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The ruthenium based perovskite oxide, SrRuO3 has been
intensively studied due to its diverse electronic and magnetic
properties. The structure of SrRuO3 is orthorhombic (a =
5.573 Å, b = 5.538 Å, c = 7.856 Å), which is similar to that
of rare earth orthoferrite, GdFeO3, but it can be considered as
pseudo-cubic (ap = 3.93 Å). However, the electrical property
of both compounds is contradictory to each other, namely a
good conductor for SrRuO3 and an insulator for GdFeO3.
This might be due to the different electron configurations as
GdFeO3 adopts the high spin t2g

3eg
2 of Fe3+and SrRuO3 the

low spin t2g
4eg

0 of Ru4+. 
Recently, the electronic structural variation of ARuO3 (A

= Ca, Sr, and Ba) has been discussed using X-ray photo-
electron spectroscopy, ultraviolet photoelectron spectroscopy,
and Rietveld fitting of the XRD data.1 The ionic radii of A
cations (Ca=1.34 Å, Sr=1.44 Å, and Ba=1.61 Å) induces the
distorted orthorhombic, particularly hexagonal symmetry for
Ba compound. Moreover, the variation in Ru-O and Ru-Ru
bond distances has a great influence on the electrical and
magnetic properties of these compounds. 

Some reports on the partial substitution of metal cations in
Ru sites of ARuO3. (A=Sr, Ca) have been issued. SrTi1-x-
RuxO3-δ (0 ≤ x ≤ 1) deposited films are cubic or pseudo-
cubic over the whole composition range with the lattice
parameters increasing continuously with the concentration
of Ru4+, which correspondingly results in the conductivity
variation from insulating to metallic behavior.2 The magnetic
and transport properties of CaMn1-xRuxO3 (0 < x ≤ 0.8) were
studied by Maignan et al. using resistivity and ac-suscepti-
bility measurements, and they explained that the inducement
of ferromagnetism and metallicity in the antiferromagnetic
CaMnO3 matrix is due to the valence combination (Ru5+

creating Mn3+), which allows double exchange through the
hybridization between Ru and Mn eg orbitals.3

As previously reported, SrFeO3-x (0 ≤ x ≤ 0.5) is particularly
interesting because of not only the unusual oxidation state of
Fe4+ but also the wide range of oxygen non-stoichiometry.
Takano et al. reported that the SrFeO3-x phases (x = 2.50,
2.73, 2.86, and 3.00) exist in different structures.4 The
perovskite cell is cubic for 2.88≤ x ≤ 3.00 and tetragonal (or
orthorhombic) for 2.72≤ x ≤ 2.88. It should be pointed out
that the SrFeO2.5 phase with brownmillerite structure is

shown to derive from the cubic SrFeO3 unit cell by periodic
removal of O atoms via [101] directions. Therefore, the
solid-solution between SrRuO3 and SrFeO3-x is of great
interest as the ionic radius of the cations are quite sim
(0.620 Å for Ru4+, 0.645 Å for Fe3+, and 0.585 Å for Fe4+)5

and the different electronic configuration may have a gr
effect on the transporting properties of SrRu1-xFexO3. In the
present paper, we explore the electronic and crystal struc
of SrRu1-xFexO3 (0 ≤ x ≤ 0.5) in order to explain the variation
of transporting properties of Fe-substituted SrRuO3.

Experimental Section

The compounds in the SrRu1-xFexO3 (0 ≤ x ≤ 0.5) solid
solution were prepared by typical solid state reactions. W
ground stoichiometric mixtures of SrCO3, RuO2, and Fe2O3

were heated at 900 oC for 12 h in air. The ground residue
were pelletized and heated at 1150 oC for 24 h in air. The
final treatment was performed on pellets at 1200 oC for 24 h
in air. 

The formation of a single phase was confirmed by powd
X-ray diffraction (XRD). The patterns for structure refineme
were recorded on a rotating anode installed diffractome
with an X-ray source of 40 kV, 300 mA. The Cu Kα
radiation used was monochromated by a curved-cry
graphite. The data were collected with a step-scan proce
in the range 2θ = 20-100o with a step width of 0.02o and a
step time of 1 s. The refinements of reflection positions a
intensities were carried out using the Rietveld analy
program RIETAN (Izumi et al., 1987). Mössbauer spectros
copic studies were carried out at 300 K with Co57 source
doped in metallic rhodium which was oscillated in 
sinusoidal mode. The Doppler velocity of spectra w
calibrated with α-Fe foil (25 µm in thickness). The electrica
resistance of polycrystalline pellets was measured usin
standard four probe method.

