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ABSTRACT

The LaBa MCuFeG.s (M — Sr, Ca, Mg) solid solutions had been preparétir unit cell
parameters had been determined, and their eledtdoaductivity and thermo—EMF in air at 300—
1100 K had been measured. It has been found tB&LM.CuFeG. soxides have cubic structure
and are the p—type semiconductors. Ondhe f(x), o= f(x), En = f(X), E, = f(x) dependences for
LaBa_,SrCuFeQ, s solid solutions at x = 0,25 the anomalies had bdetected. These anomalies
are connected, probably, with the ordering of*LaB&* and Sf* cations in the LaBa
SKCUFeQ.s structure leading to the formation of the new civam compound
LaBassSnCuFeQ. s

Keywords: Layered perovskites, solid solutions, crystalaure, oxygen nonstoichiometry,
electrical conductivity, thermo-EMF.

INTRODUCTION

Different functional materials belong to the peitates family, including high-temperature
superconductors (HTSC), magnetoresistive mangamhé@eselectrics, thermoelectrics, catalysts,
chemical gas sensors etc. [1-6].

To obtain the functional materials with improvedaccteristics the perovskite-like oxides can be
modified using charge control (heterovalent ionibditution, creation of ionic nonstoichiometry [1—
4,7]), spin control (isovalent cationic substitation the perovskite structure by cations with other
electronic configuration [1-3,8,9]) or size contfmitersubstitution of cations of rare-earth (REIE)
alkaline-earth elements (AEE) in the structurearbpskite or perovskite-like oxides [1,4,10,11]).
Change of perovskite oxides composition by mearshafge or spin control let us effectively and
strongly regulate their electrical and magnetic pprties [1-3,7-9], but variation of their
composition at size control (by means of «chempralssure») can be considered as method of
«soft» regulation of properties of functional matksr [1,4,10,11]. Herewith optimization of
parameters of materials is often reached at smb#tgutions degree of one AEE by another which
demonstrates the complex character of interrelatfoperovskite properties and size of cations in
their structure. So, in work [12] is shown that thaximal value of critical current densityc) in
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YBa,«SKCwsO75 HTSC reaches at= 0,2 and lower critical fieldHc,) atx = 0,4. Authors of [13]

found that partial substitution of Baby SF* led to the increasing of corrosive stability ofamaics

to the HO, and the maximal stability possesses the composif YBa; gSr 2CuzOg gs2

Layered ferrocupratetnBaCuFe@.s (Ln# La) have tetragonally distortechtb=a, c=2ay)
perovskite structure [14,15]) which consists ofldledayers of Cu@and Fe@ pyramides connected by
caps; B4 ions are within these double layers, but'lions are placed between them. The doubling of
perovskite unit cell takes place due to the ordeohB&" and Lri* ions along: axis. The structure of
LaBaCuFe@.s is quasicubic [16,17] due to the statistical reprgation of LA and B&" cations which
sizes are closed [18] in the structure of this ph&®rrocuprates can be used as catalysts [19] or
semiconducting gas sensors [20] which stipulatestiic and practical interest to these compounds.

In this work the influence of partial substitutiofi Ba®* by M?>* (M — Sr, Ca, Mg) on the crystal
structure and electrical properties of LaRslCuFeQ.s (M = Sr, Ca, Mg) solid solutions is
studied.

MATERIALS AND METHODS

The powders of LaBaMCuFeQ.s (M = Sr, Ca, Mg) solid solutions by means of ceramathod
from La(NGy)s-6 HO (chemically pure grade), BagGQoure grade), SrC{(chemically pure grade),
CaCQ (pure grade), MgC@®(chemically pure grade), §&; (ultra pure grade) and CuO (ultra pure
grade) in air within 1173-1273 K during 40-80 h evprepared [21]. For measurements of electrical
conductivity and thermo-EMF of the samples from pogvders the pellets having diameter of 9 mm
and thickness of 3-5 mm and bars having dimen&gBs30 mm at pressure of 1-3 MPa were presse
and then sintered in air at 1273 K during 5-10 h.

