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Abstract

Enthalpies of solution of Sp®;, BaCGQ;, CuO, SmBaCuQ, and Sm,,Ba—,Cus;O, solid solutions (x= 0.1, 0.7) were measured by
solution calorimetry using 2 N HCI solvent at 323 K. The obtained values were used to give thermodynamic data for reactions of formation
of SmpBaCuQ, Smy 1Ba; ¢CsOg o5, Sy 7Bay 3CkO7 24 from the mixture including BaC9 The enthalpies of reactions were determined as
+185+ 3kJ/mol for SmBaCuQ,, +357 + 5 kJ/mol for Sm 1Ba; gCusOs 95, +216 £+ 5 kJ/mol for Sm ;Bay; 3CusO 4. The data obtained
showed that the above mentioned phases were thermodynamically stable with respect to mixture withy Ba@Dg) CuO.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction 2. Investigation methods and experimental technique

As it is known, experimental results with SmE2usO, Solution calorimetry was used as an investigation method.
(Sm123) demonstrate the high potential of these high tem- Calorimetric cycles were designed in such a way that it was
perature superconductors (HTSC) materials for bulk appli- possible to determine the formation enthalpy of phases in
cation [1-3]. Due to a partial substitution of Ba by Sm, the Sm-Ba—Cu-O system from samarium oxide £9g),
Sm123 forms a solid solution Sm,Ba,—,CusO, where the copper oxide (CuO), and barium carbonate (BalLUhe
solid solubility extends up tax = 0.8. The existence of a  dissolution processes to calculate the formation enthalpy of
range of solid solutions makes it more difficult to control SnmpBaCuG; are described by the equations
the physical properties of materials based on Sm[23 . ) o
The superconducting properties of samples depend strongly>M2O3(S) + solution 1= solution 2+ Asoif; (1)
on temperatures of synthesis and annealing. A good under-
standing of t'hermodynamic s.tability of solid splqtions with  BaCQj(s) + solution 2= solution 3+ CO,(g) + AsolH,
respect to different mixtures is essential for finding the op- @)
timum synthesis conditions of Sm,Ba,—,Cuz0,.

The aim of this paper is to measure thermodynamic char- ; _ ; °
acteristics of the Sm ,Ba—,CuzO,, SmpBaCuG; phases CUO(S)+ solution 3= solution 4+ Asaifl3 ®)
and to study thermodynamic stability of solid solutions in  sm,BacuGy(s) + solution 1= solution 4 + AsolH, (4
the Sm—-Ba—Cu-O system with respect to different mixtures.

There are no thermochemical data for these compounds inHere: s: solid; g: gasf\solH,,,: the molar enthalpy of solu-
literature. tion; solution 1: solution of 2N HCI; solution 2: solution 1
+ 2SmCh(sop + 3H20s0) — 6HCls0); solution 3: solution
1 4 2SmChsoy + BaCbsoy + 4H20(s0) — 8HClso; SO-
* Corresponding author. Tek:7 3832 341449; fax:7 3832 344489, lution 4: solution 1+ 2SmMCh(so) + BaClysop + CuClyso)
E-mail address: nata@che.nsk.su (N.I. Matskevich). + 5HOs0) — 10HClsg).
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If solution 4, obtained after dissolution of Sy of nitrogen dioxide-acetylene. The relative standard devi-
+ BaCQ; + CuO mixture, and solution’4obtained after  ation (R.S.D.) was 0.006-0.007. The content of samarium
dissolution of the SeBaCuQ; phase, are assumed to be was determined by the spectrophotometry. The R.S.D. was

identical, the following equation can be written 0.004-0.005. The stoichiometric coefficient of oxygen was
determined by iodometric titration with an accuracy better

Smp0Os(s) 4+ BaCG3(s) + CuO(s) than +0.03. According to the results of the analyses the
= SmpBaCuG(s) + COx(g) + ArHg (5) involved compounds were found to be single phases with

an accuracy of about 1%.
where

ArHg = AsolH + AsolHy + AsolH — AsolHy 4. Experimental results

The identical state of the solution obtained by dissolution of
the SmBaCuG; phase and dissolution of S@3 + BaCQ; We measured the following values of the molar dissolution
+ CuO mixture was proved in papgs] by measuring the  enthalpies:
electronic spectra of these solutions in the range-18 x .
10¢em™L. Asol (Smy 1Bag 9CuzOp.95, 323.15K)

