
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS Vol. 12, No. 9, September 2010, p. 1869 - 1878 
 

 

Magnetic properties of iron-palladium solid solutions and 
compounds 
 
 
E. BURZO*, P. VLAICa 
Faculty of Physics, Babes-Bolyai University RO-400084 Cluj-Napoca, Romania 
aUniversity of Medicine and Pharmacy “Iuliu Hatieganu”, Physics and Biophysics Department Cluj-Napoca, Romania 
 
 
 
Band structure calculations were performed on disordered FexPd100-x solid solutions as well as on FePd and FePd3 ordered 
compounds. The equilibrium values of the lattice parameters, magnetic moments, Curie temperatures, pressure effects as 
well as spontaneous volume magnetostrictions were obtained and compared with the experimental data. A good description 
of experimental results has been shown. The magnetic properties were correlated with distances between iron atoms, as 
suggested by the Néel-Slater curve. 
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1. Introduction 
 
The Fe-Pd alloys system has a complex phase diagram 

[1]-Fig.1. At high temperatures, below solidus line, the 
presence of γ-FexPd100-x solid solutions, having fcc type 
structure, is shown in all the composition range. At room 
temperature, the α-FexPd100-x, alloys, having the bcc type 
structure, have been reported for x ≥ 70 and fcc-type lattice 
for x ≤ 60 [2,3]. In the composition range 70 ≤ x ≤ 75 four 
phases with different tetragonal distortions, following a 
Bain transformation path from fcc to bcc-type lattice have 
been reported [4,5].  

When decreasing temperature the alloys having 
compositions around x=50 and 25 at % Fe exhibit a typical 
disorder-order process. The disordered fcc-type structure, 
with 40 ≤ x ≤ 50, having low magnetic anisotropy, orders to 
L10 type superstructure via a thermodynamically first order 
type, order-disorder transformation. The ordered structure 
is tetragonal via an alternating stacking of Fe and Pd planes 
along the [001] principal axis with respect to fcc-lattice. 
The axial ratio c/a is smaller than the unity (c/a ≅ 0.96), due 
to the difference of atomic radii between Fe and Pd. In the 
composition range 40 ≤ x≤ 50, a disordered fcc phase was 
obtained by homogenezing the alloys, at 1200 oC, and then 
quenching [6]. The ordered L10 phase was obtained by 
annealing the above alloys at 500 oC. The other ordered 
phase is FePd3, which crystallizes in L12-type structure 
having  space group. This phase can exist at room 
temperature, in the composition range 14 ≤  x ≤ 38 [1]. 

The disordered FexPd100-x alloys with 60 ≤ x ≤ 70 are 
known for their Invar property [7,8]. The alloy with x=68.8 
showed a giant magnetostriction of ≅ 3 %, at 77 K [9]. In 
the composition range 60 ≤ x≤ 70, the spontaneous volume 
magnetostriction scales linearly on the square of 
magnetization [10]. The magnetic shape memory effect has 
been shown around Fe70Pd30 disordered fct phase [11].  
 

 
 

Fig. 1. Phase diagram of Fe-Pd alloys [1]. 
 
 

The magnetic properties of FexPd100-x alloys were 
studied [6,10,12-21]. The Curie temperatures of the atomic 
ordered alloys having 40 ≤ x ≤ 50 at % Fe decrease by ≅30 
K, as compared to those of disordered phase [6]. The 
saturation magnetization diminishes, from 3.3 μB in 
Fe60Pd40 to 3.0 μB in Fe50Pd50. In the composition range 20 
≤ x ≤ 70, the resultant magnetizations decrease linearly with 
increasing Pd content [10]. The Curie temperatures have a 
maximum at x=50. The presence of a magnetic moment of 
0.35 μB has been reported on Pd atom [16]. An increase of 
the iron moment with Pd content up to 18 at % has been also 
shown. For this composition, a value of 3.0 μB/Fe atom has 
been reported.  

The FexPd100-x alloys with x ≥ 76.8 [16] or x ≥ 80 [22], 
were studied by Mössbauer effect at 57Fe nucleus. A 
distribution function of the hyperfine fields, Bhf, has been 
shown. According to Delyagin et al [22], the distribution 
has a discrete structure, defined by variations of the 
contributions to Bhf from magnetic moments of 
neighbouring iron atoms. An instability of configurations 
with a large total spin and the formation of local spin 
configurations with an antiferromagnetic orientation of 
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magnetic moments has been also reported.  
Magnetic scattering of neutrons was measured in 

FexPd100-x alloys with 10 ≤ x ≤ 15 [23]. Satellite diffuse 
peaks at 1 ± δ,0,0 were found. The wave vector of spin 
modulation varied with iron concentration. The 
experimental data suggested that the oscillatory spin 
component homogeneously coexist with the ferromagnetic 
long-range order. 