X-ray diffraction (XRD) analysis of the samples diffractometer DRON-3 (Cul&radiation) was
performed. Accuracy of determination of perovskil dimension was\a, =+0,004 A. The
oxygen nonstoichiometry index of the sampl@swas determined using iodomet#&&(= +0,01).
Before measurements of electrical properties efsimples on their surface the Ag—electrodes were
formed by means of burning of silver paste at 1K7@uring 15 min. Electrical conductivityo] of
ceramics using 4—probe method (direct current)iiraial’ = 300—-1100 K in dynamical mode with
heating and cooling rate of 3-5 K-mlin(3(0) <5 %) was measured. The values of electrical
conductivity of ceramics studied on the zero payossing methodics [22,23] were recalculated. The
coefficient of thermo-EMFS) of the samples was determined in air within 3@BALK in dynamical
mode at heating at cooling rate of 3-5 K-Thi®(9 < + 10 %) at temperature gradient between hot
and cool ends of the samples about 20-25 K.

RESULTS AND DISCUSSIONS

The phase of LaBaCuFeQ; was cubic and its reflexes were indexed u$n@m space group with
parameter: = 3,924 A which is close to the data given in1¥&1]. The samples of LaBa,CuF&s.s
solid solutions after final stage of annealing2t3 K were monophase, within XRD accuracy, and were
also cubic with unit cell parametey = 3,885-3,921 A (see table). The size of unit oéllLaBa_
MCUF&®s.5 phases decreases at increasing of substitutioreederf barium of other AEE and at
decreasing of ionic radii of this AEE.

Nonlinearity ofa, = f(x) dependences for LaBaVi,CuF&s.5 (Me = Sr, Mg) phases (table, figal,

is, probably, due to the decreasing of oxygen ctnte the samples at increasing of substitution
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degree of B& by SF*, Mg®*. Effectd on the value of unit cell of LaBaM,CuFe)s.s phases is in a
good accordance with the data [25] and is provedhbyfact, that;, parameter of solid solutions
with nearly equal substitution degree of bariumablyer AEE changes contrary to the content of
oxygen in themd) (table). Existence of extremaxat 0,25 on the dependencesipf= f(x), d = f(X)

(fig. 1, a, b) for the LaBaSKCuF&s.s phases can be explained by the ordering &, 1Be’* and
S ions in their structure with formation of the neampound of LaBaSr,CuFeG 45[26].

Table
Perovskite unit cell parameter @) and values of activation energy of electrical
transfer (Ep, En) of LaBa; xMxCuFeOs.5 (M = Sr, Ca, Mg) solid solutions

O6pazen ap, A Ep, eV En, eV
LaBaCuFe@4; 3,924 0,020 0,045
LaB&),gssro,o5CUFeO;,,45 3,921 0,029 0,052
LaBa),8758r0,125CU FeQ,,42 3,918 0,034 0,039
LaBaygSh ,CuFeQ 4 3,912 0,038 0,033
LaBay 7:S0 2:CuFeQ 4 3,889 0,023 0,077
LaBa;;Sro,gCu FeQ,42 3,895 0,035 0,024
LaBa),ngsr()g?ECU FeQ,,43 3,898 0,035 0,084
LaBay 5:Sio.4:=CUFeQ 27 3,885 0,022 0,035
LaBaysCa -CuFeQ » 3,908 0,024 0,146
LaBa 7sMgo 2sCUFeQ 3; 3,914 0,037 0,080
LaBaysMdosCUFeQ 3,916 0,040 0,091

As can be seen from the fig.2, the LaRdCuFe)s.s solid solutions are the-type
semiconductors which conductivityo) character changes from semiconductir@gf/(*r >0) to
metallic (a%T<O), but thermo-EMF coefficient§ begins increasing near 700 K due to the

evolution of the weakly-bonded oxygen from the sk®mpnto environmentdj [21]. Electrical
conductivity values of the LaBaMyCuFes.s solid solutions, in the whole, decreased at

Fig. 2. Temperature dependences of electrical conductiv{g) and thermo-EMFS (b) of
LaBaCuFe@.; phase 1) and LaBa,M,CuFeQ,; solid solutionsM = Sr,x = 0,25 @), 0,45 B); M =
Ca,x=0,50 @); M fd\ﬂg,x =0,50 b)
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substitution of barium by calcium or magnesium andmonotonously changed at substitution of
barium by strontium. The =f(x) dependences for the LaB®&rKCuFeQ.s phases at different
temperatures were similar to the: f(x) (fig. 1, b) dependence, which proves the main role of
oxygen sublattice state of ferrocuprates on tHetrteotransport properties.

The presence of the sharp maximum onahef(x) dependence for LaBa&SKCuFeQ.s atx = 0,25
is additional reason to consider this compositismew individual compound LaBzSn,,CuFeQ.s
(LayBagSrCwFesO204) [26]. TheS value for the LaBaMCuF&s.s phases at room temperature was

equal about 10-50V- K™ (fig. 2,b) and, in the whole, increased at decreasing ajexgontent (58) in
the samples.

