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The Sr2Coo.5Nb(Ta)o_504 and Sr3CoNb(Ta)O7 compcmnds, both with R탾ddlesden-Popper stract탸res, have been 
synthesized by the ceramic method at 1150 °C 탾ndeF atmospheric press탾re. The crystallographic strict탾re of 
the compcmnds was assigned to the tetragonal system with space grcmp U/mmm by X-ray diffi*action(XRD) 
Rietveld refinement. The red탾ced lattice volume and lattice parameters increased as the Ta with 5d s탾bstit탾tes 
for the Nb with 가d in the compcmnds. The Co/Nb(Ta)O bond length has been determined by X-ray absorption 
spectroscopic(EXAFS/XANES) analysis and the XRD refinement. The CoOb octahedra were tetragonally dis
torted by elongation of Co-O bond along the c-axis. The magnetic meas탾rement shows the compcmnds 
Sr2Coo.5Nb(Ta)o_504 and Sr3CoNb(Ta)O7 have paramagnetic properties and the Co ions with intermediate spin 
states between high and low spins in D4h symmetry. AH the compo탾nds showed semicond탾cting behavior 
whose electrical cond탾ctivity increased with temperat탸re 탾p to 1000 K. The electrical cond탾ctivity increased 
and the activation energy for the cond 탾 ction decreased as the member of perovskite layers increased in the com
pounds with chemical formula An+]BnO3n+i,

Introduction

Inorganic compounds including metal oxides have been 
widely applied to new materials 여ich as electric, magnetic, 
and optical devices. To design and synthesize new materials 
with the desired physical properties, various methods have 
been explored in the academic and industrial fields. Perovs
kite-related oxides with a general chemical formula An+iBn- 
O3n+i have been extensively studied due to their unique and 
applicable properties.1-3 The physical properties of the metal 
oxides depend generally on the electronic configurations of 
B cation and structural configurations.4-6 Among compounds 
with the general formula An+iBnO3n+i, the metal oxides with 
n = 1 ovn = 2 have a two-dimensional layered structure with 
an anisotropic property and also different physical properties 
from the three-dimensional materials with n = 00 .'시。

The physical properties of the layered compounds depend 
on the superexchange interaction between B ions through 
oxygen ions within the ab plane since the interactions 
between layers along c-axis are very weak. The weak inter
layer interactions generally result in the elongation of BOe 
octahedra along c-axis.11 For CaLaFeO4 and Sr3lr2O? com
pounds with two dimensional structure, the magnetic pro
perty depends on B-B distance and B-0 bond covalency 
within the perovskite layer.12,13

The average distance of Fe/Ru-0 in the St^FeRuO? and 
Sr4FeRuOs compounds is similar to that in the three-dimen
sional Sr2FeRuO6 compound. However, the SnFeRuO? and 
Si*FeRuO8 compounds have tetragonal distortions of Fe/ 
RuO6 octahedra along c-axis, where as the octahedra of 3-D 
Sr2FeRuO6 compound are regular.14 The magnetic interac
tion of perovskite-related compounds depends on an ar
rangement of the transition metal ions. The two-dimensional 
compounds show spin glass behavior by Fe/Ru-O-Fe/Ru-0 
magnetic superexchange interaction between cation and 

neighboring cation within the a^-plane.
In the present work, we synthesized perovskite-related 

compounds and explored the relationship of the structural 
change due to the dimensional change and their physical 
properties. The structural change of Sr2Coo.5Nb(Ta)o.504 and 
Sr3CoNb(Ta)O? compounds were studied by X-ray absorp
tion spectroscopy (XAS) as well as XRD Rietveld refine
ment. Physical properties such as electrical conductivity and 
magnetic susceptibility also were studied in accordance with 
structural characteristics.

Experimental Section

The compounds Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O? 
with Ruddlesden-Popper type structures were synthesized 
with the stoichiometric starting materials of SrCCh, CO2O3, 
NbzO务 and Ta^Os. The starting materials corresponding to 
each composition were mixed and pre-fired at 800 °C for 2 
hours. After being well ground, the mixtures were heated at 
1150 °C under atmospheric pressure for 48 hours and then 
quenched. The grinding and heating processes were repeated 
several times to obtain homogeneous solid solutions. The 
homogeneous uniphase of each compound was identified by 
X-ray diffraction analysis.