A combination of bulk magnetization, conversion 
electron Mössbauer spectroscopy and polarized neutron 
reflectometry studies, showed that in Pd/Fe multilayers, at 
4.5 K, there is a slight  (≅ 10 %) enhancement of the Fe 
moment at the Pd/Fe interface and that the Pd is almost 
maximally polarized with an average moment of 0.32 μB to 
a depth of ≅ 20 Å, from the Pd/Fe interface [24]. 

Band structure calculations were performed on some 
Fe-Pd alloys, particularly on those atomic ordered, having 
equiatomic composition [25-41]. Galanakis et al [24] used 
both local spin density approximation (LSDA) and 
generalized gradient approximation (GGA) methods to 
study the electronic structure of fct-Fe50Pd50 compound. 
The same compound was investigated by using LSDA, with 
first principle full-potential muffin-tin orbital calculations 
including orbital correction [26]. A full potential linear 
augmented plane wave (FLAPW) method was also used 
[27]. Yamada et al [28,29] analysed the electronic structure 
of FePd compound by a linear muffin-tin orbital method 
(LMTO) within atomic sphere approximation (ASA), 
where a generalized gradient corrections for 
exchange-correlation potential was taken into account The 
calculated magnetic moments of 3.04 μB/Fe atom and 0.32 
μB/Pd atom describe well the observed magnetization per 
formula unit [42]. The electronic structures of FePd, FePd3 
and of hypothetical compound Fe3Pd were investigated by 
employing the augmented spherical wave (ASW) method 
[30]. The total energy was computed as function of volume 
and magnetic moment by performing fixed spin moment 
calculations. The FePd compound showed the usual 
behaviour of a strong itinerant ferromagnet. The iron states, 
formed rather localized bands in FePd3. The stability of the 
ordered alloys was investigated as function of the iron 
content. The hypothetical L12 structure of Fe3Pd was shown 
to be at least metastable with respect to corresponding 
disordered alloys [43]. The ordered magnetic moments in 
FePd were also computed by Mohri et al [31], Mazzoni [32], 
Gonzalez et al [33], Sakuma et al [34] and Barabash et al 
[35]. The coherent potential approximation (CPA) method 
has been used to study the electronic structure of 
fct-Fe70Pd30 alloy [36]. The magnetocrystalline anisotropy 
of Fe70Pd30 [37] has been determined in the local spin 
density approximation with Perdew-Wang [38] 
parameterization of exchange and correlation potential. The 
electronic structure of hypothetical compound Fe3Pd, close 
to the above composition, has been also discussed [39]. 

There are only few studies of the electronic structure of 
FexPd100-x solid solutions. The Korrringa-Kohn-Rostoker 
Green’s function method with the local-density functional 
approximation was used to obtain the magnetic moment at 
the Pd site and to predict that dilute substitutions of Pd in 
bcc Fe will cause an increase in the magnetization of the 

bulk alloy [41]. The electronic structures and magnetic 
properties of FexPd100-x alloys with 50 ≤ x ≤ 85 were 
investigated in the framework of density functional theory, 
using the full potential approximation [40]. The origin of 
the tetragonal distortion in the Fe-Pd magnetic shape 
memory alloys was found to be a Jahn-Teller effect.  

Previously [44], we reported the band structure 
calculations performed on FexPt100-x alloys, as well as on 
FePt and Fe3Pd ordered phases. A good agreement between 
the computed values of the lattice parameters, magnetic 
moments, Curie temperatures, as well as spontaneous 
volume magnetostrictions and experimental data, 
respectively has been shown. The spin glass behaviour, 
observed in fcc FexPt100-x alloys, when decreasing lattice 
parameters, simulating the pressure effects, was also 
discussed. 

As an on going work, we report in this paper the band 
structure calculations performed on disordered FexPd100-x 
alloys as well as on FePd and FePd3 ordered phases. As can 
be seen also in this case, the experimental data are rather 
well described by computed values.  

