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STRUCTURE AND PROPERTIES OF Ln'ysLn"(sBaCuFeOs.; (Ln', Ln" - REE)
SOLID SOLUTIONS

The ceramic samples of the layered ferrocuprates Ln'osLn"ysBaCuFeOs.s (Ln', Ln" - La, Pr, Sm,
Gd, Yb) solid solutions were prepared using solid-state reactions method, and their crystal struc-
ture, oxygen nonstoichiometry, thermal expansion, electrical conductivity and thermo-EMF were
studied. Ln'ysLn"ysBaCuFeOs,s oxides were found to be the p-type semiconductors. It was
shown that structural characteristics, oxygen stoichiometry, linear thermal expansion coefficient
and activation energy of electrical conductivity of layered ferrocuprates depend on sizes while
electrical conductivity and thermo-EMF values depend on electronic configuration of REE cati-

ons in their composition.

Introduction. The layered peroskite-like fer-
rocuprates of rare-earth elements (REE) and bar-
ium are considered as prospective base for de-
velopment of new semiconducting chemical sen-
sors of gases [1, 2], electrode materials for in-
termediate-temperature solid-oxide fuel cells [3],
as well as components of thermoelectric genera-
tors operating at elevated temperatures [4, 5],
which stipulates the great interest to these com-
pounds.

It is known that functional characteristics of
oxide materials can be essentially improved at
partial iso- and heterovalent substitution of cations
in their structure, so development of the methods
of chemical modification of layered ferrocuprates
of REE and barium is actual task, which has a
great scientific and practical interest.

In this work the influence of parial substitu-
tion of one REE by another on the crystal struc-
ture, oxygen stoichiometry, thermal expansion
and electrophysical properties of the ferrocu-
prates Ln'gsL.n"y sBaCuFeOs.s (Ln', Ln" — La, Pr,
Sm, Gd, Yb) solid solutions was investigated.

Experimental technique. The ceranmic sam-
ples of LagysProsBaCuFeOs.s, ProsSmgsBaCuFeOs,s,
Smo_5Gd0'5BaCUF605+5, Gd0<5Yb0_5BaCuFeOS+5 fer-
rocuprates solid solutions were prepared from
La,0; (pure grade), PrsO;; (pure grade), Sm,0;
(pure grade), Gd,0; (pure grade), Yb,O; (pure
grade), CuO (super pure grade 9-2) u Fe,O;
(super pure grade 2—4) and BaCO; (pure grade)
using solid-state reactions method in air at
1173-1273 K according to the method de-
scribed in [6].

Identification of the samples and determina-
tion of their lattice constants using X-ray diffrac-
tion analysis (XRD) (diffractometer D8 Advance
Bruker AXS (Germany), CuK, — radiation) and
IR absorption spectroscopy (Furier-spectrometer
Nexus ThermoNicolet) were performed. The ox-

ygen nonstoichiometry index of the samples (J)
was determined using iodometry.

The apparent density of the samples (pexp)
was determined using their mass and geometrical
dimensions. Thermal expansion, electrical con-
ductivity (o) and thermo-EMF (S) of ceramics
were studied in air within 300-1100 K using
methods described in [4—6]. Values of the linear
thermal expansion coefficient (LTEC, o) and
activation energy of electrical conductivity (£,)
of the samples were calculated from linear parts
of Al/ly=AT) and In(c-T) =f1/T) dependences
respectively.

Results and their discussion. After final
stage of annealing the Ln'ysLn"(sBaCuFeOs.s
samples were monophase, within XRD accuracy,
and had perovskite structure — quasi-cubic (a = a,)
for the LaysPrysBaCuFeOs.s, PrysSmgsBaCuFeOs,s
phases and tetragonally distorted YBaCuFeOs.s
type (a = a,, c #2a,,) [7] for the SmysGdy sBaCuFeOs.s,
Gdy 5YbgsBaCuFeOs. s solid solutions. The lattice
constants of Ln'gsLn"gsBaCuFeOs:s phases ob-
tained by us (table) are in a good accordance
with the literature data [6, 9, 10]. As can be seen
from the fig. 1, a, perovskite cell parameter (a,)
and oxygen nonstoichiometry index (3) of the
layered ferrocuprates of REE and barium expect-
edly decrease at decreasing of average ionic ra-
dius of REE, and the a, = f(Rav,LnH) dependence
are close to the linear.