X-ray diffraction patterns for the compounds were col
lected by the Philips PW 1710 powder diffractometer with 
Ni filtered Cu Ka mdiation in the range 10° <2Q< 100°. 
The Rietveld refinements of all the compounds were carried 
out using DBWS-9006PC software in Cerius 2 program.

Co K-edge X-ray absorption (XANES/EXAFS) spectra 
were recorded at the BL3C1 beamline of the Pohang Light 
Source (PLS) with the ring current of 100-150 mA. Si(ll 1) 
double crystal monochromator was used to tune the X-ray 
energy for the spectroscopic data. The energy calibration 
was carried out with Co-metal foil before and after measur
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ing the samples in the transmission mode. X-ray absorption 
fine structure (XAFS) spectra were analyzed with UWXAFS 
3.0 and FEFF 6.01 code.

The electrical conductivities were measured in a tempera
ture range of 290 to 1000 K under atmospheric pressure. 
From the plot of log conductivity us 1000/T, the activation 
energy of the electrical conductivity was calculated. The 
magnetic susceptibilities were measured using a SQUID 
(superconducting quantum interference devices) magneto
meter in the temperature range of 5 to 300 K. The measure
ments were carried out after the samples were cooled in the 
absence of an applied field and then cooled in a magnetic 
field of 6500 gauss to 5 K.

Results and Discussion

Structural refinements. Analysis of X-ray diffraction 
patterns confirmed that all the Sr2Coo.5Nb(Ta)o.504 and 
Sr3CoNb(Ta)O7 compounds were homogeneously synthe
sized. The XRD spectra assigned them to perovskite-related 
compounds with the K2NiF4 and Ruddlesden-Popper type 
tetragonal system, respectively. Rietveld-refinements fbr the 
XRD patterns were carried out using tetragonal phase with 
the space group of \4/mmm as shown in Figure 1. From the 
results of the refinement, the average distribution of each 
element and the distortion of the octahedral site in the lattice 
can be identified. The structural parameters determined by 
the Rietveld refinement fbr XRD patterns are listed in Table
1. The lattice parameters of the Nb-substituted compounds 
are smaller than those of the Ta-substituted compounds due 
to the smaller ionic radii of Nb. In the Table 1, the tetrago- 
nality refers to the ratio between Co/Nb(Ta)-O bond length 
along c-axis and that in c必plane. The tetragonalities fbr Ta- 
substituted compounds are larger than those fbr Nb-substi- 

tuted compounds. The parameters are closely related with 
the electronic configuration of the transition metal and phys
ical properties of the compounds.

The compounds Sr2Coo.5Nb(Ta)o.504 with z? = 1 in the gen
eral formula An+iBnOn+i consist of a rock salt (AO) layer 
and a perovskite (ABO3) layer, where as the compounds 
Sr3CoNb(Ta)O7 with 〃 = 2 consist of a rock salt layer and 
double perovskite layer alternately along c-axis. The inter
layer interaction between the rock salt and the perovskite 
layers was much weaker than the intralayer interaction in the 
Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O7 compounds. The 
weak interlayer interactions generally resulted in the elonga
tion of B-0 bond length in BC* octahedra along c-axis. The 
B()6 octahedra of the compounds Sr3CoNb(Ta)O7 with dou-

Ta비e 1. Rietveld analysis data of the Sr2Coo.sNb(Ta)o.5O4 and 
Sr3CoNb(Ta)O7 compounds

Compound SdCook
Nbo.5()4

SdCook 
Tao.Qi

Sr3Co-
NbO7 Sr3CoTaO7

Crystal system tetragonal (14/mmm)
Lattice parameter (A)

a 3.891(6) 3.897(6) 3.918(0) 3.921(7)
c 12.579(5) 12.601(7) 20.356(1) 20.362(0)

Cell volume (A3) 190.5 191.4 312.5 313.2
Bond length (A) [Co/Nb(Ta)-O]

ab plan 1.946 1.949 1.959 1.961
c axis 2.114 2.172 2.063 2.149

tetragonality (c/ab^ 1.086 1.114 1.053 1.096
Reliable R-factor

RP(%) 8.45 6.21 7.84 7.64
Rwp(%) 11.18 8.26 10.23 9.88

*The tetragonality means the ratio of the bond lengths Co/Nb(Ta)-O 
along c-axis and those in。如plane.

