, atomic sites in a crystal can
be described in terms of a hybrid atom that consists of two or more element types.
This approach is complementary to the configurational approach in that it does not

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:jiangjj@mail.hust.edu.cn
dx.doi.org/10.1016/j.jallcom.2009.01.103
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of Co and Fe for nitrogen has little relation the crystal constant,
but it has great effect on the magnetic property of the compound.
In the following, we only considered this ordered c(Co)f(Fe3)b(N)
configuration (x = 0) within the substitution of Co for Fe in �′-Fe4N.
ig. 1. Crystal structure of �-Fe, �′-Fe4N, c(Fe)f(CoFe2)b(N), c(Co)f(Fe3)b(N). Large
mpty spheres: Fe; large black spheres: Co, smaller black spheres: N.

equire the use of supercells. The implementation of the VCA follows the description
f Bellaiche and Vanderbilt [24]. To understand the effects of the substitution of Co
or Fe on structural stability of the �′-Fe4N, the VCA was used to study order/disorder.
or each order/disordered structure, the geometry optimization was first performed
o find its ground state, as well as other physical properties. The Mulliken charges
nd bond populations were investigated using a projection of the plane-wave states
nto a linear combination of atomic orbitals (LCAO) basis set [25,26], which is widely
sed to perform charge transfers and populations analysis.

. Results and discussion

.1. Structure stability

We started the geometry optimization of �′-Fe4N structure
ith a lattice constant from experiment: a = 3.790 Å [27]. The

alculations were carried out for both spin-polarized (SP) and
on-spin-polarized (NSP) configurations. The resulting structure
as found to be cubic with equilibrium lattice constants: aSP(�′-

e4N) = 3.761 Å, aNSP(�′-Fe4N) = 3.651 Å, with an energy difference
f �E(SP–NSP) = −1.22 eV per formula unit (f.u.) favoring the SP
onfiguration. Calculated lattice constant of �′-Fe4N for SP config-
ration is only 0.7% smaller than the experimental value of 3.790 Å.
o examine the effect of nitrogen on the structure and magnetiza-
ion of �′-Fe4N, the structure of �-Fe for SP configuration was also
tudied. The lattice parameter a is 3.598 Å. Due to the N insertion
n the b site of �-Fe, the volume expansion is about 14.2%, which is
maller than the experimental value of Lord’s [28].

In order to obtain stable structure of CoFe3N, we analyzed the
tomic ordering of the Fe and Co atoms over the c and f sites.
n the VCA a virtual atom is created by taking the average of the
toms occurring at the lattice sites. In the present case an aver-
ge of Fe and Co is taken for different concentrations x, so the
otal energies of statistically disordered compounds are designated
(CoxFe1−x)f(Co1−xFe2+x)b(N).The Wyckoff superscripts indicate the
ositions in the disordered phase. They are compared with the two
rdered configurations: the Co atom may either exclusively replace

c f b
ne of the three facial Fe(f) atoms, (Fe) (CoFe2) (N) see Fig. 1c and
o may substitute for the corner Fe(c) atoms, c(Co)f(Fe3)b(N) see
ig. 1d. The numerical results are given in Fig. 2 as relative ener-
ies with respect to the ordered configurations, c(Co)f(Fe3)b(N). At
= 0.5, the disordered compound has highest energy, which implies
Fig. 2. Total energy as a function of Co concentration x at c sites. The dashed hori-
zontal line indicate the total energy of c(Fe)f(CoFe2)b(N) structure.

instable configuration, whereas the two ordered compounds have
relative lower energy than disordered one, indicating that they may
be stable phase.

The total energy versus volume curve for SP and NSP configura-
tions for the ordered structures mentioned in Fig. 1 are displayed
in Fig. 3. The ferromagnetic state (FM) is largely preferred over the
nonmagnetic one in the two ordered configurations. The average
total energy of the FMc(Fe)f(CoFe2)b(N) is about 0.178 eV/f.u. higher
than that of FM1a(Co)3c(Fe3)1b(N) at all atomic volumes consid-
ered, indicating that CoFe3N energetically prefers to yield the latter,
namely, for Co atoms, the c position is the optimum choice. Two fac-
tors, namely, the relative affinity of Co and Fe for nitrogen and the
differences in atomic sizes, simply interpret the atomic ordering.
The size of the c position is estimated as 1.42 Å whereas the value
for the f site is only 1.28 Å [29]. Table 1 shows the substitution of Co
for Fe(c) do hardly change the lattice constant, due to their similar-
ity of the metallic radius of Co to that of Fe (1.25 Å). Relative affinity
Fig. 3. Total energy of two ordered configurations of c(CoxFe1−x)f(Co1−xFe2+x)b(N) at
x = 0 and 1, respectively. Open symbols denote nonmagnetic state and filled symbols
denote the ferromagnetic state.
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Table 1
Theoretical lattice constants a (Å), Elastic constants (GPa), effective isotropic elastic moduli (GPa), spin magnetic mement Ms (�B/f.u.) and local magnetic mements (�B/atom)
and total density of states at the Fermi level N(Ef) (in units of states/eV/f.u.) The value in bracket is the magnetic moment of Co atom at F site.

