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YBaCuFe05+6 : A Novel Oxygen-Deficient Perovskite with a Layer 
Structure 
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A novel ordered oxygen-deficient perovskite with a layer structure, YBaCuFe05+8, was isolated. It 
was characterized by chemical analysis, Mossbauer spectroscopy, and magnetic susceptibility 
measurements versus temperature. Its structure was determined by powder neutron diffraction. It 
crystallizes in the tetragonal system with a = 3.867 A = or and c = 7.656 A = 2a,. The structure can be 
described as formed of [CuFeO& double layers of comer-sharing CuOs and FeO, pyramids, 
perpendicular to c. The cohesion between the layers is ensured by ytterium planes whereas the barium 
ions are located inside the layers. The relationships of this structure with those of YBa2Cu90,-8 and 
LaBa2Cu@-8 are discussed. o 1988 Academic press, ITIC. 

Introduction tinguish three-dimensional frameworks 
such as BaLa&5013+s (I, 2) and Las-&-, 

The mixed-valence copper perovskites CLI~O~~-~ (3, 4), which exhibit metallic con- 
form, among the oxygen-deficient per- ductivity but not superconductivity, from 
ovskites, a rather large family which has the two-dimensional structures such as that 
recently been studied for its ability to ex- of the tetragonal oxide LaBa2Cu@-8 (5, 6) 
hibit superconducting properties. One strik- and the orthorhombic oxide YBa$Zu307-S 
ing feature of those oxides deals with their (7-11) which are superconductors known 
high oxygen deficiency and with the fact for their high critical temperatures. An- 
that the oxygen vacancies are ordered lead- other example deals with the oxide Ba3 
ing to various superstructures of the ideal La&u 0 6 i4+a (I2-14), whose bidimensional 
perovskite cubic cell. One can indeed dis- character for 6 = 0 does not lead to any 
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superconductivity. It is well known that the 
partial replacement of copper by other ions, 
magnetic (Ni*+ , Fe3+) and nonmagnetic 
(Zn*+, A13’), will tend to destroy the super- 
conductivity, but the mechanism is by far 
not clear at the present time. Thus it ap- 
pears that the study of the replacement of 
copper by iron will be useful in order to 
understand all of these phenomena. In a 
recent paper (2.5) we have studied the mag- 
netic and electrical properties of a new 
family of perovskites Lao.sBao.sFel-,Cu, 
02.75-x,2+s (0 < x + 0.8) in which copper and 
iron exhibit the mixed valence: Cu(II)- 
Cu(II1) and Fe(III)-Fe(IV). This latter ox- 
ide is characterized by cubic symmetry, 
i.e., by a disordered distribution of the 
anionic vacancies in spite of its high oxygen 
deficiency. The present work deals with the 
synthesis and the structural study of a new 
oxygen-deficient perovskite YBaFeCuOs 
characterized by a lamellar structure. 

Experimental 

Synthesis 

Samples were prepared by solid-state re- 
actions in platinum crucibles from appro- 
priate mixtures of dried oxides CuO, 
Fe203, Y203, and carbonate BaC03. The 
powders were ground, heated in air at 
900°C for 12 hr, crushed, fired at 1000°C for 
24 hr, quenched to room temperature, and 
finally annealed in air at 400°C for 24 hr. 

Chemical Analysis 

To determine the mean oxidation state of 
the transition metal ions and consequently 
the oxygen content, chemical analysis was 
carried out by redox back titration using 
standard solutions of Fe2+ and potassium 
dichromate as described elsewhere (3). 

Structural Analysis 

The cell parameters were determined 
from X-ray powder diffraction patterns ob- 

tained with a Philips diffractometer using 
Cuba! radiation. The space groups were 
determined by electron diffraction using a 
Jeol 120 CX electron microscope. For 
structural studies, powder diffraction data 
were collected with the high-resolution dif- 
fractometer D2B at the Institute Laue- 
Langevin with A = 1.6002 A from 10” to 
148” in steps of 0.025” in 28. Calculations 
were done with a profile refinement of a 
diffraction lines program (16, 17). The fol- 
lowing scattering amplitudes (all in lo-‘* 
cm) were used (28): 0.525(Ba), 0.772(Cu), 
0.954(Fe), 0.775(Y), 0.580(O). 

