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Abstract

The enthalpies of reactions between alkaline-earth cupras€u® (M =Ca, Sr) and hydrochloric acid were measured in a hermetic
swinging calorimeter at 298.15 K. The KuO; samples were prepared by solid-phase synthesis from calcium or strontium carbonate and
copper oxide and characterized by X-ray powder diffraction, EDX and wet analysis. The standard enthalpies of formation obtained for the
cuprates—1431+ 4 kJ mol? for Ca,CuQ; and—13744+ 3 kJ mol? for S,CuQ;, are discussed and compared with previous experimental
and assessed values.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

Alkaline-earth cuprates are a subject of broad experi- 2.1. Sample preparation and characterization
mental and theoretical interest because of the discovery of
high-temperature superconductors in the multi-component Single-phase G&£uO; and SpCuO; samples were syn-
Hg—(Ba, Sr)-Ca—Cu-O system. Reliable thermodynamic thesized by annealing a fine mixture of calcium or strontium
data are indispensable for construction of phase diagrams anatarbonate and copper oxide in alumina crucibles, calcium
for the preparation of single-phase superconducting oxides. cuprate at 1000C for 72 h in air, and strontium cuprate at
Two types of experiments on the thermochemical study of 1050°C for 24 h in a dry oxygen flow. These substances are
SrpCuOs; and CaCuQs can be found in the literature; calori-  hygroscopic and, therefore, were protected from contact with
metric investigationgl] and EMF measuremenjta—7]. The moist air and carbon dioxide by storage in desiccators. All
available experimental data and resulting thermodynamic preparative handlings were carried out in a nitrogen-filled
values are summarized in a revigsy. The calculated values  glove box.

are also presented [8—11]. The literature data vary consid- The phase composition and lattice constants were deter-
erably, values of standard enthalpy of formation fosCaOs mined by X-ray powder diffraction uslng a Guinier-camera
by ~7 kJmot! and by~45 kJ mot-! for SLCuOs. FR-552 (Cu Kq radiation,x = 1.54056A) with germanium

The purpose of this work was to carry out an independent as an internal standard. The scanning electronic microscope
calorimetric determination for standard enthalpies of forma- JEOL JSM 820 with LINK AN 10000 additional device was
tion of CaCuQ; and SpCuO;s by calorimetry on carefully ~ used for EDX study.
characterized substances. The X-ray examination showed only &auOs; or
S CuQ; single phases with cell parameters 12.232(2)&,
b=3.7777(8R, c=3.2580(9& for CaCuQ; and a=

*C di hor. Tel.: +7 95 939 1200; fax: +7 95 939 4788. o o o
orresponaing uthor. 1o ¥ o 12.685(3R, b=3.9054(11}, c=3.4959(8)A for SCUO
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which are close to the reference dft2]. The EDX study Table 1

of CaCu0; did not reveal any contamination. The copper Results of measurements of the enthalpy of reaction ofCG@; and
. SKLCUO; in 1.07 moldnT3 HCl at 298.15K

content and formal copper valence in the samples were deter- -

mined by iodometric titration. The alkaline-earth oxide con- AR(S) RV Mass (@)  —Arfp (kImol™)

tent was calculated as a difference between total sample mas§&CuG:®

and mass of the copper oxide. According tothe chemicalanal- 1~ 051517 177.50 0.07695 442.20

ysis the composition of the studied phases may be dgscrlbed g 8;‘312353 igg:gg 8:821}12 ﬁg:gg
as Ca 00(3fCU1.00(203.002)aNd Sk 99(3fCU1.01(2f03.01(2)With 4 033546 11558 0.04948  447.79
the stoichiometric composition and formal copper oxidation 5 0.27618 95.158 0.04101 444.82
degree +2 within the experimental errors. In further thermo- SLCUO;P
chemical calculation these phases are considered to be stoi- 1 0.31853 109.75 0.06119 514.38
chiometric CaCuQOs and SpCuQs. 2 0.23017 79.304 0.04443 511.89
The hydrochloric acid solution (1.07 mol dr#) was pre- 3 0.33927 116.90 0.06484 517.05
pared by diluting high purity concentrated HCI by distilled _% 013314 45.873 0.02554 51510
water (electrical conductivity & 104s m—l)_ ARis the corrected temperature risgthe energy evolved in each experi-