Material a c11 c12 c44 B G B/G E � Ms uc uf N(Ef)

�-Fe 3.598 68 275 −26 206 −57 −3.6 −188 0.65 10 2.5 2.5 4.0
�
�
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-Co 3.555 274 176 143 209 105
′-Fe4N 3.761 306 99 47 168 70
(Fe)f(CoFe2)b(N) 3.732 341 71 49 161 83
(Co)f(Fe3)b(N) 3.751 376 118 59 204 87

.2. Elastic constants

The elastic constants were calculated on the basis of the results
f the geometry optimization. We obtained all the elastic constants
y an application of an appropriate deformation of the unit cell
nd some estimate of the appropriate effective isotropic modulus.
t is well known that the elastic behavior of a cubic crystal is com-
letely described by three independent constants c11, c12, and c44.
he bulk modulus B is defined by a linear combination of the elastic
onstants B = (c11 + 2c12)/3, which represents the resistance to vol-
me change and is related to the overall atomic binding properties

n a material, while the shear modulus G = (c11 − c12 + 3c44)/5 rep-
esents the resistance to plastic deformation. The elastic modulus
ensor of an isotropic elastic material has only two independent
alues, which are usually given as any two of the set: the Young′s
odulus E, the Poisson′s ratio �, the bulk modulus B, and the shear
odulus G. The following equations show the relationship between

hese parameters [30]:

= 9BG

3B + G
, � = 3B − 2G

2(3B + G)

Table 1 shows all elastic constants of �-Fe, �-Co, �′-Fe4N, CoFe3N
rom the theoretical calculations. The mechanical stability of the
rystal asks that B, c44, and (c11 − c12) are all positive constants [31].
ccording to them, the results in Table 1 imply that �-Fe is not sta-
le, whereas the �′-Fe4N and c(Co)f(Fe3)b(N) are relatively stable,

.e., the insertion of N atoms into the Fe lattice can yields stable
nti-perovskite crystal structure. In addition, the bulk modulus of
′-Fe4N is 167 GPa, which gives a deviation of 16% between our the-
retical value and the experimental data (198 GPa) [32]. The elastic
odulus of CoFe3N compounds are substantially higher than �′-

e4N, due to stronger directional bonding between Fe (f) and N and
ower local magnetic moments for Co(f) atoms. Söderlind et al. [33]
hink that the reason for lower bulk modulus of �′-Fe4N compared
o the ternary nitrides is likely of a magnetic nature: In SP phases,
nly one spin channel contributes to bonding.

An effective isotropic Poisson’s ratio � can be deduced as a mea-
urement of the material to resist shear. It is also associated with the
olume change during uniaxial deformation. Our calculated Pois-
on’s ratio � is given in Table 1 for all mentioned compounds. The
ighest value of Poisson’s ratio � is 0.65 for �-Fe, which is not reli-
ble due to the structural instability. It has been proved that 0.25 is
he lower limit of � for central-force solids and 0.5 is the upper limit,
hich corresponds to infinite elastic anisotropy. The high � value

substantially higher than 0.25) for �′-Fe4N and c(Co)f(Fe3)b(N)
ndicates that the interatomic forces in the compound are central.
t has been suggested that the B/G ratio is related to the brittleness
f the material with lower values suggesting that material is more
rittle – Pugh [34] suggesting that when B/G > 1.75 the material has
uctile features when B/G < 1.75 the material shows brittle char-
cter. Our calculated B/G value for �′-Fe4N and c(Co)f(Fe3)b(N) is

etween 2.3 and 2.4 and it is higher than those of the constituent
lements and the average value based on the rule of mixtures. The
arge B/G value due to the weak coupling between Fe–N and Fe–M
ayers (giving a small C44) suggests rather ductile, as well as strong
oupling within Fe–N layers (giving large bulk modulus) [14,15].
2.0 270 0.28 6.88 1.72 1.72 3.7
2.4 184 0.32 9.76 2.96 2.24 4.6
1.9 213 0.28 8.20 3.04 2.02 (1.08) –
2.3 229 0.31 8.77 1.76 2.32 5.2

The results suggest that �′-Fe4N and c(Co)f(Fe3)b(N) may therefore
be ductile.