IR absorption spectra of the Ln'sL.n"gsBaCuFeOs.5
solid solutions contained three pronounced bands
with extrema at 366-378 (v;), 553-579 (v,) and
608—663 (v3) cm' (table). According to [11],
these bands correspond to the bending (v;) and
stretching vibrations (v,;) of (Cu/Fe)-O—(Cu/Fe)
bonds in the basal layers [(Cu/Fe)O,] and stretch-
ing vibrations (v3) of apical oxygen of (Cu/Fe)—
O—(Cu/Fe) bonds in the structure of YBaCuFeOs.
type phases.
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Values of the lattice constants (g, ¢, V, a,), oxygen nonstoichiometry index (3) and wavenumbers of absorption max-
ima (vy, v, v3) of Ln'gsLn'"y sBaCuFeOs,; solid solutions

Compound ) a,nm | ¢,nm 10> V, nm’ ap,nm | vy, cm’! Vs, cm’! V3, cm’!
LaysProsBaCuFeOs, 5 0.39 | 0.3894 - 59.05 0.3894 370 553 612
PrysSmysBaCuFeOs.; | 0.19 | 0.3869 — 57.92 0.3869 378 579 608
SmysGdysBaCuFeOs.; | 0.08 | 0.3896 | 0.7706 116.8 0.3882 372 557 663
Gdys5YbysBaCuFeOs,s | 0.02 | 0.3873 | 0.7656 114.8 0.3858 366 571 656

On the basis of obtained results one can con-
clude that anisotropy degree of metal-oxygen inter-
actions (Av =v;—Vv;) in the tetragonally distorted
Smy sGdysBaCuFeOs.s, GdgsYbysBaCuFeOs,s fer-
rocuprates (Av = 85-106 cm ") is higher than in the qua-
si-cubic LagsPrysBaCuFeOs;s, PryosSmgsBaCuFeOs,s
phases (Av=29-59 cm'). Anisotropy of the
crystal structure of the last two oxides obtained
by means of IR absorption spectroscopy is small
and do not manifested on the X-ray diffracto-
grams of the powders. So, vibrational absorp-
tion spectroscopy in comparison with XRD is
more sensitive to the small distortions of the
crystal structure of the layered perovskite-like
oxides.

On the temperature dependence of relative
elongation of LajsProsBaCuFeOs.s; phase near
650 K the anomaly in a kink was observed,
which was accompanied with increasing of
LTEC values of the sample from 12.9-10° K to
17.6:10 °K'. According to the [6], this anomaly
take place due to the rearrangement of the oxygen
sublattice of this oxide and beginning of evolution
of weakly-bonded oxygen (8) from its volume to

the gas phase. The Al/ly=f(T) dependences of
other ferrocuprates studied were practically
linear; so, we can conclude, that within tempera-
ture interval investigated the structural changes
in these oxides is absent or proceeded with neg-
ligible intensity and can not be detected by
means of dilatometry. As is seen from the data
given in the fig. 1, b, the LTEC value of the
ferrocuprates of REE and barium slightly de-
creses at decreasing of average cationic radius
of REE.

The prepared by us Ln'gsLn'"gsBaCuFeOs.s
solid solutions were p-type semiconductors; for
LagsProsBaCuFeOs;s, ProsSmgsBaCuFeOs.s sam-
ples near 700-750 K the conductivity character
changed from semiconducting into metallic and
thermo-EMF began to increase due to the evolu-
tion of weakly-bonded oxygen (8) from the sam-
ples to the gas phase (fig. 2). The value of acti-
vation energy of electrical conductivity of
Ln'gsLn"ysBaCuFeOs.s phases varied within
0.103-0.479 eV and increased at decreasing of
average radius of REE cation (Fig. 1, b), which is
in a good accordance with the results of [6].
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Fig. 1. Dependences of the perovskite cell parameter (a,), oxygen nonstoichiometry index (8) (a), LTEC (o)
and activation energy of electrical conductivity (£,) (within 400—-1000 K) () of the layered ferrocuprates of REE
and barium on the average radius of REE cation (RaV,Ln”) [8]: 1 — LnBaCuFeOs.s (Ln — La, Pr, Nd, Sm, Gd, Yb) [6],
2 —La, ,Eu,BaCuFeOs.; [9], 3 — Ln'ysLn" sBaCuFeOs,s (Ln', Ln" — Nd, Sm; Nd, Y; Lu, Y) [10],