ment,mthe sample mass\ Hg, the molar enthalpy change of the reaction,
i . . (ArHy,) the average enthalpy of reactianthe standard deviation of the
2.2. Calorimetric technique mean valueg (to o5 the confidence limits given by Student:test.
3 (ArHG) = (—446.9+ 4.2) kI mot L.
The measurements were performed at298.15 K ina sealed ° (ArHy,) =(~514.6+3.4)kmof .
swinging calorimeter with an isothermal jacket, similar to
that described in Ref§l3,14]. The calorimeter consists of a
thin-walled titanium reaction vessel fitted with a copper re- 3. Calculation of the standard molar enthalpies of
sistance thermometer, a calibration heater and a holder forformation of SroCuOz and Ca,CuO3
spherical glass bulbs. The calorimeter is contained within
a chromium-plated brass case. The resistance thermome- The standard enthalpies of formation of,SuQ; and
ter forms one arm of a Wheanstone bridge with a thermo- C&CuQ; from oxides (4oxHzgg19 and the elements
metric detection limit of 3< 10-°K. The chromium plated ~ (AfHZgg 19 Were calculated by two alternative schemes via
brass case is submerged in a thermostatically controlled wa-0xides (Cycle 1) and via chlorides (Cycle 2) (Sable 2).
ter bath with thermal stability better than 19K. Blank In Cycle 1,AH; is the enthalpy of the reaction between
experiments showed the material of the calorimeter vesselM2CuQz (M= Ca, Sr) and 1.07 mol dn? HCI measured in
and the amp0u|e holder did not react with the acid used. this Work, andAHz andAH3 are the reliable literature data
The energy equiva|ent of the calorimeter is determined by necessary for the calculations. In all reaCtionS, the term “so-
electric heating. The potentiometric circuit used for this pur- lution” (sin) refers to the state of solutions of the correspond-
pose provides an accuracy of a few hundredths of a percenting compounds in excess 1.07 mol drhydrochloric acid.
The energy equiva|ent of the calorimetric system filled with 1t was taken into account in the calculation that the enthalpy
1.07 mol dnT3 HClto the mass of (55.008 0.003) gisequal  ©f formation of the final solution in reaction (1) equaled the
to (344.55+0.19) Jo L. sum of the enthalpies of formation of the final solutions in
The calorimeter has been tested several times by dissolufeactions (2) and (3). The enthalpy of mixing of hydrochloric
tion of KCI in water (the molality of the final solution was acid solutions of calcium (strontium) and copper chlorides
0.028 molkg! at 298.15K). The most recent set of KCI can be ignored, because the amount of these sallts in the so-

dissolution measurements yielded (17440.04) kJ mot ™. lutions is insignificant against the large excess of hydrochlo-
The critically evaluated value is (17.430.02) kJ mot™ ric acid. The overall errors of the enthalpies of formation in
[15]. all thermochemical cycles were calculated by the formula

o= (Z al-z) 1/2, whereg; are the standard errors of the values
2.3. Determination of the molar enthalpies of reactions used in the calculations.

The standard enthalpies of formation of 2GLO;

Freshly prepared samples of alkaline-earth cuprates were(M =Ca, Sr) phases from the elements were calculated
placed in thin-walled glass bulbs and sealed in an atmosphereusing the obtainedAsoxH5gg 15 values and the reli-
of dry nitrogen. Then the ampoules were broken inside the able reference data on the enthalpies of formation of
calorimetric vessel filled 55.000(3) g of 1.07 mol dfrHCI. calcium oxide (—635.090.96)kJmot?® [15], strontium
The results for the direct calorimetric measurements of the oxide (—592.15+0.86) kJmot! [17] and copper oxide
enthalpy of reaction of G&ZuO; and SpCuOs with the hy- (—157.07+0.84) kI mot 1 [26].
drochloric acid are presented Table 1. The correction for In Cycle 2,AH2 andAHs are the reference data necessary
the enthalpy of breaking the calorimetric bulbs and the tem- for the calculation. The standard enthalpies of formation of
perature correction of the thermal effect to 298.15K were M,CuQs (M =Ca, Sr) from the oxides were calculated using
negligible and were not included in the calculation. the obtainedAt H;qg 15 values and the same reference data



A.S. Monayenkova et al. / Thermochimica Acta 430 (2005) 83-86 85

Table 2
Thermochemical cycles for calculation of the enthalpies of formation e€0&3; and SpCuOs
Number Equations of the reactions Enthalpies of the reactions
Cycle 1 (the set of thermochemical equations for calculation of the enthalpies of formatiorCafdd (M = Ca, Sr) via oxides)
1) M2CuG;(cr) + 6HCI(sIn) = 2MCh(sIn) + CuCh(sIn) AH1 = (—446.924+ 4.2) kI mot? for (M=Ca) and (—514.6% 3.39) k mot? for
+3H,0(sIn) M = Sr [this work]
2) MO(cr) + 2HCI(sIn) = MCh(sIn) + H,O(sIn) AHp = (—194.68+ 0.25) kd mat? for CaO[16] and (—243.93: 0.33) kJ mot ! for
Sro[17]
3) CuO(cr) + 2HCI(sIn) = CuGlsIn) + H,O(sIn) AH3=(—60.59+ 2.32) kmot [18]
4) 2MO(cr) + CuO(cr) = MCuGs(cr) AHg = At oxHjgg 15 (M2CUQ3) = 2AH2 + AH3 — AH;p = (—3.0+4.8) kJ mot? for

