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Abstract The ceramic samples of the layered ferrocupratéssLn"y sBaCuFeQ.s(Ln', Ln" — La, Pr,
Sm, Gd, Yb) solid solutions using solid-state reastmethod were prepared and their crystal stnegtu
oxygen nonstoichiometry, thermal expansion, etadtdonductivity and thermo-EMF were investigated.
is found, that Lr'sLn"p sBaCuFeQ@. s oxides are the p-type semiconductors. It is shalat, structural
characteristics, oxygen nonstoichiometry, lineagrthal expansion coefficient and activation enerfly o
electrical conductivity of layered ferrocupratespdad on sizes of REE cations in their composition,
electrical conductivity and thermo-EMF values depen electronic configuration of ones.
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INTRODUCTION

The layered peroskite-like ferrocuprates of ramtkealements (REE) and barium are considered as
prospective base for development of new semiconuychemical sensors of gases [1, 2], electrode
materials for intermediate-temperature solid-oxitieel cells [3], as well as components of
thermoelectric generators operating at elevategé¢eatures [4, 5], which stipulates the great irdete
these compounds.

It is known that functional characteristics of axiohaterials can be essentially improved at pagal
and heterovalent substitution of cations in thauaure, so development of the methods of chemical
modification of layered ferrocuprates of REE andua is actual task, which has a great scientifid a
practical interest.

In this work the influence of partial substitutiohone REE by another on the crystal structuregery
stoichiometry, thermal expansion and electricapprtes of the ferrocuprates be.n"osBaCuFeG:s
(Ln', Ln" = La, Pr, Sm, Gd, Yb) solid solutionssnavestigated.
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MATERIALS AND METHODS

The ceramic samples of {&pBaCuFe@:s, PhsSnmysBaCuFe@s, SnysGohsBaCuFeGss,
Gy sYbo BaCuFe@,s ferrocuprates solid solutions were prepared fragOb. (pure grade), BO11 (pure
grade), SnOs (pure grade), G (pure grade), Yi0s (pure grade), CuO (super pure grade 9-2) ap@sFe
(super pure grade 2—4) and Ba{Q@ure grade) using solid-state reactions methagirimt 1173-1273 K
according to the method described in [6].

Identification of the samples and determinationtleéir lattice constants using X-ray diffraction
analysis (XRD) (diffractometer D8 Advance Bruker 8X(Germany), CukK- radiation) and IR
absorption spectroscopy (Furier-spectrometer NekusrmoNicolet) were performed. The oxygen
nonstoichiometry index of the samplé$ was determined using iodometry.

The apparent density of the samples was calculated using their mass and geometriosmsions.
Thermal expansion, electrical conductivity) (and thermo-EMF ) of ceramics were studied in air
within 300-1100 K using methods described in [4-@halues of the linear thermal expansion
coefficient (LTEC,a) and activation energy of electrical conductivififs) of the samples were
calculated from linear parts 6f/lo = f(T) and In@-T) = f(1/T) dependences respectively.

RESULT AND DISCUSSION

After final stage of annealing the kBLn",sBaCuFe@;s sampleswere monophase, within XRD
accuracy, and had perovskite structure — quasecubi=a,) for the LasPrpsBaCuFeQG:s,
Pro,sSmy sBaCuFe@.s oxides and YBaCuFef} type tetragonally distortec € a,, ¢ =2ay) [7] for the
SmysGthsBaCuFeQ.s, GaysYbosBaCuFeQ@.s solid solutions. The lattice constants of
Ln'gsLn"o sBaCuFe@,s phases obtained by us (table) are in a good aanoedwith the literature data
[6, 9, 10]. As can be seen from the fig.4, perovskite cell parametera,j and oxygen
nonstoichiometry indexdj of the layered ferrocuprates of REE and bariurpeetedly decrease at
decreasing of average ionic radius of REE, anda,thvef(Rav,Ln3+) dependence are close to the linear.