 
2. Computational method  
 
The ground state electronic structures, total energies, 

magnetic properties, spontaneous volume 
magnetostrictions of α- and γ-FexPd100-x disordered alloys, 
as well as of FePd and FePd3 ordered compounds, have 
been studied by means of spin polarized and scalar 
relativistic tight-binding linear muffin tin orbital method 
(TB-LMTO) within atomic sphere approximation (ASA), 
together with the coherent potential approximation (CPA), 
in order to describe the random Fe-Pd alloys [45,46]. The 
LSDA was used for the exchange correlation potential of 
the electron gas, assuming the Vosko-Wilk-Nussair 
parameterization [47]. The initial electronic configurations 
were taken as core +3d64s2 for Fe and core +4d105s0 for Pd. 
The structures of α- and γ-phases were assumed to be bcc 
and fcc, respectively. The Wigner-Seitz radii of Fe and Pd 
constituents are determined in agreement with ASA 
requirement and have been considered to be equal for 
disordered phases and different for ordered compounds. A 
spd-basis set has been used for both atoms. All band 
structure calculations have been performed by using  a 
mesh of 24x24x24 k-points in the full Brillouin zone (BZ) 
resulting in 413 k-points in the irreducible wedge of BZ, 
that ensure the accuracy of the total energy better than 10-2 
mRy. The magnetic disorder has been analysed within 
disorder local moment (DLM) formalism [48], by treating 
the binary alloys as pseudoternary Pd100-x ones, 
with (x-c) atoms  having spin-up state and c-atoms being in 
the state with spin-down. The DLM configuration with c=0 
will describe the ferromagnetic (FM) ground state, while 
that with c=x/2 has been considered as a paramagnetic (PM) 
state, which shows no resultant magnetic moment. Really, 
this state is antiferromagnetic, in which the antiparallel 
alignment of magnetic moments are compensated, miming 
the PM state. We note that the PM DLM states are 
fundamentally different from non-magnetic (NM) states 
(where M=0), considered in the present calculations.  
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3. Results 
 
3.1 Disordered FexPd100-x alloys 
 
3.1.1. Lattice parameters 
 
Total energy calculations have been performed on 

γ-FexPd100-x with 0 < x ≤ 80 and α-FexPd100-x with 75 ≤ x ≤ 
100 alloys in both FM and NM states. The total energies, 
ΔEt, as a function of lattice parameters, for samples with x = 
25, 50, 75, 85, 90 and 95 are plotted in Fig.2. For fcc solid 
solutions, at lower values of the lattice constants, the total 
energies are degenerate. When the lattice constants are 
higher, the FM state is the stable one. In case of 
α-FexPd100-x solid solutions only stable solutions with finite 
magnetizations are shown.  
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Fig. 2. Total energies as function of lattice spacings for 
α-Fe95Pd5 (a), α-Fe90Pd10 (b), α-Fe85Pd15(c)   γ-Fe75Pd25 

(d), γ-Fe50Pd50 (e) and  γ-Fe25Pd75 (f) solid solutions. 
 

The equilibrium values of the lattice parameters have 
been determined from a third-order polynominal 
interpolation of the total energy. The replacement of Fe 
atoms by Pd ones result in an increase of the equilibrium 
lattice spacings. The computed values are in rather good 
agreement with experimental data [10,20,49], as shown in 
Fig.3a, for γ-FexPd100-x solid solutions. The agreement is not 
so good in case of α-FexPd100-x solid solutions-Fig.3b. 
Although show the same composition dependence as 
experimental values, these are smaller by 0.05-0.06Å. The 

difference between the two sets of data may be attributed to 
the LSDA approximation used in the present calculations 
and the well known underestimation of the equilibrium 
lattice constants in case of bulk iron alloys.  
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Fig.3 Composition dependences of computed lattice 
parameters for (a) γ-FexPd100-x alloys with 0 < x ≤ 75. The 
experimental data [10,49] are also given. In (b) are 
plotted the computed lattice parameters of α-FexPd100-x 
with x > 74. The experimental data [16] are also included. 

 
 

The matter of differences between the experimental 
and calculated lattice constants has been already discussed 
[50]. Correct results, from band structure calculations, 
based on experimental lattice parameters, can be also 
obtained. As example, in YCo2 compound, realistic 
electronic structure calculations with a fully self consistent 
procedure has been considered in order to solve the 
corresponding multi-orbital Hubbard Hamiltonian. A 
many-body solver was used which is a modified version of 
the fluctuating exchange approximation which takes into 
account fluctuations in the particle-particle  and 
particle-hole channel for the multi-orbital case.  