The charge transport in the layered ferrocuprabes@room temperature usually described in the

frame of model of small polarons hopping [22,25). this case theo =f(T) and S=1(T)
dependences described by equations (1):

o=0, 0" exp( E%D.) ,

s=5.157+®),
where E, = (E, + En) and Es are the activation energy of electrical condutsthand thermo-EMF

respectively, bug, = Es andE, are the activation energy of charge carriers amigtagion energy of
their transport [27].

As can be seen from the figad, the In(cT)=f(}1) and S=f(}1) dependences for the

La(Ba,M)CuF®s.5 phases are linear within wide temperature intef@alT < 700 K, & = const),
which proves the possibility to use the model ofabknpolarons hopping at describing of their
electrical properties. Values Bf andE, for the LaBa ,MxCuFés.s ferrocuprates are given in the
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Fig. 1. Concentrational dependences of the perovskitecetliparametea, (a), oxygen
nonstoichiometry inde® (b), activation energy of the charge carriggc) and activabn energy
of their transfeg,, (d) for the phases of LaBaSrL,CuFeQ.s
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Fig. 3. Dependences of la(T) (a) and thermo-EMFS (b) versus inverse

temperature for the LaBaV,CuFeQ,s phasesM = Ba (L); M = Sr,x = 0,05 @),
0,25 @), 0,45 @); M = Ca,x=0,50 b); M = Mg, x = 0,50 6)

table and on the fig. dd. As it seen from the fig. 1, for the LaB#M,CuFes.s phases th&, =f(x)
andEy, =f(X) dependences are similar to the=f(x) andd = f(x) dependences respectively. So, from
the data obtained one can conclude that value tbfaion energy of charge carriers in LaBa
*MyCuFe)s.5 decreases at increasing of degree of overlapgiigu@-e) 3 and Op—orbitals, but
activation energy of their transport in (Cu,Fe}fayeres of these phases increases at decreasing of
content of weakly-bonded oxygen in the Ld&yers.
The last conclusion is in contrary with the reswaitsvork [25] in which was shown that activation
energy of electrical transport in LaBaCukgfncreases at decreasing of oxygen contend)(&
it. One can eliminate this discrepancy by assuntirag value of activation energy of transport of
charge carriers in LaBaMCuFe)s.5 solid solutions depends not only on value of oxyge
nonstoichiometry of these phases but also on aergelegree of labile oxygen in the Lgdayers of
their crystal structure. In other words, extrematlo®En, = f(x), E, =f(X) dependences (fig.dd)
for the LaBa,SrCuFeQ.s are due the same reasons that extrema ongthef(x), o =1f(X)
dependences (fig. 1a, b), namely, by ordering of cations of lanthanum aA&E (and,
consequently, by ordering of oxygen vacancieshénstructure of these phases.
Thermo-EMF coefficient and electrical conductivity somep-type semiconductors are binded
with equation (2):

S=const—A:-Ino, (2)

where A= k [27,28]. As it seen from the fig. 4, dependendeS ©f(Ino) for LaBa «MCuF&s.5
€

ferrocuprates are linear, but value Afcoefficient for the samples studied is equal oBly-33
HV- K™, which is lower than theoretical valu £ 86,17uV-K™).

These low value oA in equation (2) for the layered ferrocuprates eaBa_MCuFe&s.s are not
unique; so, earlier for the layered cuprates of,g86/3)4(BayaNd1/3)4CusO16:x [28] and YBaCusOr_5
[29—30] were obtained valués= (43—44)V- K™, which, taking into account accuracy of experiment
IS close to the values &, which was found by us for the LaBdCuFeOs.s phases. To explain the
obtained results, authors of [28] presumed thatuiprates of (NghCeys)a(Bap/sNd1/3)4CusO164x and
YBa,Cuw;O;5 at high temperatures the charge carriers aredsgmd. Taking into account the structural
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closeness of layered cuprates of ¥YBaO-_s type and ferrocuprates, one can presume, thiag ilatter
electrical transport takes place by means of thirmactivated transfer of bipolarons.