Table

Values of the lattice constantsg, ¢, V, a,), oxygen nonstoichiometry indexd) and wavenumbers of
absorption maxima 1, vz, v3) of Ln'gsL.n" o sBaCuFeGs.5 solid solutions

Compound 10%V, Vi, Vs, V3,

O | anm | ¢, nm 3 ap, NM i 1 ’

nm cm cm cm

LagsProsBaCuFeOs.s |0,39| 0,3894 - 59,05 0,3894 370 553 612
ProsSmgsBaCuFeOs,s |0,19| 0,3869 - 57,92 0,3869 378 579 608
Smg sGdgsBaCuFeOs,5 (0,08| 0,3896 | 0,7706 116,8 0,3882 372 557 663
Gdg 5YbgsBaCuFeOs,5 |0,02| 0,3873 | 0,7656 114,8 0,3858 366 571 656
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Fig. 1L Dependences of the perovskite cell parameggr ¢xygen nonstoichiometry inde)((a), LTEC (@) and
activation energy of electrical conductivitigaj (within 400—1000 K) ) of the layered ferrocuprates of REE
and barium on the average radius of REE caﬁ%anu(3+) [8]: 1- LnBaCuFe®. (Ln — La, Pr, Nd, Sm, Gd, Yb)
[6], 2 — Lay sEuBaCuFeQ.;s [9], 3 — LnpsLn"ysBaCuFe@.s (Ln', Ln" — Nd, Sm; Nd, Y; Lu, Y) [10}4 — results
of this work

IR absorption spectra of the pg'n"ysBaCuFe@;s solid solutions contained three pronounced bantks w
extrema at 366-378)1), 553-579 \{,) and 608—663vk) cmi™ (table). According to [11], these bands
correspond to the bending;( and stretching vibrations)4) of (Cu/Fe)-O—(Cu/Fe) bonds in the basal
[(Cu/Fe)Q] layers and stretching vibrationgs) of apical oxygen of (Cu/Fe)-O—(Cu/Fe) bonds ia th
structure of YBaCuFe£) type phases. On the base of obtained results aneanclude that anisotropy
degree of metal-oxygen interactior& Evs;—vy) in the tetragonally distorted $p®dhBaCuFeG:s,
GthsYboBaCuFe@ys ferrocuprates Av =85-106 ciif) is higher than in the quasi-cubic
Lag ProsBaCuFeQ@:s P sSmyBaCuFeQ@:s phasesiv = 29-59 crit). Anisotropy of the crystal structure of
the last two oxides obtained by means of IR absorgpectroscopy is small and do not manifesteth@rx-
ray diffractograms of the powders. So, vibraticatasorption spectroscopy in comparison with XRD aem
sensitive to the small distortions of the crystalcure of the layered perovskite-like oxides.

On the temperature dependence of relative elongatid-a sPrpsBaCuFeQ@.s phase near 650 K the
anomaly in a kink was observed, which was accongohmith increasing of LTEC values of the
sample from 12,9-I0K™ to 17,6-10° K™. According to the [6], this anomaly takes place doi the
rearrangement of the oxygen sublattice of this @xamd beginning of evolution of weakly-bonded
oxygen @) from its volume to the gas phase. Th¥l, =f(T) dependences of other ferrocuprates
studied were practically linear; so, we can conelutiat within temperature interval investigated th
structural changes in these oxides is absent @epded with negligible intensity and can’t be ditec
by means of dilatometry. As can see from the datangn the fig. 1b, the LTEC value of the layered
ferrocuprates of REE and barium slightly decreseeereasing of average cationic radius of REE.

The prepared by us lgiLn"ysBaCuFe@,;s solid solutions werep-type semiconductors; for
Lag sPrsBaCuFe@:s, PlhsSmysBaCuFe@.s samples near 700-750 K the conductivity character
changed from semiconducting into metallic and tleeEIMF began to increase due to the evolution of
weakly-bonded oxygemd) from the samples to the gas phase (fig. 2). Tdlees of activation energy
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of electrical conductivity of LgsLn"osBaCuFe@.s phases varied within 0,103-0,479 eV and
increased at decreasing of average radius of RE&nodig. 1,b) in their structure, which is in a good
accordance with the results of [6].
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Fig. 2 Temperature dependences of electrical conductajitand thermo-EMFK) of solid solutions of
Lay 5P sBaCuFeQ,s (1), P sSmysBaCuFeQ,s (2), SmysGdy sBaCuFe@ss (3), GthsYby BaCuFeQ,s (4)