M=Ca and (—33.8 4) kJmol ! for M=Sr

Cycle 2 (the set of thermochemical equations for calculation of the enthalpies of formatioCaiQ4 (M = Ca, Sr) via chlorides)

1) M2CuQ;s(cr) + 6HCI(sIn) = 2MCh(sIn) + CuCh(sIn) AHp = (—446.924+4.2) kI mot? for M=Ca and (—514.6% 3.39) kI mot? for
+3H,0(sIn) M = Sr [this work]

2) M(cr) + Cla(g) + [HCI(sIn)] = MCl; (sIn) AH = (—875.3+2.0) kI mot ! for Ca[19,20]and (—879.79 0.65) kJ mot? for

Sr[21-23]

3) Cu(cr) + Ch(g) + [HCI(sIn)] = CuCh(sIn) AH3=(—256.63+ 1.62) k mot ! [15,24]

4 (1/2)Hx(g) + (1/2)Ch(g) + [H20(aq)] = HCI(sIn) AH4=(~164.4+0.2) kI mot? [25]

5) Ha(9) + (1/2)Qx(g) + [HCI(sIn)] = H,O(slIn) AHs = (—285.85+ 0.04) kJ mot! [25]

(6) 2M(cr) + Cu(cr) + (3/2)Q(g) = M2CuOs(cr) AHg = At Hygg 1{M2CUQ3) =2AH; + AH3 — 6AHs + 3AHs5 — AH;

=(—1431.5+ 6) kJmot! for M=Ca and (—1372.% 4) kJmol* for M=Sr

AtH3gg 15 (M2CUQs) = At Hjgg 1 {CUO) + 24 Hjgg 1 (MO) + AH4 = (—1430.3+ 5) kJ moll for M=Ca and (—1375.%5)kJmoll for M=Sr.
AtoxHsgg 1{M2CUO3) = AHg — At Higg 1 {CUO)— 2At Hygg 15 (MO) = (—4.34 6.4) kI mot ™ for M= Ca and (—31.3-4.6) kI mot ™ for M= Sr.

Table 3
Standard enthalpies of formation of £2u0; and SpCuO; from oxides (4 0x Hagg 15) and elements (N5qq 40
Substance AtoxHjgg 15 (kdmol?) AfH3gg 15 (kI molt)
Cycle 1 Cycle 2 Cycle 1 Cycle 2
CaCuOs —-3.0+4.8 —-43+6.4 —1430.3+5 —1431.5+6
SrpCuG; —-33.8+4.2 —-31.3+ 4.6 —1375.14+5 —1372.7+4
AtoxHygg 15(kdmolt) AtHjgg 15(KImolt)

Recommended values

CaCuGs -3.5+ 3.8 —1431+4

SrRLCuQs -32.7+ 3.1 —1374+3

on the enthalpies of formation of calcium oxide, strontium For comparison with the literature EMF data presented in
oxide and copper oxide (see Cycle 1). Table 4the results obtained in the present work were con-

The results show that the values for the enthalpies of for- verted from 298.15 to 1000K and the following values of
mation of M,CuQ; (M = Ca, Sr) calculated by two alternative  Af oxH® were obtained
ways coincide within the error of the measurements. There- R 1
fore, the weighed mean of the two determinations is rec- 2foxHiopo= (—=1.9%3.8)kmor™  for CgCuGs
ommended for the further thermodynamic calculations (see 4
Table 3).

Af.oxH{ogo = (—26.6+ 3.9)kJmol!  for S,CuO;

The reliable reference data on the heat capacity of CuO(cr),
4. Discussion and conclusion O2(g) [27] and assessed value of the heat capacities of

CaCu0; and SpCuQs [28] were used in calculations.

The currently available data on the enthalpies of forma- Table 4shows some discrepancy in the EMF data obtained