 
 
3.1.2 Magnetic moments 
 
The atom resolved spin polarized density of states 

(DOS) for Fe and Pd in γ-FexPd100-x with x=25, 50, 75 and 
α-FexPd100-x with x=85, 90 and 95 solid solutions are shown 
in Fig. 4. Smooth DOS are shown, due to chemical disorder 
that smeared the electronic states. The iron atoms, in 
γ-FexPd100-x alloys, exhibit a strong ferromagnetism with 
almost completely filled majority spin sub-bands. A small 
contribution to DOS from a majority spin sub-band can be 
shown for iron in α-FexPd100-x (x=85,90,95). Thus, the 
energy of states, at the Fermi level, are generally mostly of 
minority spin character. The composition dependences of 
the Fe and Pd magnetic moments, at the equilibrium lattice 
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constants, as well as the average magnetizations per 
formula unit, are shown in Fig.5.  
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Fig.4. Densities of states for Fe and Pd, in α-FexPd100-x 
with x=95, 90, 85, and γ-FexPd100-x with x=75, 50, 25  

solid solutions. 
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Fig.5. Composition dependences of the iron an palladium 

moments in γ- and α-FexPd100-x solid solutions and the 
magnetic moments per formula unit. The experimental 

data [3,10,16,19,20] are also plotted. 
 
 

A polarization of Pd4d band, paralelly oriented to iron 
moments, is shown. This behaviour can be correlated with 
the presence of short range Fe3d-Pd4d exchange 
interactions. As result of the hybridization of Pd4d band 
with Fe3d one, the Pd4d band is split. Their splitting can be 
correlated with the intensity of exchange interactions, the 
number of Fe atoms situated in the neighbouring of a Pd site, 
respectively. As a result, the Pd4d band polarizations 
increase in γ-FexPd100-x up to x=15, above this composition 
being saturated-Fig.5. The Pd4d band-polarization 
experimentally determined [13,14], of 0.35μB/atom or 
0.40μB/atom in Pd/Fe multilayers [51], agree well with the 
computed values. In α-FexPd100-x solid solutions there is 
also an increase of Pd band polarization for 75 ≤ x ≤ 85, and 
then the Pd moments saturate at somewhat higher values 
than in γ- FexPd100-x alloys-Fig.5. 

The iron magnetic moments of γ-FexPd100-x alloys, 
increase when the Pd content is higher – Fig.5. This can be 
correlated with an increase of the minority spin state 
density at the Fermi level, attributed to Fe3d band 
hybridization effects. The computed magnetic moments in 
the 40 ≤ x ≤ 50 range are in rather good agreement with the 
values determined by neutron diffraction studies, at room 
temperature, and then extrapolated to T= 0 K [19]. 

Since the iron moments are nearly one order of 
magnitude higher than the palladium contributions to 
magnetization, the magnetic moments per formula unit will 
increase, as function of iron content. The calculated values 
are nearly the same as experimentally ones [3,10], for γ- 
FexPd100-x, in the composition range x ≤ 60. Slight 
deviations can be seen in the range of 60 ≤ x ≤ 80 at % Fe. 
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In case of α-FexPd100-x solid solutions, the calculated values 
show a maximum at x=92 decreasing both when iron 
content increases or decreases from the above value. 
Similar behaviour was shown experimentally [2,16]. 
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Fig. 6. Dependences of Fe and Pd magnetic moments on 
the lattice parameters for α-FexPd100-x with x=95,90,85 

(a-c)and  γ-FexPd100-x with x=75,50,25 (d-f)  solid 
solutions. 

 
 

The dependences of iron moments and Pd4d band 
polarizations on the lattice parameters, simulating the 
pressure effects, were studied – Fig.6. In case of γ- 
FexPd100-x solid solutions, at smaller lattice constants, the 
total energies of ferromagnetic and NM states are 
degenerate and there are stable solutions for M=0. As a 
result, a NM state, can be stable at high pressures. This 
corresponds to a critical value of the lattice parameters ac, 
which decrease when increasing Pd content, ac= 3.50 Å 
(x=75), 3.42 Å (x=50) and 3.40 Å (x=25). These involves 
reductions of lattice parameters, from their equilibrium 
values, at 0.955 (x=75), 0.91 (x=50) and 88.2 (x=25). This 
behaviour can be correlated with the distances between iron 
atoms, dFe. According to Néel [52], the exchange 
interactions, JFe, between iron atoms are dependent on their 
separation. Neglecting the contributions of Pd atoms to the 
exchange interactions, the JFe values will decrease both by 
increasing and decreasing distances between iron atoms, 
from a characteristic value s=dFe-2r, where r is the iron 
ionic radius (r=0.72Å). The s value corresponding to 
maximum of exchange interactions, after Néel, was located 
at s ≅ 1.32 Å. In addition, the exchange interactions are 