Magnetic Measurements 

Magnetic susceptibility was measured as 
a function of temperature in the range lOO- 
800 K by the Faraday method using a Cahn 
RG microbalance. The Mossbauer spec- 
trum was obtained at room temperature 
with a spectrometer in conjunction with a 
multichannel analyzer. The velocity trans- 
ducer was calibrated by reference to the 
Mossbauer spectra of metallic iron. The 
recorded spectrum was compared to that 
calculated with a refinement program (19). 

Results and Discussion 

The study of the system YBaFez-,Cu, 
05.s-x,2+~ allows only one compound to be 
isolated for x = 1. Chemical analysis shows 
a very weak excess of oxygen (6 = 0.02 T 
0.01) leading to the composition YBaFe 
CUOS.~~ and involving copper and iron 
mainly in the oxidation state (II) and (III), 
respectively. The pervoskite-related X-ray 
diffraction pattern indicates a tetragonal 
cell with the following parameters a = b = 
3.867 8, = a,; c = 7.656 A = 2a,. The 
density measurement (d,, = 6.17) agrees 
with one YBaFeCuOs.,n species per cell 
(& = 6.17). 

The magnetic susceptibility measure- 
ments as a function of temperature (Fig. 1) 
suggest the presence of an antiferromag- 
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FIG. 1. Variation of XL’ as a function of absolute 
temperature for the oxide YBaCuFe05.0Z. 

netic order below 460 K. The magnetic 
order is supported by the Mossbauer spec- 
trum recorded at room temperature (Fig. 
2). Although the resolution of this spectrum 
was low, it could not be fitted with only one 
Fe contribution. In Table I the Mossbauer 
parameters obtained after refinement with 
two contributions for Fe ions are given. 
The values are in agreement with Fe3+ ions 
in two different distorted environments 
cm. 

In order to determine with accuracy the 
position of the oxygen vacancies in the cell 
of this new oxygen-deficient perovskite, a 
structural study was carried out by powder 
neutron diffraction. From X-ray, neutron, 
and electron diffraction patterns, no condi- 
tions of reflection are observed. This leads 
to eight possible space groups. Referring to 
the perovskite structure and in order to 
minimize the number of variable parame- 
ters, the most symmetrical space group 
which allows two different sites for iron and 
copper ions-P4mm-was chosen. Data 
were collected in the paramagnetic domain: 
T = 500 K. At this temperature the cell 
parameters were found to be a = 3.893(2) 
A, c = 7.751(3) A. 

First calculations were carried out in a 
nonoxygen-deficient model: 

Y and Ba were statistically distributed 
over two .1(a) sites (0, 0, z) with z = 0.0 
((Y,Ba)i) and z = 0.5 ((Y,BaL). 

FIG. 2. Mijssbauer spectrum at room temperature of 
the oxide YBaCuFe05,0z. 

0.62Cu + 0.38Fe were distributed in the 
l(b) site (i, f, z) with z = 0.25 ((Cu,Fe)J, 
and 0.38Cu + 0.62Fe in the l(b) site with 
z = 0.75 ((Cu,Fe)2), according to the Moss- 
bauer results. 

O(1) and O(2) in l(b) with z = 0.0 and 
z = 0.5; O(3) and O(4) in 2(c) with z = 
0.25 and z = 0.75 

For these atomic positions which cor- 
respond to those of the ideal perovskite and 
isotropic thermal factors of 1 A2, the nu- 
clear R factor R, (R factor calculated on the 
integrated intensities) was 0.643. This fac- 
tor was lowered to 0.117 after refinement of 
the variable atomic coordinates and ther- 
mal factors. The B factors resulting from 
this calculation for (Y,Ba)i : B = 1.97 A2, 
(Y,Ba)2: B = -0.33 A2, and O(2): B = 54.7 
A’ suggested an ordered distribution of 
barium and yttrium over the l(a) sites and 
that the O(2) oxygen was missing. Barium 
and yttrium were then located in (Y,Ba)i 

TABLE I 

M~SSBAUER PARAMETER, ISOMER SHIFT (a), 
QUADRUPOLAR SPLITTING (SQ), AND 

HYPERFINE FIELD (H) 

Site (E) 
8 SQ 

(mmkec) (mmkec) (h:) 

1 62 0.304 -0.014 370 
2 38 0.310 0.006 339 
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TABLE II 

VARIABLEPARAMETERSAFTERREFINEMENTOFTHE 
STRUCTURE(SPACEGROUP P4mm) 