3.3. Electronic band structure

The SP electronic energy bands of the �′-Fe4N and CoFe3N com-
pounds are shown in Fig. 4. The bands corresponding to the spin-up
(↑) and spin-down (↓) electrons spin apart are due to the exchange
coupling between the electrons. In fact, the splitting width of the
energy level indicates the strength of the exchange splitting, which
reflects the strength of exchange interaction between the magnetic
ions. In the present case the 45 bands near Fermi level are con-
sidered. The statistical average of exchange splitting is obtained
from the band calculation, which is the result of self-consistent
field calculations. Fig. 4(a) and (b) shows the exchange splittings
�x = Ei↑ − Ei↓ are positive. The statistical average value of exchange
splitting is 1.29 eV for �′-Fe4N and 1.16 eV for CoFe3N. The Curie
temperature of the binary compound consisting of magnetic ions
A and B can be expressed as Tc = Z(n2

AJAA + n2
BJBB + 2nAnBJAB)/2k,

which had been described in ref. [35]. Because the N atoms are
slightly SP, the expression can be approximately used for the �′-
Fe4N and CoFe3N compounds. According to the expression, the
Curie temperature Tc decreases with decreasing exchange interac-
tion between magnetic ions. The substitution of Co for Fe reduces
the statistical average of exchange splitting and results in the
decrease of Tc. In fact, the statistical average value of exchange split-
ting is 1.85 eV for �-Fe, which is larger than that of �′-Fe4N and
CoFe3N. This indicates that the N insertion in the b sites of �-Fe
effectively screens the exchange interaction between the magnetic
ions.

Fig. 4(a) and (b) shows that the changes of bands mainly appear
near the Fermi level. The ↓ bands cut the Fermi level, which is
stronger 3d character than the ↑ band. One notes that for �′-Fe4N,
0.6 eV and 0.8 eV gap appear for ↑ states as a pseudogap in the
present band structure, respectively. And for CoFe3N, 0.3 eV and
0.4 eV gap appear for ↑ states as a pseudogap in the present band
structure, respectively. It is interesting to note that for CoFe3N, the
Fermi level lies in the up vicinity of the pseudogap for the ↑ DOS,
which is similar to that of �′-Fe4N. Note that the Fermi energy
passes through the gap in the ↑ DOS and the system behaves as
half-metallic.

The TDOS of �′-Fe4N and CoFe3N are shown in Fig. 5(a) and (b),
respectively. The number of ↑ electrons exceeds that of ↓ electrons,
which causes the distribution of DOS to be asymmetric, so that the
ferromagnetism is induced. The PDOS between −8.5 and −5 eV in
Fig. 5(a) and (b) are mostly due to N sp states, which have obviously
different contribution to TDOS. This also implies different electron
density contour of N ions in �′-Fe4N and CoFe3N. The PDOS between
−5 eV and 2 eV are mostly due to Fe 3d states for �′-Fe4N. Fig. 5 also
shows the 3d electrons of a Co(c) atom give even more prominence

to the contribution of the peak at Ef, i.e., near upon double than that
of a Fe(f) atom. Two compounds show an obviously difference in the
↓ DOS. These facts explain the differences in local moments dis-
cussed at the beginning of Sections 3 and 4. In fact, the N sp orbitals
more strongly hybridize with Fe (f) 3d than Fe (c) 3d. And the feature
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ig. 4. Spin-polarized electronic energy band of (a) �′-Fe4N and (b) CoFe3N in the sel
and, and the solid line indicate the spin-down band.

f local densities of metal atoms in �′-Fe4N is considerable different
epending on the site. N(Ef) presented in Table 1 is the TDOS per
.u. at Ef N(Ef) for CoFe3N is 5.2 states/f.u., which is larger than 4.6
tates/f.u. for �′-Fe4N. According to the generalized Stöner model
ondition [36], the Stöner factor IN(Ef) of CoFe3N is 1.92, which is
arger than that of �′-Fe4N, indicating a stable ferromagnetism.