negative for a critical value dFe which corresponds to s=1.06 
Å-Fig.7. The s values describing the transition from 
magnetic to non-magnetic states are 1.036 Å (x=75), 0.978 
Å (x=50) and 0.964 Å (x=25). All the above values suggest 
the presence of antiferromagnetic interactions at these s 
values. In case of γ-FexPd100-x solid solutions, and 
supposing the random distribution of constituting elements 
in lattice, there not all the iron atoms are situated at the 
same interatomic distance. As Pd content is higher, the 
number of iron situated at larger distances, than expected, if 
all Fe atoms occupy lattice sites, increases. Thus, a greater 
diminution of lattice constants is necessary for magnetic 
–“non-magnetic” transition to take place as the Pd content 
is higher. 

The effect of pressure on the Curie temperatures of 
γ-Fe70Pd30 [53] and Fe66Pd34, Fe72Pd28 [54] were discussed. 
At 7.8 GPa, a decrease of Tc value for a sample with x=70, 
from 610 to 400 K was shown [53]. Also at 4.2 K, the 
changes in magnetization with pressure were small. At RT 
the magnetizations decreased with pressure [54]. This can 
be interpreted as a decrease of Curie points with pressure 
and related changes of magnetization, as T/Tc values 
increase. As discussed already, these can be connected with 
a decrease of the distance between iron atoms, as predicted 
by Néel-Slater curve. 

 

 
Fig. 7. The Néel-Slater curve [52] and the Curie 

temperatures  in γ- FexPd100-x solid solutions, as function 
of s-values. 

 
In case of α-FexPd100-x solid solutions, not a transition 

to “non-magnetic” state is suggested for a/ac values of the 
order 0.8, although the expected s values are smaller than 
1.06 Å. Probably, in this case, the exchange interactions 
with the Fe atoms situated in the second sphere of 
coordination are rather strong and not allowed 
antiferromagnetic coupling of iron moments. 

The above behaviour is currently evidenced in R2Fe17 
and R2Fe14B-type compounds where R is a rare-earth or 
yttrium. In R2Fe17 there are four types and  in R2Fe14B six 
types of iron atoms situated at different distances, some 
involving values s<1.06 Å [55-58]. In case of Lu2Fe17, 
where the distances between iron atoms are smallest, an 
helicoidal arrangement of the iron moments has been 
shown. For other R2Fe17 compounds, the negative exchange 
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interactions are not satisfied, since the positive ones, 
involving the same atom with iron atoms located at larger 
distances, are more intense and a considerable magnetic 
energy is stored. The same behaviour has been shown in 
R2Fe14B compounds. Since the negative interactions are not 
satisfied, the stored magnetic energy will bring on the Curie 
temperatures. These decrease very much, as compared to 
pure iron, although the number of magnetic atoms in the 
formula unit is 90 % from their total content. Replacement 
of iron involved in negative exchange interactions, even by 
non-magnetic atoms, will increase the Curie temperatures 
in both above systems [56,57]. 

Magnetic scattering of neutrons was measured in α- 
FexPd100-x alloys with 10≤x≤15 [23]. In this composition 
range, s values situated between 1.08 and 1.099 Å, are 
shown. These are very close to the distance s≅1.06 Å where 
negative exchange interactions are supposed to be present. 
It is not excluded that local distortion of lattice as result of 
Pd substitution, to be present, some of the iron atoms being 
situated in sites where antiferromagnetic interactions are 
present. This can explain the presence of some oscillatory 
spin components which homogeneously coexists with 
ferromagnetic long range order, as experimentally observed 
[23]. 

 
 
3.1.3 Exchange interactions and Curie temperatures 
 
The exchange interactions in γ-FexPd100-x solid 

solutions were evaluated in the mean field approximation 
(MFA), from the differences between energies of the 
ferromagnetic and “paramagnetic” DLM states. From these 
values we determined the Curie temperatures, Tc-Fig.8. The 
Tc values have maximum at a composition x=60, somewhat 
higher than evidenced for experimentally determined 
values, where the maximum is located at x=55. The 
difference between theoretical and experimental maxima in 
Tc values may be related with the single site approximation 
of CPA used in the present calculations and the neglecting 
of short-range order in these compounds compared with 
experimental evidence, where a certain degree of chemical 
short-range order is generally present even in the disordered 
alloys.  When correlated with the distances between iron 
atoms, the experimentally maxima, in Tc values, are 
situated at s= 1.25 Å, while those computed, at 1.23 Å. On 
Fig.7 are also plotted the experimentally determined Curie 
temperatures of γ-FexPd100-x solid solutions. These, in the 
first approximation, describe the exchange interactions. in 
the system. There can be seen that the maximum of Tc vs s 
is situated at a value smaller than 1.32 Å, predicted by Néel, 
although the same form of dependence is shown. The shift 
of the maximum can be connected with the presence of Pd. 
The Fe3d-Pd4d exchange interactions, as well as the 
corresponding effects on the magnetic properties, can be a 
reason for a maximum localization at somewhat smaller s 
values that predicted by Néel [52]. 
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Fig. 8 Curie temperatures as function of composition for 
γ-FexPd100-x solid solution. The experimental data are also 