4 —results of this work



Chemistry and Technology of Inorganic Materials and Substances 29

1

c,S cem’! S, uV-K
10" 3 | =
1000 - p
10° 1 3
8004 k4
107" <
600
107+
- 4004
] -0-2
10”5 el
200
k4
107+ o
400 600 800 1000 400 600 800 1000
T K T,K
a b

Fig. 2. Temperature dependences of electrical conductivity (a) and thermo-EMF () of solid solutions of
LaO’SPIO'SBaCuFCOyg (1), Pr0.5sm0'5BaCuFeO5+5 (2), Smodeo'sBacheOer@ (3), Gd0.5Yb045BaCUFCO5+5 (4)

Comparison of results obtained in this work
with the literature data [4, 6] let us conclude that
electrical conductivity of the layered ferrocu-
prates of REE and barium, in a whole, decreases,
and thermo-EMF increases at increasing of f-
electrons number (n) (decreasing of radius) of
REE cation; moreover the o = f(n), S=f(n) de-
pendences are unmonotonous and possess «saw-
tooth» character: the values of electrical conduc-
tivity and thermo-EMF of Ln'ysLn"ysBaCuFeOs.s
solid solutions, with few exceptions', very dif-
ferent from the arithmetic mean for the
Ln'BaCuFeOs.s, Ln"BaCuFeOs.s phases (fig. 3).

It should be noted that electrotransport character-
istics of Ln'osLn"gsBaCuFeOs.s solid solutions also
very differ from those of their isoelectronic ana-
logues: so, for example, for GdysYb,sBaCuFeOs.s
(G&": [Xeldf, Yb'": [Xel4f: n=10) at 1000 K
6=0243S-cm and S=873 uV- K", while for
HoBaCuFeOs,s ferrocuprate (Ho " [Xe]4f'": n=10)
G1000 = 0,678 S- cmﬁl, and SlOOO =720 },I,V . K71 [4],
for SmysGdysBaCuFeOs.s solid solution (Sm’":
[Xeldf, G&*": [XeJdf: n=6) o1o00=145S -cm™,
while for isolectronic by its (by REE) EuBaCuFeOs.s
phase (Eu’": [Xe]4/*: n=6) 61000 =0.108 S - co ' [6].

' Thermo-EMF of LagsPrysBaCuFeOs,s solid solution
(S1000 = 188 uV - K is practically equal to the half of sum
of thermo-EMF of LaBaCuFeOs.s (Sigoo=281,5uV -K™)
and PrBaCuFeOs.5 phases (Sjpo0 = 301 pV - K'); reason
for this is that the concentration of charge carriers
("holes") in the layered ferrocuprates of barium and lan-
thanum (praseodymium) is determined mainly by their
oxygen stoichiometry (8); value & for Lay sProsBaCuFeOs,s
is 0,39 that close to the half the sum of 6 for ferrocu-
prates of lanthanum and barium (0,47) and praseodymi-
um and barium (0,28) [6].

As it seen, electrotransport properties of the
layered ferrocuprates of REE and barium strong-
ly depend on eclectronic configuration of REE
cations in their composition: in particular, con-
ductivity of phases which contain REE cations
with odd number of 4f-electrons, is larged than
conductivity of ferrocuprates on the base of REE
with even number of 4f-electrons; the marked
regularity is more pronounced for the phases in
which the average charge of transition metal cat-
ions (iron and copper) closes to the +2.5 (6 = 0).
At the same time, as follows from the
E, = ﬂRaV,Ln”) dependence (Fig,1, b), energetic
of electrotransport in the layered ferrocuprates
depends more strongly on the radius of cation
than on its electronic structure.
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Fig. 3. Dependences of electrical conductivity (c990)
and thermo-EMF (S;¢g) of layered ferrocuprates of
REE and barium on the average number of f-electrons
of REE cation (n) [8]: / — LnBaCuFeOs,s (Ln — La,
Pr, Nd, Sm, Gd, Yb) [4, 6], 2 — results of this work
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Thus, results of this work indicate the possibil-
ity separate regulation of electrotransport character-
istics (values of electrical conductivity and thermo-
EMF) and energetic of charge transfer in the lay-
ered ferrocuprates of REE and barium by means of
directed partial substitution of one REE by another
in their crystal structure, and regulation efficiency
increases at decreasing of amount of weakly-
bonded oxygen in the samples (5).