The effective ionic valences listed in Table 2 are defined to be the
ifference between the formal ionic charge and the Mulliken charge
n the anion species in the crystal. It is also used as a measure of
onicity; a value of zero implies an ideal ionic bond while values

reater than zero indicate increasing levels of covalency [26]. In
act, in �′-Fe4N and CoFe3N compounds, the bonding types include
ovalent, ionic, and metallic character. The atoms at the cube cor-
ers, such as Fe(c) or Co, have a low net charge (−0.08 eV) while
he Fe(c)–Fe(f) or Co(c)–Fe(f) bond has high overlap populations,

Fig. 5. Total and partial densities of states for (a) �′-
highsymmetry directions in the Brillouin zone. The dashed line indicate the spin-up

which indicates the bonds have obviously metallic character. We
find that the numbers of valence electrons of Fe and Co are not
integers, which implies that the cohesive bond is no longer purely
metallic, and a nonmetallic component (ionic or covalent) has been
added to it; they constitute a set of stable bonding orbitals. Table 2
shows the overlap populations for nearest neighbors in the crys-
tal. Positive and negative values indicate bonding and antibonding
states, respectively, and a value close to zero indicates that there
is no significant interaction between the electronic populations of
the two atoms. For example, in �-Fe the overlap population between

next-nearest Fe(f)–Fe(f) neighbor is −0.16 eV while in �′-Fe4N and
CoFe3N these populations are −0.61 and −0.65 eV, respectively. This
indicates that the strong antibonding interaction between atoms in
the second coordination shell is stronger in �′-Fe4N and CoFe3N
than in �-Fe. A high overlap indicates a high degree of covalency

Fe4N, (b) CoFe3N. The Fermi energy is at zero.
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Table 2
Atomic Mulliken charges valence charges and the overlap populations of bonds in �-Fe and iron nitride.

Material Atom Mulliken charge (|e|) Effective valence (|e|) bond Overlap populations (|e|) bond length (Å)

�-Fe Fe 8 0 Fe–Fe −0.16 2.547

�′-Fe4N N 5.75 −0.75 N–Fe(f) 0.62 1.880
Fe(f) 7.72 0.28 Fe(f)–Fe(f) −0.61 2.659
Fe(c) 8.08 −0.08 Fe(c)–Fe(f) 0.52 2.659

C N–Fe(f) 0.60 1.876
Fe(f)–Fe(f) −0.65 2.653
Co(c)–Fe(f) 0.51 2.653
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Fig. 6. The local DOS of face-centered and corner atoms change with the inclusion
of the N atom, and electrons of the spin down states transfer in �′-Fe4N and CoFe3N.
The solid arrowheads denote the transfer of the 3d ↓ electrons due to the N insertion.
The dashed arrowheads denote the intra-atomic charge transfer that increases the
magnetic moment, which relate to the distance between magnetic atoms.
oFe3N N 5.76 −0.76
Fe(f) 7.72 0.28
Co(c) 9.08 −0.08

n the bond [26]. It is also found that the N–Fe(f) in �′-Fe4N has
slightly higher overlap than one in CoFe3N, whereas the N–Fe(f)
ond lengths has reverse trend, due to stronger interaction between
e atoms than between Co and Fe atoms.

.4. Magnetic properties

For �′-Fe4N at equilibrium volume, the calculated local mag-
etic moment are 2.96 �B and 2.24 �B for c and f site, respectively.
he saturation magnetic moment per f.u. is 9.762 �B. The values are
onsistent with previous theoretical studies based on FPLAPW, i.e.
.98 �B at c site and 2.23 �B at f site [37]. For CoFe3N, the ground
tate is ferromagnetic and a comparison with �′-Fe4N nitride shows
hat the magnetic moment of Fe(f) atoms has a relative larger value
han that of the same site in �′-Fe4N. Table 1 also shows a smaller

agnetic moment of Co(c) atoms for CoFe3N lead to a slightly low
agnetic moment per formula unit. Comparing with other substi-

uted iron nitrides, the substitution of Co gives the higher magnetic
oment per formula unit and this is close to the value of the �′-

e4N.
The f and c atoms are equivalent in �-Fe, however, and nonequiv-

lent in �′-Fe4N and CoFe3N. It should be marked that the more
istant c atoms from the N atom, Fe(c) for �′-Fe4N, Co(c) for CoFe3N,
ave the larger 3d hole in the ↓ states, which the ↑ states of the sites
re almost occupied. It is related to the bonding nature between
atom and surrounding Fe atoms. The electronic interference by