Calorimetric cycles for Say Bap—,CusO, were similar = —783+ 4kJ/mol;
to above described equations.
_ The ex_periment_s were performed in_ an automatic dissplu- AsoH' (SMy 7Bay 3CUsO7 24, 323.15K)
tion calorimeter with an isothermal shield. The construction
of the solution calorimeter and the experimental procedure
are described elsewhej®. The volume of the calorimetric o
vessel was 200 ml. The reproducibility of the heat equiva- AsolH (SmMpBaCuG, 323.15K)= —663+ 2kJ/mok;
lent of the calorimeter with the a_lu_tomatic calibrat_ion syste_m AsolHo (Smp03s, 323.15K)= —407+ 3kJ/mol;
was 0.03%. To check the precision of the calorimeter, dis-
solution of a standard substance, potassium chloride, wasAso|H°(BaC03, 323.15K)= —10+ 1 kJ/mol;
performed. The obtained dissolution heat of KC1 (17.529
+ 0.009 kJ/mol) is in good agreement with the value rec-
ommended in the literatu®]. The experiments were per-
formed at 323 K. The amounts of substances used were
0.06-0.3g.

= —757+ 3kJ/mol;

AsolH (CuO, 323.15K)= —60.8 & 0.7 kJ/mol.

The dissolution enthalpies were calculated as average val-
ues of five or six calorimetric experiments. Errors were cal-
culated for the 95% confidence interval using the Students
coefficient.

The measured enthalpies of dissolution were used for cal-

3. Sample preparation culating the enthalpies of the reactions

The following materials were used in the experiments: gm,04(s)+ BaCOs(s) + CuO(s)
SmpOs (high purity) that before use was kept at 1023 K
in air for 10 h; CuO (high purity) that was heated inp O =OszBaCuQ,(s)+COZ(g)
atmosphere for 15h (£ 900K); BaCQ (high purity) that ~ ArH (323.15K)= +185+ 3kJ/mol (6)
was kept at 650K in air for 4 h. The sample of #BaCuG;
was prepared from Ssld3, BaCQ;, CuO. A stoichiometric ~ 0.55Sm03(s) + 1.9BaCQ(s) + 3CuO(s)+ 0.20,(9)
mixture of these substances was thoroughly mixed, ground, _ S 1Bag oCUsOg.05(S) + 1.9COx(g)
pressed into pellets and fired in oxygen at 1200K. We o
investigated two single crystals: $nBa; 9CuzOg.95 and ArH (323.15K)= +357+ 5kJ/mol (7)
Smy 7Ba; 3Cus07.24. Sample of Sm1Ba; oCuzOg g5 Were

grown from CuO—BaO flux in an atmosphere of 300 mbar 0-89SMe0s(S) + 1.3BaCQ(s) + 3CuO(s)+ 0.195Cx(9)

air in a ZrQ/Y crucible by method described in padéi. = Smy 7Ba; 3Cuz07.24(s) + 1.3COx(Q)

They have been oxidized between 390-28@uring 300 h ArH (323.15K)= 4216+ 5kJ/mol (8)

in 1 bar Q. TheirT, value is 77 K. Sm7Ba; 3Cus07 24 has

been grown in 1bar air in ZrdY crucible. The crystals The experimental data were also used to study the thermo-
have been oxidized in 1 bar,®etween 600 and 40 for dynamic phase stability with respect to the phase mixtures
about 650 h. All compounds were characterized by X-ray with the same nominal composition.

power diffraction and chemical analyg&]. The content of On the basis of enthalpies of reactions (6)-(8) and

copper was determined by atomic absorption spectrometryliterature data for the heat of the reaction BaOCO,
in the flame of air-acetylene, whereas the content of bar- = BaCQO; (—272.40kJ/mol)[9] we calculated the en-
ium was determined by photometric method in the flame thalpies of formation of SegBaCuG;, Smy 1Bay 9CuzOe g5,
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Smy 7Ba; 3Cw307.24 from the oxides

SmpO3(s) + BaO(s)+ CuO(s)= SmpBaCuGs(s)

AoxH (323.15K)= —88+ 3kJ/mol (9)

0.55Sm0O3(s) 4+ 1.9BaO(sH 3CuO(s)+ 0.202(9)
= Sy 1Ba 9CuzOg o5(S)

AoxH (323.15K)= —161+ 5kJ/mol (10)

0.85Smp0O3(s) 4+ 1.3BaO(sH 3CuO(sy+ 0.195029)
= Smy 7Bay 3CU307.24(S)

AoxH' (323.15K)= —139+ 5kJ/mol (11)

These data and entropies of all the substances employed

in reactions (9-11) allow us to conclude that the formation
of Sm211 and Sm,.,Bay_,Cuwz0, (x = 1.1; 1.7) from the
oxides is thermodynamically favourable at room and higher
temperature.

Experimental results on synthesis of the SpBap_,
Cuw0, solid solutions showed that the main impurity phase
was BaCuQ. So, it is interesting to study the thermo-
dynamic stability with respect to mixtures involved this
phase.