Conclusion. By means of ceramic method the
polycrystal samples of the layered perovskite-like
ferrocuprates Ln'gsLn"ysBaCuFeOs.s (Ln', Ln" —
La, Pr, Sm, Gd, Yb) solid solutions were prepared,
their lattice constants and oxygen nonstoichiometry
were determined and their thermal expansion, elec-
trical conductivity and thermo-EMF were studied.

It was shown that Ln'ysL.n" sBaCuFeOs,s phas-
es are p-type semiconductors. It was found that
values of structural characteristics, oxygen non-
stoichiometry, linear thermal expansion coefficient
and activation energy of electrical conductivity of
the layered ferrocuprates strongly depend on the
size of REE cations in their structure, but values of
electrical conductivity and thermo-EMF of the
samples strongly depend on the electronic configu-
ration of these REE cations.

The work was carried out at support of SCPSI
«Crystal and molecular structures» (task 33).

References

1. Sensor Properties of Some Perovskite-Like
Metal Oxides / L. Bashkirau [et al.] / Chemical
Sensors. Suppl. — 2004. — Vol. 20. — P. 304-305.

2. Kapiamiok, A. U. CeHcopHble CBOICTBa
¢deppokymnparoB YBa(Fe,M)Os (M — Mn, Co, Ni) /
A. U. Kneiagrok, E. A. Unxosa, U. A. TapateiH //
Tpyast BI'TY. Cep. 111, Xumus 1 TEXHOJIOTHUS He-
oprad. B-B. — 2005. — Beim. III. — C. 54-58.

3. Electrochemical performances of LaBa-
CuFeOs. and LaBaCuCoOs.4 as potential cathode
materials for intermadiate-temperature solid oxide
fuel cells / Q. Zhou [et al.] // Electrocheni. Com-
mun. —2009. — Vol. 11. — P. 80-83.

4. Knemmok, A. W. Tepmosnexkrpuueckue
cBoicTBa cioucThiX (eppokynparoB LnBaCuFeOs ;s
(Ln = La, Pr, Nd, Sm, Gd-Lu) / A. W. Kneaarok //
®wusuka tBepaoro tena. — 2009. — T. 51, Beim. 2. —
C.237-241.

5. TepMOdNIEKTpUYECKHE CBOWCTBA HEKOTOPHIX
MepoBCKUTHBIX OkcuzioB / A. W. Knemrok [u np.] //
TepmoanektpuuectBo. — 2009. — Ne 3. — C. 76-84.

6. Kmemmok, A. W. Cpoiictea a3 RBaCuFeOs.s
(R -Y, La, Pr, Nd, Sm-Lu) / A. . Kneiaatox,
E. A. Ymxosa // Heopranumueckue MaTepHajbl. —
2006. —T.42, Ne 5. — C. 611-622.

7. YBaCuFeOs:5: a Novel Oxygen-Deficient
Perovskite with a Layer Structure / L. Er-Rakho
[et al.] // J. Solid State Chem. — 1988. — Vol. 73. —
P.531-535.

8. Shannon, R. D. Revised Values of Effective
Ionic Radii / R. D. Shannon, C. T. Prewitt // Acta
Crystallogr. — 1969. — Vol. 25B. — Pt. 5. — P. 946-960.

9. Structure and magnetic properties in the La;_
Fu,BaCuFeOs.5 system / L. Er-Rakho [et al.] //
Solid State Sciences. —2005. — Vol. 7. — P.165-172.

10. Moessbauer, TGA and X-Ray Powder
Diffraction Study of the Compounds
RE(1).5RE(2).5BaCuFeOs; RE(1), RE(2) = (Nd,
Sm), (Nd, Y), Lu, Y) / M. Pissas [et al.] / Proc. of
the 1ICMAS-91 (Paris) “Superconductivity Materials
Physics and Applications”. — 1991. — P. 263-268.

11. Raman and Infrared-Active Phonons in
YBaCuFeOs: Experimental and Lattice Dynamics/
Y. K. Atanassova [et al.] / Phys. Rev. — 1993, —
Vol. 47. - P. 15201-15207.

Received 03.03.2013






28

ISSN 1683-0377. Tpyast BI'TY. 2013. N° 3. XuMus U TEXHOJIOTHs HEOPraHMUECKHUX BELIECTB