he N atoms leads to the redistribution of the ↓ electrons, yielding
he variance of the moments on surrounding atoms. The 3d levels,
specially the ↓ states of f atoms are lowered through the hybridiza-
ion with a part of the N 2p state located around the Ef and in turn
he 3d ↓ state of the c atoms are raised conversely. This electronic
onding feature is strongly responsible for the variation of the local
agnetic moments of each atom site in the iron nitride system,
hich can be interpreted by the Mulliken charges and bond popu-

ations. As a result, the ↓ electrons transfer from the c atoms to the
atoms. This means to reduce the difference in occupancy of the
d ↑ and ↓ band for f atoms and to increase the difference in occu-
ancy of the 3d ↑ and ↓ band for c atoms. That is, the N atoms in
ubic lattice enhance the magnetic moments of the most distance
atoms, and decrease the magnetic moments of the nearest neigh-
or f atoms. Fig. 6 summarizes the mechanisms of the change of
agnetic moment.
To investigate the sensitivity of the magnetic moment against

attice spacing for the �′-Fe4N and CoFe3N, namely, to simulate
ressure effect on the magnetic moment, we calculated the mag-
etic moments at several lattice parameters. Fig. 7 presents the
ehavior of the magnetic moments as a function of pressure for
hese nitrides (or equivalently with volume). Earlier investiga-
ion has shown that there is a transition from “low moment-low

olume′ ′ to “high moment-large volume′ ′ for �′-Fe4N [38]. In
oFe3N at low pressure, ferromagnetism remains practically unal-
ered with cobalt substitution, similar to the case of �′-Fe4N. At high
ressure, drastic variations of the magnetic moment are observed

ncluding a transition from ferromagnetic to nonmagnetic state
Fig. 7. The magnetic moments as a function of pressure at Fe(c) and Fe(f) for �′-Fe4N
and Co(c) and Fe(f) for CoFe3N.
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or CoFe3N. That is to say there is a collapse of the magnetic
oment with extreme high pressure (>100 GPa) for CoFe3N. The

henomenon is also observed in other substituted iron nitrides
nd is in good agreement with the experimental results on ther-
al expansion and forced magnetostriction, and applied pressure
össbauer spectroscopy [32].
Fig. 7 shows that the effect of volume expansion is very great on

he magnetic moment of f atoms, however, it is very small for that of
atoms. The increased distance between magnetic atoms leads to
lectrons transferring from the 3d ↓ band to 3d ↑ band. These mech-
nisms have been described in Fig. 6. Hence, contrary to the other
etallic substitute (Ti), the substitution of Co for Fe have great mag-

etic moments at equilibrium volume, and the magnetic moments
emain finite with the large range of volume, indicating the ferro-
agnetic stability. Thus, the CoFe3N is ferromagnetic with a great
agnetic per formula unit (∼=8.77 �B) at low pressure. However, at

igh pressure, the magnetic moments of Co(c) and three Fe(f) atoms
ave abruptly change to zero.

. Conclusions

We have carried out first-principles total energy and electronic
tructure calculations for �′-Fe4N and CoFe3N. The results show
hat the insertion of N atoms into the Fe lattice can yields stable
nti-perovskite crystal structure and lead to the redistribution of
he ↓ electrons, thus the variance of the magnetic moments on
urrounding atoms. CoFe3N energetically prefers to yield ordered
onfigurations for Co atoms occupying the c position. And the
ubstitution of Co for Fe at c sites does hardly change the lattice con-
tant, whereas it increases bulk modulus and could hardly changes
he ductility. According to the generalized Stöner model condi-
ion, CoFe3N is rather stable ferromagnetic. Moreover, we found
he variation of the magnetic moment of f and c atoms is gov-
rned by a combining effect of two competitive factors, i.e., atomic
olume expansion enhanced their magnetic moment, whereas
ybridization with a part of the N 2p state reduced their magnetic
oment. So the results show the further distant atoms from the
atom have the larger magnetic moment for �′-Fe4N and CoFe3N,

ecause the 3d levels, especially the ↓ states of f atoms are low-
red through the hybridization with a part of the N 2p state located
round the Ef and in turn the 3d ↓ state of the corner atoms are

aised conversely, as a result, the ↓ electrons transfer from the c
toms to the f atoms. Finally, SP calculations of the energy versus
ressure show that the two compounds remain ferromagnetic at

ow pressure and have a transition to nonmagnetic at high pres-
ure.
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