Results and Discussion

XRD diffraction patterns of SrRu1-xFexO3 (0 ≤ x ≤ 0.5) are
shown in Figures 1-2. The refined structural paramet
obtained from the Rietveld fitting of the XRD data are give
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in Table 1, and the bond lengths and bond angles are listed in
Table 2. The XRD data indicate that SrRu1-xFexO3 are ortho-
rhombically distorted GdFeO3 type structure with space
group Pnma. Particularly, the lattice parameters, a and b
gradually increase with increasing Fe-substitution, whereas
the lattice parameter, c decreases, as shown in Table 1. In
order to determine the valence state of Fe, Mössbauer
spectroscopy was used. As shown in Figure 3, the valence
state of iron in SrRu1-xFexO3 (x = 0.1, 0.2, 0.3, 0.4, and 0.5)
is determined to be Fe(III) with the isomer shifts, δ = 0.24,
0.26, 0.27, 0.28, and 0.30 mm/s, respectively.6-8 As above
mentioned, the magnetic and transport properties of the
CaMn1-xRuxO3 (0 < x ≤ 0.8) were studied by Maignan et al.,3

and they explained that the inducement of ferromagnetism

and metallicity in the anti-ferromagnetic CaMnO3 matrix is
due to the valence combination (Ru5+ creating Mn3+), which
allows double exchange through the hybridization betwe
Ru and Mn eg orbital. In our system, as Fe3+ species are
introduced into the SrRuO3 lattice according to the formula
of SrRu4+

1-2xRu5+
xFe3+

xO3, Ru5+ species are formed. So, the
local symmetry of (Ru,Fe)O6 octahedra including (Ru,Fe)-O
bond lengths and (Ru,Fe)-O-(Ru,Fe) bond angles may
considerably different from that of RuO6 ones. The SrRuO3
compound has a structure derived from the cubic perovs
structure. In this structure, the tolerance factor, t = (RSr2+ +
RO2−)/ (RRu4+ + RO2−) which relates the Sr-O and Ru-O
bond lengths, represents ideal bond-length matching fot
= 1. A t ≈ 1 at high temperature results in a t < 1 at lower
temperature. A t < 1 place the Ru-O bonds under com

2

Figure 1. The experimental (top), fitted (middle), and difference
(bottom) of X-ray diffraction pattern of SrRuO3. 

Figure 2. The experimental (top), fitted (middle), and difference
(bottom) of X-ray diffraction pattern of SrRu0.5Fe0.5O3. 

Table 1. The structural parameters obtained from the Rietveld
fitting of the XRD data

Compounds
Reliability factors (%) Lattice parameters (Å)

RI RWP RP RE a b c

SrRuO3 1.78 8.84 5.4 2.89 5.5704(1) 7.8499(2) 5.5356(1)
SrRu0.9Fe0.1O3 1.68 8.43 5.41 3.72 5.5699(1) 7.8471(2) 5.5359(1)
SrRu0.8Fe0.2O3 1.09 8.08 5.23 3.89 5.5686(1) 7.8397(2) 5.5374(1)
SrRu0.7Fe0.3O3 1.13 6.66 4.64 3.99 5.5657(1) 7.8323(2) 5.5375(1)
SrRu0.6Fe0.4O3 1.15 7.01 4.99 4.17 5.5604(2) 7.8307(3) 5.5426(2)
SrRu0.5Fe0.5O3 0.81 8.94 6.7 4.32 5.5475(9) 7.8235(4) 5.5490(9)

Table 2. The bond lengths and bond angles obtained from 
Rietveld data

Compounds Bond length (Å) Bond angle (deg)

SrRuO3 Ru-O1 (×2) 1.968(2) Ru-O1-Ru 171.6(9)
Ru-O2 (×2) 1.991(9) Ru-O2-Ru 160.3(4)
Ru-O2 (×2) 1.994(9)

SrRu0.9Fe0.1O3 RuFe-O1 (×2) 1.964(2) RuFe-O1-RuFe 172.1(9)
RuFe-O2 (×2) 1.972(9) RuFe-O2-RuFe 162.4(4)
RuFe-O2 (×2) 2.001(9)

SrRu0.8Fe0.2O3 RuFe-O1 (×2) 1.967(2) RuFe-O1-RuFe 170.5(9)
RuFe-O2 (×2) 1.95(1) RuFe-O2-RuFe 166.1(4)
RuFe-O2 (×2) 2.010(9)