Figure 1. Rietveld refinement for XRD patterns of the (a) Sr2Coo.5Nbo.5O4, (b) Sr2Coo.5Tao.5O4, (c) Sr3CoNbO7, and (d) Sr3CoTaO7 
compounds.
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Figure 2. Co K-edge EXAFS spectra in Fourier transformed r-space of the (a) Sr2Coo.5Nbo.5O4, (b) Sr2Coo.5Tao.5O4, (c) SrsCoNbO?, and (d) 
Sr3CoTaO7 compounds.

ble perovskite layers between rock salt layers were more 
compressed along c-axis than those of Sr2Coo.5Nb(Ta)o.504.

The XRD analysis was limited on the average bulk struc
ture because the analysis was associated with the mean 
structure of long-range ordering. The detailed local structure 
around the Co atom was studied with X-ray absorption spec
troscopy. The local structures around the absorbing Co 
atoms were studied with the Co K-edge EXAFS spectra fbr 
the Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O7 compounds. 
Figure 2 shows Fourier transforms (FT) of the A3 weighted 
EXAFS spectra within the k-space range of 2.5 to 11.5 A-1 
fbr the compounds. The first FT peak at 〜1.7 A corresponds 
to six-coordinated oxygens of the nearest neighboring atom 
around the absorbing Co ion. Since the scattering paths in 
the higher FT region are highly overlapped, separation of the 
FT peaks is difficult. Therefore, obtain the correct informa
tion fbr the local structure of the CoOe octahedra with two 
different Co-0 bonds, the first Co-0 path within 1-2.5 A 
was considered only during fitting. On the basis of the XRD 
crystallographic structure, we confirmed that the first shell 

consists of two different Co-0 bonds. When the Fourier fil
tered EXAFS spectra were fitted, the coordination number 
of Co was fixed as N=2 fbr Co-0 bonds along c-axis and 
N=4 fbr those along qb-axis to resolve the information of 
two different bonds.

Structural parameters obtained from the EXAFS refine
ment are listed in Table 2. For the Sr2Coo.5Nb(Ta)o.504 and 
Sr3CoNb(Ta)O7 compounds, differences between the Co-0 
bond lengths in the Nb- and Ta-substituted compounds were 
not significant. In contrast with the lattice parameters, the 
Co-0 bond length was not affected by the substituted metal 
ions in the compounds. The tetragonalities, the ratio between 
Co-0 bond length (c/ab), were obtained using Co K-edge 
EXAFS and they are listed in Table 2. The CoC* octahedra 
of the compounds Sr2Coo.5Nb(Ta)o.5()4 with single perovs
kite layers between rock salt layers were more elongated 
along c-axis than that of Sr3CoNb(Ta)O? with double pero
vskite layers. Since the interlayer interactions between per
ovskite (ABO3) and rock salt (AO) layers were very weak, 
the Co-0 bonds of CoOe octahedra in the perovskite layer

T아)le 2. The bond length between atoms, Debye Waller factor, and etc. of the S12C00. sNb(Ta)o. 5O4 and SrsCoNb(Ta)O7 compounds

Compound Path (Co-O) So2 N 魚 xlOr*A2) r(A) Tetragonalitya 
(c- /a小-axes)

Sr2Coo.5Nbo.5O4 a,b axes 0.69 4 2.56 1.93 1.083 0.015
c axis 0.69 2 2.71 2.09

Sr2Coo.5Tao.5O4 a,b axes 0.72 4 3.87 1.94 1.088 0.038
c axis 0.72 2 4.13 2.11

Sr3CoNbO7 a,b axes 0.76 4 3.98 1.94 1.051 0.028
c axis 0.76 2 4.24 2.04

Sr3CoTaO7 a,b axes 0.83 4 5.77 1.95 1.075 0.032
c axis 0.83 2 5.79 2.10

aTetragonality means the ratio of Co-0 bond lengths along c-axis and those along a,b-axis. 67?-factor means the goodness of fit
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Figure 4. Plot of inverse molar magnetic susceptibility vs T for 
the Sr2Co0.sNb(Ta)o.5O4 and Sr3CoNb(Ta)O7 compounds at the 
temperature range of 5 to 300 K.