Site Atoms x y Z B 

l(a) Ba 0.0 0.0 0.0226(22) 0.82(6) 
l(a) Y 0.0 0.0 0.5112(3) 0.58(4) 
l(b) (&/Fe), 0.5 0.5 0.2738(5) 0.47(11) 
l(b) (Cu/Fe)l 0.5 0.5 0.7387(6) 0.86(14) 
l(b) O(l) 0.5 0.5 0.0149(23) 1.68(8) 
2(c) O(3) 0.5 0.0 0.3331(9) 1.09(17) 
2(c) O(4) 0.5 0.0 0.7028(9) 0.89(13) 

and (Y,Ba)* sites, respectively, and the 
O(2) oxygen was removed from the struc- 
ture. Final refinement including this last 
hypothesis led to R, = 0.081 (Rp = 0.17, 
R exP = 0.15)’ for the coordinates and B 
values given in Table II. Attempts at calcu- 
lation with other Cu-Fe distributions over 
the two l(b) sites did not allow lowering of 
the R factors. Since the excess oxygen 
content was very low (6 = 0.02), the for- 
mula YBaCuFeOj was assumed in the final 
calculation. 

The structure of this oxide (Fig. 3) can be 
described as an ordered oxygen-deficient 
perovskite which exhibits a great similarity 
to the structures of YBa2Cu@-S (7-11) 
and LaBaZCujOTWs (5, 6). The barium and 
yttrium ions form planes perpendicular to 
c, which alternate according to the se- 
quence Ba-Y-Ba , . . , whereas the se- 
quence Ba-Ba-Y-Ba-Ba . . . is observed 
for the other two structures. Moreover, the 
oxygen vacancies are located at the same 
level as the yttrium ions in the three struc- 
tures, so that they all exhibit layers of 
polyhedra whose cohesion is ensured by 
yttrium ions. The layers [CuFeO& of 
YBaFeCuOs are themselves built up from 
double layers of corner-sharing CuOs and 
FeOS pyramids, whereas triple layers of 

’ 4 is the R factor calculated on the lines 
profile Bind R,,, is the R factor expected from the 
statistic. 

FIG. 3. Structure of the oxide for the ideal composi- 
tion YBaCuFeOS 

polyhedra are observed, for instance, in 
YBa#Zu307. It is worth pointing out that in 
all those compounds the barium ions are 
located inside the layers. 

The different interatomic distances (Ta- 
ble III) are in agreement with the sizes of 
the elements (22). In particular, the Y-O 
distances range from 2.38 to 2.44 A while 
the Ba-0 distances range from 2.75 to 3.14 
A. Two kinds of CuOs pyramids are ob- 
served whose distorsions are different: the 
first type exhibits five (Cu,Fe)l-0 equiva- 
lent distances close to 2.00 A, while the 
second one is characterized by four short 
(Cu,Fe)z-O distances (1.96 A) and one 
longer distance (2.13 A). 

Curiously, the most distorted square pyr- 

TABLE III 

INTERATOMIC DISTANCES 

M-O Distance (A) M-O Distance (ii, 

Ba-O(1) 2.753(l) x 4 (Cu/Fe)l-O(l) 1.998(19) x 1 
Ba-O(3) 3.086(2) x 4 (Cu/Fe)l-O(3) 1.999(2) x 4 
Ba-O(4) 3.143(2) x 4 

(Cu/Fe)2-O(1) 2.130(19) x 1 
Y-O(3) 2.383(l) x 4 (Cu/Fe)2-O(4) 1.966(l) x 4 
Y-O(4) 2.444(l) x 4 
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amid is that mainly occupied by Fe3+ ions 
(62%); but such distorted environments 
have been previously observed for this 
cation: for instance, in LaSrFe04 (22) the 
Fe06 octahedron exhibits four short Fe-O 
distances at 1.94 A and two long distances 
at 2.15 A. 

The only possibility of locating the ex- 
cess of oxygen with respect to the formula- 
tion YBaFeCuOs corresponds to the site 
l(b) (z = 0.5). This site is here almost 
empty (2% of occupancy) and the calcula- 
tions cannot be considered as significant. 