plotted [7,10,20]. 
 
 

3.1.4 Spontaneous volume magnetostriction 
 
The spontaneous volume magnetostriction, ωs, is 

defined by the ratio between the volume difference of 
ferromagnetic, V(FM) and paramagnetic DLM, V(DLM), 
states and the volume of ferromagnetic one [59]: 
 

    (1) 
 

Calculated total energies as function of lattice 
parameters for different DLM states, in case of Fe75Pd25 and 
Fe70Pd30 disordered alloys are show in Fig.9. A gradual 
shift of the equilibrium lattice parameters to lower values is 
shown, when increasing the number of  
antiferromagnetically coupled iron pairs. This behavior is 
similar with that previously reported in case of Fe-Pt alloys 
[60] and represent the main mechanism for the presence of 
the Invar effect. The spontaneous volume magnetostriction 
can be shown in a magnetically ordered alloys for which the 
paramagnetic DLM minimum with a smaller lattice 
constant (small magnetic moment) is situated slightly 
above the magnetic solution with a larger lattice constant. 
When increasing temperature, the local minimum with a 
small lattice constant can be populated by thermal 
fluctuations which counteracts the usual thermal expansion 
due to lattice vibrations [61]. Néel [52] attributed the above 
anomaly to the magnetic energy variation as function of the 
volume, the distances between atoms, respectively, as a 
result of the magnetic coupling energies between iron spins. 
Also he showed that the anomaly, ωs, at the magnetic 
transition temperature, is proportional to the square of the 
magnetization. 
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Fig.9 Total energies versus lattice constants for DLM 

states of   (a) and  (b) alloys. 

 
The volume magnetostriction as function of valence 

electron concentration, as well as on differences between 
the squares of the magnetic moments, for ferromagnetic 
and paramagnetic DLM states, is shown in Fig.10. As 
previously showed [60], in case of FexPt100-x solid solutions, 
the maximum of ωs in Fe-Pd systems corresponds to an 
electron concentration per atom e/a=8.5, so called magic 
electron number. The computed values are also close to 
those experimentally determined [19]. 
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Fig. 10. Magnetostriction of γ-FexPd100-x solid solutions as 
function of valence electron concentration (a) and of 
difference between the squares of the moments in 
ferromagnetic    and     paramagnetic    DLM   states   (b).  
             Experimental data [19] are also plotted. 
 

Néel [52] suggested that the ωs values are linearly 
dependent on the difference between the square of the 
magnetic moments of ordered and paramagnetic states. 
According to Khmelevskyi et al [60], this effect can be 
explained in terms of electronic band structure. The gain in 
the kinetic energy of the valence electrons, due to band 
splitting, is partially counter-balanced by an increase in the 
volume. Since the magnetic moments are determined by 
band splitting, the ωs values will be proportional to the 
volume. It is thus expected that the magneto-volume 
coupling scales linearly with the difference between the 
squares of the magnetic moments. The above prediction is 
fulfilled in γ- FexM100-x alloys with M=Pd or Pt –Fig.10b. 

 
3.2 Crystallographically ordered compounds 
 
The total energies as function of lattice parameters, for 

FePd3 and as function of volumes for FePd compound are 
shown in Fig.11. The stable solutions are ferromagnetic. 
The atom resolved spin polarized density of states (DOS), 
determined, at equilibrium lattice constants, are given in 
Fig.12. The majority spin sub-bands are almost filled, the 
states at the Fermi level having mainly spin minority 
character. As in solid solutions, due to Fe3d-Pd4d exchange 
interactions, the Pd4d band is split. The induced Pd4d  band 
polarization is higher in FePd than in FePd3 and can be 
correlated with a smaller number of iron atoms involved in 
short range exchange interactions, in FePd3, as compared to 
FePd. The Pd4d band polarizations are paralelly oriented to 
iron moments. The computed magnetic moments per 
formula unit agree rather well with experimental 
values-Table1. 
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Fig. 11.Total energies of ferromagnetic and non-magnetic 

states in FePd3 and FePd compounds. 
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Fig. 12. Density of states for Fe and Pd atoms in  FePd 

(a,b) and FePd3 (c,d) compounds. 
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Table 1. Computed lattice constants, magnetic moments and the corresponding experimental values for Fe-Pd alloys. 