Comparison of results obtained in this work witk therature data [4, 6] let us conclude that eieait
conductivity of the layered ferrocuprates of REH dmarium, in a whole, decreases, and thermo-
EMFincreases at increasingfeglectrons numbenj (decreasing of radius) of REE cation; moreover th
o =f(n), S=f(n) dependences are unmonotonous and possess «$ewtdwracter: the values of
electrical conductivity and thermo-EMF of bgl'n", sBaCuFe@;s solid solutions, with few exceptiohs
very different from the arithmetic mean for theRaCuFeQ.5, Ln"BaCuFe@.s phases (fig. 3).

It should be noted that electrical characteristickn’s sLn"p sBaCuFe@.s solid solutions also very differ
from those of their isoelectronic analogues: so,efample, for GgYbosBaCuFeQ.s (Gd**: [Xel4f’,
Yb®": [XeJ4f** n=10) at 1000 Ko = 0,243 Stm™ and S= 873pV (K™, while for HoBaCuFe@s
ferrocuprate (H8: [Xe]4f'% n=10) O1000=0,678 Stm, and So= 720pV (K [4]; for
Sy sGdysBaCuFe@.s solid solution (S [Xel4f, GA*: [Xe]4f”: n=6) O1000= 1,45 Sk, while
for isoelectronic by its (by REE) EuBaCuRggphase (EU: [Xe]4f®: n = 6)01000= 0,108 St [6].

So, electrical properties of the layered ferroctggaf REE and barium strongly depend on electronic
configuration of REE cations in their compositiam:particular, conductivity of phases which contain
REE cations with odd number of-dlectrons, is larger than conductivity of ferroratps on the base of
REE with even number off4lectrons; the marked regularity is more pronodnime the phases in
which the average charge of transition metal cat{mon and copper) closes to the +5(0). At the

! Thermo-EMF of LasPrpsBaCuFe@,s solid solution $o00= 188pV [K™) is practically equal to the half of sum of
thermo-EMF of LaBaCuFe(s (Sio00= 81,51V [K™) and PrBaCuFeQs phases $i000= 301uV [K™); reason for this is
that the concentration of charge carriers ("hol@s'the layered ferrocuprates of barium and lantihapraseodymium) is
determined mainly by their oxygen nonstoichiomé®&)y valued for Lay sPrp sBaCuFeQ@.s is 0,39 that close to the half the
sum ofd for ferrocuprates of lanthanum and barium (0,41 praseodymium and barium (0,28) [6].
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Fig. 3. Dependences of electrical conductivitydg and thermo-EMFS009 Of layered ferrocuprates
REE and barium on the average numbdraiéctrons of REE catiom) [8]: 1 — LhBaCuFe@.; (Ln —
La, Pr, Nd, Sm, Gd, Yb) [4, 62 — results of this work

same time, as follows from th& = f(Ray,1i°") dependence (fig, h), energetic of electrical transport in
layered ferrocuprates depends more strongly oraities of cation than on its electronic structure.

Thus, results of this work indicate the possibiigparate regulation of electrical characterigtretues

of electrical conductivity and thermo-EMF) and egetic of charge transfer in the layered
ferrocuprates of REE and barium by means of didepetial substitution of one REE by another in
their crystal structure, and regulation efficienogreases at decreasing of amount of weakly-bonded
oxygen in the sampled)(

CONCLUSION

By means of ceramic method the polycrystalline daspf the layered perovskite-like ferrocuprates
Ln'gsLn"psBaCuFe@.; (Ln', Ln" — La, Pr, Sm, Gd, Yb) solid solutionene prepared, their lattice
constants and oxygen nonstoichiometry were detexthiand their thermal expansion, electrical
conductivity and thermo-EMF were studied. It is whothat LnysL.n"p sBaCuFe@.s phases ar@-
type semiconductors. It is established that valusfs structural characteristics, oxygen
nonstoichiometry, linear thermal expansion coedinti and activation energy of electrical
conductivity of these phases strongly depend orsibre of REE cations in their structure, but values
of electrical conductivity and thermo-EMF of thengdes strongly depend on the electronic
configuration of the REE cations.
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