Figure 3. Co K-edge XANES spectra of the Sr2Coo.5Nb(Ta)o.504 
and Sr3CoNb(Ta)O7 compounds.

were elongated along c-axis fbr the Ruddlesden-Popper type 
compounds. The octahedra of the compounds Sr2Coo.5Nb- 
(Ta)o.5()4 were more elongated than Sr3CoNb(Ta)O7 since a 
perovskite layer of the former alternated with rock salt lay
ers. As the number of rock salt layers increased in the pero
vskite type compounds with chemical formula An+iBnO3n+i, 
the tetragonalities of the compounds increased.

Figure 3 shows the Co K-edge normalized X-ray absorp
tion near edge structure (XANES) fbr the Sr2Coo.5Nb(Ta)o.5- 
O4 and Sr3CoNb(Ta)O7 compounds. The weak “pre-edge” 
absorption peaks at 〜7707 eV correspond to the transition 
from Is electron to 3d orbital. Since the transition (Al = 2) is 
electric dipole forbidden in an ideal octahedral symmetry, 
theoretically, the pre-edge absorption should not be 
observed. However, the Is T 3d transition gain some inten
sity in Co K-edge XANES spectra of the compounds due to 
electric quadruple couplings and the relative Co 3d-4p cha
racter mixing in the non-centrosymmetric environment 
around Co ion in distorted CoOe octahedral site. The 
Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O? compounds exhib
its some intensity in the pre-edge region since the local 
structure of CoOe octahedra were tetragonally distorted. The 
main peak corresponds to the Is T 4p transition, which is 
allowed by the dipolemoment. There are small shifts in the 
peak position, since the valence state of Co ions was same 
fbr the Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O? compounds.

Magnetic property. The magnetic susceptibilities fbr the 
compounds were measured in the temperature range of 5 to 
300 K. The magnetic susceptibilities measured after cooling 
without a magnetic field are comparable to those measured 
after cooling with a magnetic field. The samples did not 
show any spin glass behavior. The inverse molar magnetic 
susceptibility as a function of temperature is shown in Figure 
4. The compounds Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O? 
displayed paramagnetic character above 5 K. The magnetic 
exchange interaction was very weak since the magnetic Co 
ion was surrounded by non-magnetic metal ions. Therefore,

Table 3. The magnetic parameters of the Sr2Coo.5Nb(Ta)o.504 and 
SrsCoNb(Ta)O7 compounds at the temperature range of 5 to 300 K

Compound C 打C) 仏 ff(B.M)
Sr2Coo.5Nbo.5O4 0.827 -27.5 2.57
Sr2Coo.5Tao.5O4 0.735 -29.6 2.43
Sr3CoNbO7 1.126 -17.7 3.00
Sr3CoTaO7 1.051 -22.3 2.90

there was no long-range magnetic ordering in the com
pounds Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O7 above 5 K. 
Magnetic parameters such as the Curie constant, the para
magnetic Curie temperature, and the effective magnetic 
moments were estimated by Curie-Weiss law. They are 
listed in Table 3.

As shown in Table 3, the paramagnetic Curie temperature 
and effective magnetic moment decreased as Ta was substi
tuted fbr Nb in the B site of the compounds. The effective 
magnetic moments depend on the electronic configurations 
of Co ions fbr the compounds Sr2Coo.5Nb(Ta)o.5()4 and 
SrsCoNb(Ta)O7. We confirmed on the basis of the effective 
magnetic moments that the Co ions have an intermediate 
spin state between low and high spin states. Generally, Co3+ 
ions convert from low spin state to high spin state with 
increasing temperature. Co3+ ions exist with high spin state 
in regular octahedra of perovskite type metal oxides at room 
temperature.15 However, since the CoOe octahedra were tet
ragonally distorted along c-axis fbr the compounds Si^Cook 
Nb(Ta)o.5()4 and Sr3CoNb(Ta)O?, the 3d orbital of Co ions 
exhibited D% symmetry in tetragonal field. When the Co ion 
was in CoOe octahedra with the D% symmetry, the eg orbital 
of 3d split into aig and big. If thermal energy does not over
come the energy gap, the Co ions exist with an intermediate 
spin state in the two-dimensional compounds. The Co ions 
were in the tetragonally-distorted octahedra with intermedi
ate spin state fbr the compounds Sr2Coo.5Nb(Ta)o.504 and
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1000/T
Figure 5. Plot of log electrical conductivity vs 1000/T for the 
Sr2Co0.sNb(Ta)o.5O4 and Sr3CoNb(Ta)O7 compounds at the temper
ature range of 285 to 1073 K under the air pressure.