 
 

Lattice constants 
(Å) 

M (μB/f.u.) Compound Crystal 
structure 

calc. exp. 

Atom l ml 
(μB) 

mtotal(calc./exp.) 
(μB/atom) 

calc. exp. 
0 -0.004 
1 -0.044 

 
Fe(2a) 

 2 2.319 

 
2.271 (calc.) 

0 -0.014 
1 -0.055 

 
 

α-Fe95Pd5 

 
 

m3Im  
(bcc) 

 
 

2.81 

 
 

2.90 [16] 
 

Pd(2a) 
 

2 0.486 

 
0.417 (calc.) 

 

 
 
 

2.178 
 
 
 

 
 
 

2.20 [16]  
(5.4 at % Pd) 

  
 

0 -0.004 
1 -0.041 

 
Fe(2a) 

2 2.473 

 
2.428 (calc.) 

0 -0.016 
1 -0.052 

 
 

α-Fe90Pd10 

 
 

m3Im  
(bcc) 

 
 

2.84 

 
 

2.92 [16] 
 

Pd(2e) 
1 0.492 

 
0.424 (calc.) 

 
 
 

2.228 

 
2.26 [16] 

(9 at % Pd) 
 

2.39 [3] 
(9.4 at % Pd) 

0 -0.003 
1 -0.039 

 
Fe(2a) 

 2  2.592 

 
2.550 (calc.) 

 
0 -0.016 
1 -0.051 

 
 

α-Fe85Pt15 

 
 

m3Im  
(bcc) 

 
 

2.87 

 
 

2.93 [16] 
 

Pd(2a) 
 2 0.487 

 
0.420 (calc.) 

 
 
 

2.230 

 
 
 

2.25 [16] 

0 -0.008 
1 -0.043 

 
Fe(4a) 

 2 2.666 

 
2.615 (calc.) 

 
0 -0.023 
1 -0.055 

 
 

γ-Fe75 Pd25 

 
 

m3Fm  
(fcc) 

 
 
 

3.67 

 
 
 

3.68 [49] 
 

 
Pd(4a) 

 2  0.415 

 
0.337 (calc.) 

 
 
 

2.046 
 

 
 
 
 

0 -0.001 
1 -0.028 

 
Fe(4a) 

 2 2.852 

2.823 (cal.) 
 

2.85 (exp.) [20] 

0 -0.018 
1 -0.043 

 
 

γ-Fe50 Pd50 

 
 

m3Fm  
(fcc) 

 
 
 

3.77 

 
 
 

3.75 [49]   
Pd(4a) 

 2 0.392 

0.331 (calc.) 
 

0.358 (exp.) [20] 

 
 
 

1.577 

 
 

1.604 [20] 
 

1.586 [10] 

0 -0.013 
1 -0.004 

 
Fe(4a) 

 2  3.042 

3.025 (calc.) 
 

2.98 (exp.)[20] 
0 -0.010 
1 -0.024 

 
 

γ-Fe25 Pd50 

 
 

m3Fm  
(fcc) 

 
 
 

3.75 

 
 
 

3.86 [49] 
 

 
Pd(4a) 

 2 0.374 

0.340 (calc.) 
 

0.345 (exp.) [20] 

 
 
 

1.041 

 
 
 

1.004 [20] 
 

0 -0.006 
1 -0.020 

 
Fe(1a/1c) 

 2 2.834 

 
2.808 (calc.) 

3.010 (exp.) [19] 
0 -0.019 
1 -0.059 

 
 

FePd 

 
 

P4/mmm 
(AuCu-L10) 

 
a=3.801 
c=3.664 

 
a=3.855 
c=3.714 

[49]  
Pd(2e) 

 2 0.479 

 
0.401 (calc.) 