Using experimental data for the reactions (6-8) ob-
tained in this paper, and our earlier data for the reaction
BaCQ; + CuO = BaCuQ + CO, (ArH = +202.01+
1.9kJ/mol [5]), it is possible to obtain thermodynamical
data for the stability of SaBaCuG;, Smy 1Ba; 9CusOg g5,

Smy 7Bag 3CuzO7.24 With respect to mixtures including
BaCuQ. The results are given below.

Smp0O3(s) + BaCuQ(s) = SmpBaCuGs(s)

ArH' (323.15K)= —18+ 4 kJ/mol (12)

0.55Smp03(s) + 1.9BaCuQ@(s)+ 1.1CuO(sH 0.202(g)
= Sy 1Bay 9Cuz0g 95(S)

ArH (323.15K)= —27+ 6 kJ/mol (13)

0.85Smp0s3(s) + 1.3BaCuQ(s) + 1.7CuO (s} 0.1950(q)

= Smy_7Bay 3Cu307 24(S)

ArH (323.15K)= —47+ 5kJ/mol (14)

Literature data on the entropies of 803, CuO, BaCuG,
SmpBaCuG, Smy 1Bay 9CugOpg5 Sy 7Bag 3CUz07.24
[5,10], and the values of the enthalpies of reactions (12-14)
allow us to conclude that Sm123 solid solutions with
=1.1, 1.7 are thermodynamically more favourable than
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the mixture of barium cuprate, and samarium and copper
oxides at room temperatures.

5. Conclusions

Solution calorimetry was used to measure dissolution
enthalpies of phases: $f@3, CuO, BaCQ, SmpBaCuG;,
Smy 1Ba; gCus0p.95, Sy 7Bag 3CusO7.24. Basing on the
above data the enthalpies of the following reactions with
Sm123ss and SsBaCuG; were calculated:

1. formation enthalpies of SfBaCuQ@ and Sm123ss
(x=1.1, 1.7) from the mixture of Sp®3, CuO, BaCQ;
2. formation enthalpies of SfBaCuG and Sm123ss
(x= 1.1, 1.7) from the mixture of binary oxides;
formation enthalpies of SfBaCuG and Sml123ss

(x=1.1, 1.7) from the mixture of Sp®3, CuO, BaCuQ.

3.

Data obtained by solution calorimetry and additional in-
formation on the entropies of different substances show
the thermodynamical stability of SiBaCuG;, and Sm123ss

with respect to the mixture of Sf@®3, CuO, BaCuQ.

Acknowledgements

This work is supported by Russian Fund of Basic Re-
search (Project No. 02—03-32514) and contract of Karsruhe
Investigated Center.

References

[1] M. Murakami, S.I. Yoo, T. Higuchi, N. Sakai, J. Weltz, N. Koshizuka,
S. Tanaka, Jpn. J. Appl. Phys. 33 (1994) L715.

[2] S.L. Yoo, M. Murakami, N. Sakai, N. Higuchi, S. Tanaka, Jpn. J.
Appl. Phys. 33 (1994) L1000.

[3] G. Krabbes, T. Hopfinger, C. Wende, P. Diko, G. Fuchs, Supercond.
Sci. Technol. 15 (2002) 665.

[4] V.V. Petrikin, E.A. Goodilin, J. Hester, E.A. Trofimenko, M. Kaki-
hara, N.N. Oleynikov, Y.D. Tretyakov, Phys. C 340 (2000) 16.

[5] N.I. Matskevich, G. Krabbes, P. Berasteguie, Thermochim. Acta 397
(2003) 97.

[6] D.G. Archer, J. Phys. Chem. Ref. Data 28 (1999) 1.

[7] Th. Wolf, V.N. Voronkova, P. Schweiss, Phys. C 341-348 (2000)
515.

[8] V.E. Fedorov, N.G. Naumov, P.P. Samoilov, N.F. Zakharchuk, N.I.
Matskevich, U.-H. Paek, Bull. Korean Chem. Soc. 6 (1995) 484.

[9] D.R. Stull, H. Prophet, JANAF Thermochemical Tables, second ed.,
NSRDS-NBS, 37 US Government Printing Office, Washington, DC,
1971.

[10] F.Y. Minenkov, N.I. Matskevich, Y.G. Stenin, P.P. Samoilov, Ther-
mochim. Acta 292 (1997) 9.



	Formation enthalpies and thermodynamic stability of the Sm1+xBa2-xCu3Oy solid solutions
	Introduction
	Investigation methods and experimental technique
	Sample preparation
	Experimental results
	Conclusions
	Acknowledgements
	References