These results show clearly that YBaFe 
CUOS+~ can be considered as a layer struc- 
ture. A systematic study is in progress to 
understand the role of the rare-earth ion in 
the structure. It can already be stated that 
this bidimensional character is also ob- 
served in the case of the gadolinium oxide 
GdBaFe2-2xCu~05.+x+S (0.50 c: x 5 0.60 
and 6 = 0.03) (23). Very different results 
are observed by replacing yttrium with 
samarium and neodynium: the mixed va- 
lence of copper and iron appears whereas 
the bidimensional character of the structure 
disappears. 

References 

1. C. MICHEL, L. ER-RAKHO, AND B. RAVEAU, 
Mater. Res. Bull. 20, 667 (1985). 

2. C. MICHEL, L. ER-RAKHO, M. HERVIEU, J. 
PANNETIER, AND B. RAVEAU, .I. Solid. State 
Chem. 68, 143 (1987). 

3. L. ER-RAKHO, C. MICHEL, AND B. RAVEAU, J. 
Solid State Chem. 73, in press. 

4. C. MICHEL, L. ER-RAKHO, AND B. RAVEAU, .l. 
Phys. Chem. Solids, in press. 

5. C. MICHEL, F. DESLANDES, J. PROVOST, P. 
LWAY, R. TOURNIER, M. HERVIEU, AND B. 
RAVEAU, C.R. Acad Sci. Ser. 2 304, 1169 (1987). 

6. M. HERVIEU, N. NGUYEN, C. MICHAEL, F. 
DESLANDES, AND B. RAVEAU, C.R. Acad. Sci. 
Paris, Ser. 2 305, 1063 (1987). 

7. C. MICHEL, F. DESLANDES, .I. PROVOST, P. 
LWAY, R. TOURNIER, M. HERVIEU, AND B. 
RAVEAU, C.R. Acad. Sci. Ser. 2 304, 1059 (1987). 

8. R. J. CAVA, B. BATTLOG, R. B. VAN DOVER, D. 
W. MURPHY, S. SUNSHINE, J. SIEGRIST, J. P. 
REMEIKA, E. A. RIETMAN, S. ZAHUFZAK, AND G. 
P. ESPINOSA, Phys. Rev. Lett. 58, 1676 (1987). 

9. Y. LEPAGE, W. R. MCKINNON, J. M. TARASCON, 
L. H. GREENE, G. W. HULL, AND D. M. HWANG, 
Phys. Reu. B 35, 7246 (1987). 

10. T. SIEGRIST, S. SUNSHINE, D. W. MURPHY, R. J. 
CAVA, AND S. M. ZAHUUAK, Amer. Phys. Sot., 
March Meeting in New York, 1987. 

11. J. J. CAPPONI, C. CHAILLOT, A. W. HEWAT, P. 
LEJAY, M. MAREZIO, N. NGUYEN, B. RAVEAU, J. 
L. SOUEEYROUX, J. L. THOLENCE, AND R. TOUR- 
NIER, Europhys. Let?. 12, 1301 (1987). 

12. L. ER-RAKHO, C. MICHEL, J. PROVOST, AND B. 
RAVEAU, J. Solid State Chem. 37, 151 (1987). 

13. J. PROVOST, F. STUDER, C. MICHEL, AND B. 
RAVEAU, Synth. Met. 4, 147 (1981). 

14. J. PROVOST, F. STUDER, C. MICHEL, AND B. 
RAVEAU, Synth. Met. 4, 157 (1981). 

IS. L. ER-RAKHO, C. MICHEL, F. STUDER, AND B. 
RAVEAU, .I. Phys. Chem. Solids 48, 377 (1987). 

16. H. M. RIETVELD, J. Appl. Crystallogr. 2, 65 
(1969). 

17. A. W. HEWATT, Harwell Report AERE-R7350 
(1973). 

18. L. KOESTER AND H. RAUGH, “Summary of 
Neutron Scattering Lengths,” IAEA Contract 
2517/RB (1981). 

19. F. VARRET AND J. TEILLET, unpublished data. 
20. F. MESNIL, J. Phys. Chem. Solids 46,763 (1985). 
21. R. D. SHANNON, Acta Ctystallogr. Sect. A 32,751 

(1976). 
22. J. L. SOUBEYROUX, P. COURBIN, L. FOURNES, D. 

FRUCHART, AND G. LE FLEM, J. Solid State 
Chem. 31,313 (1980). 

23. L. ER-RAKHO, Thesis, University of Caen (1987). 