30
1_

7,5 7,6 7,7 7,8 7,9 8,0 8,1
In(s, S'm’)

Fig. 4. Dependences of thermo-EMFversus lo for the LaBa,SrCuFeQ.s
ferrocupratesx = 0,05 (), 0,125 ), 0,375 B)

CONCLUSION

In this work using ceramic method the LaR®I,CuFes.s (M — Sr, Ca, Mg) ferrocuprates solid
solutions are synthesized, their crystal structume electrical properties are studied. It is fothmat
LaBa M CuFes.5 phases have cubic structure and pr&ype semiconductors; the activation
energy of electrical transport process in thesalexiare determined. On the concentrational
dependences of parameter of perovskite unit cglgexx nonstoichiometry index and parameters of
electrical transport of LaBaSrKCuFeQ.; phases at = 0,25 the anomalies are observed, which are
connected with ordering of B3 B&* and Sf* cations in their structure with formation of thewn
chemical compound of LaBaSn,,CuFeQ:s. On the base of complex analysis of electrical
conductivity and thermo-EMF of LaBaMCuFes.5 phases one can conclude that charge carriers
in these phases are bipolarons.

ACKNOWLEDGEMENTS

This work was carried out at financial support CPSI «Crystal and molecular structures»
(task33) and Belarusian Republican Foundation fmdamental Research (grant Ch99M-022).

REFERENCES

[1]. Fotijev A.A., Slobodin B.V., Fotijev V.A., Hig-Temperature Superconductors Chemistry and
Technology. Ekaterinburd,993

[2]. Nagaev E.L., Physics — Uspekhf96 39, 781-805.

[3]. Venevcev Yu. N., Politova E.D., Ivanov S.AgrFo- and Antoferroelectrics of the Barium
Titanate Family. M., Chemistry,985

107



Andrey |. Klyndyuk Journal of Applied Chemistry, 2014, 2(1):102:108

[4]. Koumoto K., Terasaki I., Murayama N. (eds.xi@® Thermoelectrics. Research Signpost,
Trivandrum, India2002

[5]. Moiseev LI, Kinetics and Catalysi2Q01], 42, 1, 5-29.

[6]. Bogue R.W., Sensor revie@002 22, 4, 289-299.

[7]. Kol'tsova T.N., Nipan G.D., Russ. J. Inorghé€n.,1996 41, 12, 1844-1847.

[8]. Vanitha P.V., Singh R.S., Natarajan S., Rad.R., Solid State Commuri999 109, 135-140.
[9]. Maignan A., Pelloquin D., Flahaut D., Caigriaér, J. Solid State Chen2004 177, 3693—-3699.
[10]. Kim H.J., Choo W.K., Lee C.H., J. Eur. Cerddoc.,200], 21, 1775-1778.

[11]. Dabrowski B., Chmaissem O., Mais J., KolesBikJorgensen J.D., Short S., J. Solid State
Chem.,2003 170, 154-164.

[12]. Hanic F., Buchta S., Cigan A., Zrubec V., Mard., ElectroteciCas.,1994 45, 8, 95-9
[13]. Bhalla G.L., Sharma S., Trigunayat G.C., PIStst. sol. (2)1998 127, 1, 127-130.

[14]. Pissas M., Mitros C., Kallias G., Psycharis Simopoulos A., Kostikas A., Niarchos D.,
Physica C.1992 192, 35-40.

[15]. Linden J., Kochi M., Lehmus K., Pietari T.akpinen M., Yamauchi H., J. Solid State
Chem.,2002 166, 118-127.

[16]. Er-Rakho L., Michel C., Studer F., RaveauB.Solid State Cheml987, 48, 4, 377-382.
[17]. Er-Rakho L., Nguyen N., Ducouret A., Samdi Wichel C., Solid State ScP05 7, 165-172.
[18]. Shannon, R.D., Prewitt, C.T., Acta Crystallo@969 25B, 5, 946—-960.

[19]. Rentschler T., Thermochim. Actl996 284, 367-378.

[20]. Klyndziuk A., Petrov G., Kurhan S., ChizhoVa., Chabatar A., Kunitski L., Bashkirov L.
Chemical Sensors. Suppl. BQ04 20, 304—-305.

[21]. Klyndyuk A.l., Chizhova E.A., Inorg. Mate006 42, 5, 550-561.

[22]. Chizhova Ye.A., Klyndyuk A.l., Proc. of NASEBhem. Ser2007, 4, 5-9.

[23]. Tripathi A.K., Lal H.B., Mater. Res. BullLl98Q 15, 2, 233-242.

[24]. Pardo H., Ortiz W.A., Araujo-Moreira F.M., 8scun L., Toby B., Quagliata E.,

Negreira C.A., Prassides K., Mombru A.W. , Phy<ical 999 313, 105-114.

108