0.300 (exp.) [19] 

 
 
 

6.418 

 
 
 

6.620 [19] 

0 0.007 
1 0.024 

 
Fe(3c) 

 2  3.146 

3.177 (calc.) 
3.100 (exp.) [20] 

    2.700 (exp.) [21] 

0 -0.014 
1 -0.040 

 
 

FePd3 

 
 

m3Pm  
(AuCu3-L12) 

 
 

3.81 

 
 
3.85 [49] 

 
Pd(1a) 

2  0.325 

0.271 (calc.) 
0.420 (exp.) [20] 
0.570 (exp.) [21] 

 
 
 

3.990 

 
4.360 [20] 

 
4.410 [21] 

 
The FePd compound shows a tetragonal structure, 

where two types of iron atoms are present. For equilibrium 
lattice constants the Fe1a sites have 4Fe1c atoms situated at 
2.69 Å, 2Fe1a ones at 3.66 Å and 4Fe1a atoms situated at 
3.80 Å and Fe1c has 4Fe1a at 2.69 Å, 2Fe1c at 3.66 Å and 
4Fe1c at 3.80 Å. 

The variation of the iron moments and Pd4d band 
polarizations in FePd and FePd3 as function of volumes and 
lattice parameters, respectively, are shown in Fig.13. No 
evidence for a “non-magnetic” state is shown at v/v0≥0.8 
(FePd) or a/ae ≥ 0.8 (FePd3). The smallest distance between 

iron atoms in FePd, if the compound is uniformly 
compressed, involves s values close to those corresponding 
to s=1.06 Å, for v/v0 ≅ 0.8. In this compound, there are two 
types of iron atoms situated at different distances, the 
exchange interactions being more complex than in cubic 
structure. By reducing volume, as effect of pressure, the 
Fe1a-Fe1c exchange interactions can be negative. The 
exchange interactions between Fe1a-Fe1a, remain positive, 
since even at the reduction of volume at 80 %, values s > 
1.06 Å are shown. Since of higher number of  neighbouring 
iron atoms occupying the Fe1a type of sites, the positive 



Magnetic properties of iron-palladium solid solutions and compounds                                                       1877 
 

 

exchange interactions are strongest than the negative ones 
and consequently the last ones can  not  be satisfied. 
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Fig. 13. The dependence of the iron and palladium 
moments as function of volume in FePd and of lattice 

parameters in FePd3 compounds. 
 
 

 In case of FePd3 compound, for equilibrium lattice 
constant, the Fe1a atoms has 12 Pd3c situated at 2.694 Å 
and 6Fe1a at 3.81 Å. Since of disordering effects and/or 
variation from stoichiometric composition, the Fe atoms 
can occupy also Pd sites. In both cases the s values are 
higher than 1.06 Å, suggesting the presence of 
ferromagnetic type behaviour. As the lattice constant is 
reduced to 80 %, the Fe1a-Fe1a distances are higher than 
that corresponding to s= 1.06 Å. Some antiferromagnetic 
interactions can appear only if Fe enters also in Pd sites, 
since dFe-Pd is smaller  than 2.5 Å. 

 The effect of pressure on the magnetic behaviour of 
Pd3Fe was studied [62]. Zero temperature DFT calculations, 
identified a ferromagnetic ground state  and showed also 
several antiferromagnetic states, with comparable energies, 
at p>20 GPa. A collapse of the iron magnetic moment was 
shown at 300 K in the pressure range 8.9 ≤ p ≤ 12.3 GPa. 
This can be correlated with the diminution of Curie 
temperature, the variation of magnetization as function of 
T/Tc, respectively. It is thus  possible that the Curie 
temperatures, at the above pressures, to decrease below RT, 
in agreement with Néel-Slater curve. 

 
 
4.  Conclusions 
 
The total energy calculations on γ-FexPd100-x and 

α-FexPd100-x solid solutions were performed. The 
determined equilibrium lattice constants describe well the 
experimental values. The composition dependences of the 
iron magnetic moments and Pd4d band polarizations have 
been obtained. Both in γ- and α- solid solutions there is an 
increase of Pd band polarization in a limited composition 
range, as the Fe content increases, and then saturates. The 
iron moments increase as function of Pd content. The 
observed behaviour was correlated with short range 
Fe3d-Pd4d exchange interactions, hybridization effects, 
respectively. The computed magnetic moments per formula 
unit agree with experimental values. The exchange 
interactions and Curie temperatures were determined and 
compared with those experimentally obtained. The data 
were analysed according with Néel- Slater curve, which 

predict their evolution as function of the distances between 
iron atoms. The volume magnetostrictions were determined. 
These scales linearly as function of the differences between 
the square of magnetization in ferromagnetic and 
paramagnetic states. 

The magnetic properties of ordered FePd and FePd3 
compounds were also studied and correlated with those 
experimentally observed. 
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