SrRu0.7Fe0.3O3 RuFe-O1 (×2) 1.967(2) RuFe-O1-RuFe 169.0(9)
RuFe-O2 (×2) 1.95(1) RuFe-O2-RuFe 168.2(3)
RuFe-O2 (×2) 2.00(1)

SrRu0.6Fe0.4O3 RuFe-O1 (×2) 1.978(2) RuFe-O1-RuFe 163.7(8)
RuFe-O2 (×2) 1.96(2) RuFe-O2-RuFe 169.8(5)
RuFe-O2 (×2) 1.98(2)

SrRu0.5Fe0.5O3 RuFe-O1 (×2) 2.001(2) RuFe-O1-RuFe 155.7(6)
RuFe-O2 (×2) 1.92(1) RuFe-O2-RuFe 176.2(6)
RuFe-O2 (×2) 2.01(1)

Figure 3. Mössbauer spectra of SrRu1-xFexO3 collected at room
temperature and 81 K.
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pression and Sr-O bonds under tension. This incompatibility
can be relieved by a cooperative rotation of the RuO6

octahedra that bends the Ru-O-Ru bond. As listed in Table 2,
the SrRu1-xFexO3 compounds has different bond lengths, in
particular (Ru,Fe)-O1(× 2) = 2.00 Å, (Ru,Fe)-O2 (× 2) = 1.92
Å, and (Ru,Fe)-O2 (× 2) = 2.01 Å for SrRu0.5Fe0.5O3 com-
pound, which discloses that the Fe3+ species create Ru5+

species as the longer (2.01 Å) and the shorter bond-length
(1.92 Å) exist in (Ru,Fe)-O2 sheets compared with those of
SrRuO3. It should be pointed out that the (Ru,Fe)-O2 bond
lengths manifest the strength of hybridization between Ru
4d and O 2p states, which is correlated with the transport
properties of these compounds. Moreover, the (Ru,Fe)-O1-
(Ru,Fe) bond angles are continuously decreased with
increasing the contents of Fe, whereas (Ru,Fe)-O2-(Ru,Fe)
bond angles are gradually increased toward 180o. It is well
known that in La2CuO4-related superconductors the Cu-O-
Cu bond angle would straighten out to 180o, which would
remove the mixed symmetry.9,10 Such a straightening results
in an orthorhombic- to -tetragonal transition, and super-
conductivity vanishes in the tetragonal phase. As listed in
Table 1, c/a values continuously decrease with increasing
Fe-substitution, i.e. 1.0063 for SrRuO3 and 0.9997 for
SrRu0.5Fe0.5O3, which shows the appearance of tetragonal
character in SrRu1-xFexO3 series. These interpretations are
well coincident with the resistance results of SrRu1-xFexO3

series as shown in Figure 4.

Conclusion

The SrRu1-xFexO3 (0 ≤ x ≤ 0.5) solid solutions were pre-
pared by typical solid state reactions. The XRD data indic
that SrRu1-xFexO3 are orthorhombically distorted GdFeO3

type structure with a space group Pnma. Particularly, 
lattice parameters a and b gradually decrease with increasin
Fe-substitution, whereas the lattice parameter, c increases.
The c/a values continuously decrease with increasing F
substitution, i.e. 1.0063 for SrRuO3 and 0.9997 for SrRu0.5-
Fe0.5O3, which shows the appearance of tetragonal chara
in SrRu1-xFexO3 series. By using Mössbauer spectroscop
the valence state of iron in SrRu1-xFexO3 (x = 0.1, 0.2, 0.3,
0.4, and 0.5) is determined to Fe(III). The Fe-substitu
SrRuO3 has different bond lengths, in particular (Ru,Fe)-O1

(× 2) = 2.00 Å, (Ru,Fe)-O2 (× 2) = 1.92 Å, and (Ru,Fe)-O2
(× 2) = 2.01 Å for SrRu0.5Fe0.5O3 compound, which notifies
us that the Fe3+ species create Ru5+ species as the longe
(2.01 Å) and the shorter bond-length (1.92 Å) exist 
(Ru,Fe)-O2 sheets compared with those of SrRuO3. The
(Ru,Fe)-O1-(Ru,Fe) bond angles are continuously decreas
with increasing the contents of Fe-substitution, where
(Ru,Fe)-O2-(Ru,Fe) bond angles are gradually increas
toward 180o. These structural behaviors are well coincide
with the resistance results of SrRu1-xFexO3 series.
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