Sr3CoNb(Ta)O7 at room temperature. Moreover, the Ta-sub
stituted compounds displayed smaller effective magnetic 
moments than Nb-substituted compounds, since the tetrago
nal distortion or tetragonality of the former is larger than 
those of the latter.

Electrical conductivity. The electrical conductivities 
were measured in the temperature range of 290-1000 K 
under atmospheric pressure. As shown in Figure 5, all the 
compounds exhibit the typical semiconducting property of 
electrical conductivity increasing with increasing tempera
ture. The activation energy of electrical conductivities are 
calculated using the slope in plots of log conductivity us 
1000/T, and they are listed in Table 4. The electrical conduc
tivity is described as the hopping conduction mechanism, 
which depends on the mobility as well as the concentration 
of the conduction carrier.

The conductivity of the Sr3CoNb(Ta)O? compounds was 
higher than that of the Sr2Coo.5Nb(Ta)o.5()4 compounds. The 
Sr3CoNb(Ta)O? compounds showed larger effective mag
netic moments than Sr2Coo.5Nb(Ta)o.504, which was linked 
to the structural distortion of octahedra as described in the 
magnetic properties. Therefore, the Sr3CoNb(Ta)O? com
pounds have higher electrical conductivities since the con
centration of conduction carriers of these compounds is 
larger than that of the Sr2Coo.5Nb(Ta)o.504.

In addition, the Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O? 
compounds have sin이e and double perovskite layers, 
respectively. Since the number of perovskite layer increases 
and then the mobility of the conduction carrier through the 
B-O-B linear bond increases in the Sr3CoNb(Ta)O? com
pounds, the conductivity of these compounds is higher than 
that of the Sr2Coo.5Nb(Ta)o.504 compounds.15 Finally, the 
electrical conductivity increased and the activation energy 
fbr the conduction decreased as the number of perovskite 
layers increased in the compounds with chemical formula 
An+ lBn()3n+1 .

Ta비e 4. Activation energies of the electrical conductivity for the 
Sr2Co0.sNb(Ta)o.5O4 and Sr3CoNb(Ta)O7 compounds

Compounds Temperature range Activation energy (eV)
Sr2Coo.5Nbo.5O4 290 < T < 440 0.42(8)

440 < T < 900 0.60(9)
Sr2Coo.5Tao.5O4 290 < T < 440 0.33(7)

440 < T < 900 0.54(8)
Sr3CoNbO7 290 < T < 670 0.41(2)

670<T<1000 0.27(2)
Sr3CoTaO7 290 < T < 760 0.44 ⑵

760<T<1000 0.33(3)

Con 이 usion

The Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O7 compounds 
with single and double perovskite layers between rock-salt 
layers were synthesized. Since the interactions between lay
ers along c-axis were very weak in the compounds, the weak 
interlayer interactions generally resulted in the elongation of 
B()6 octahedra along c-axis. As the number of perovskite 
layers increased in the compounds with general formula 
An+iBnO3n+i, the tetragonalities of the compounds decreased. 
Since the CoC* octahedra are tetragonally distorted along c- 
axis fbr the compounds Sr2Coo.5Nb(Ta)o.504 and Sr3Co- 
Nb(Ta)O7, the 3d orbital of Co ions have D4h symmetry in 
the tetragonal system. The Co ions were in the tetragonally- 
distorted octahedra with an intermediate spin state fbr the 
compounds Sr2Coo.5Nb(Ta)o.504 and Sr3CoNb(Ta)O7. Since 
the number of perovskite layers increased and then the 
mobility of the conduction carrier through the B-O-B linear 
bond along the ab plane increased in the Sr3CoNb(Ta)O7 
compounds, the electrical conductivity increased and the 
activation energy fbr the conduction decreased as the num
ber of perovskite layers increased in the compounds with 
chemical formula An+iBnO3n+i,
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