tion of M2CuQO3 (M=Ca, Sr) are summarized ifable 4. in different works. The results of the present work, converted
The results obtained in the present work coincide within the to 1000 K, coincide within the experimental errors with the
experimental errors with the data for £LauQO; resulting from results of Mathews et aJ2,7]. The assessed values recom-
the previous calorimetric study] and differ fromthe datafor =~ mended if8-11]are in good agreement with the data of the
SrCuGs. Our measurements on&uO; cannot be strictly present calorimetric study.
correlated with the results of Idemoto et[dl} as the samples In the present work and if1] the standard enthalpies of
under investigation differ in composition. formation of the cuprates were obtained by solution calorime-
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Table 4
The comparison of reference and our values for the standard molar enthalpies of formatip€00gand SpCuO; from oxides
Substance EMF technique Solution calorimetry, Solution calorimetry, HClas a  Assessed values
composition HCIO4 as a solvenfl] solvent [obtained in this work]
AroxH3 (kImolt)  Temperature (K)  AfoxHjgg 15 (kI moi-t) AtoxHygg 15(kdmolt) At oxHygg 15 (kI mol?)
CaCu0; —4.8+0.1[2] 1110-1260 —5.2[8]
—4.9+ 0.1[2] 925-1250 —-3.5+3.8
—33+22[3*  1000-1220 —3.29]
Cée,01Cu1.0003.01 —7.8+27°
SKLCUO; —67.12+ 1.2[4] 1050-1150 —31.48]
—31.8+ 1.1[5] 1030-1260
—32.22+ 0.25[6] 975-1260 —327+3.1 —27.8[10]

—31.84+ 0.31[6] 900-1280
—23.08+ 0.43[7]*  923-1223
—26.1[11]

Sn.90Cu1.1003.01 —705+3.8°

@ Re-calculated in this work.
b The total error is re-calculated in this work according to the propagation law.

try with two different calorimeters, in two different solvents  [9] D. Risold, B. Hallstedt, L.J. Gauckler, J. Am. Ceram. Soc. 78 (1995)
and with different enthalpies of the reactions involved in the 2655-2661.
calculations via the thermochemical cycles. The good agree-[10] P: Risold, B. Halistedt, L.J. Gauckler, J. Am. Ceram. Soc. 80 (1997)

; ; 527-536.
mentin the values for the samples ofCaO; with the same ;1 g "\jaiistedt, 1.3, Gauckler, Calphad 27 (2003) 177-191.

approximate composition provides a convincing proof of the [12] ppr-2 database files, 34-282, 34-283, JCPDS-ICDD, 1996.
reliability of the calorimetric method, and the obtained values [13] AF. Vorob'ev, A.S. Monayenkova, E.B. Pashlova, zZh. Obshch.
of standard enthalpies of formation of fuO; and SpCuOs Khim. 48 (1978) 6-11.

can be recommended as the reference ones [14] A.F. Vorob’ev, A.F. Broier, S.M. Scuratov, Zh. Fiz. Khim. 41 (1967)
' 922-924.

[15] V.P. Glushko, Termicheskie Konstanty Veschestv (Thermal Constant
of Substances), Nos. 1-10, VINITI, Moscow, 1981.
Acknowledgements [16] K. Taylor, L. Wells, J. Res. NBS 21 (1938) 133.
[17] E.H.P. Cordfunke, R.J.M. Konings, W. Ouweltjes, J. Chem. Ther-

: : ; : modyn. 22 (1990) 991.
This work was supported by Russian Foundation for Basic I[18] A.S. Monayenkova, A.A. Popova, L.A. Tiphlova, Zh. Fiz. Khim. 70

Research, Grant No. 03-03-32799. The authors are grateful” = (1996 596508,
to Dr. Yu.A. Velikodny for the help in X-ray analyses and Dr.  [19] V.B. Parker, D.D. Wagman, W.H. Evans, Selected values of chemical

M.A. Novozhilov for EDX study of the alkali-earth cuprates. thermodynamic properties, NBS Technical Note No. 270-6, 1971.
[20] P. Ehrlich, K. Peik, E. Koch, Z. Anorg. Allgem. Chem. 324 (1963)
114.
[21] J.D. Cox, D.D. Wagman, V.A. Medvedev, CODATA key values for
References thermodynamics, 1989.
[22] A.S. Monayenkova, G.I. Alekseev, A.F. Vorob'ev, Zh. Fiz. Khim. 57
[1] Y. Idemoto, K. Shizuka, Y. Yasuda, K. Fueki, Physica C 211 (1993) (1983) 2173-2176.
36-44. [23] A.S. Monayenkova, T.L. Buznik, A.F. Vorob’ev, Zh. Fiz. Khim. 57
[2] T. Mathews, J.P. Hajra, K.T. Jacob, Chem. Mater. 5 (1993) 1669. (1983) 1259-1261.
[3] R.O. Suzuki, P. Bohac, L.J. Gauckler, J. Am. Ceram. Soc. 77 (1994) [24] A.S. Monayenkova, A.A. Popova, V.F. Gorushkin, S.A. Lezhava, Zh.
41-48. Fiz. Khim. 68 (1994) 380-381.
[4] C.B. Alcock, B. Li, J. Am. Ceram. Soc. 73 (1990) 1176-1180. [25] L. Morss, Chem. Rev. 76 (1976) 827-841.
[5] Yu.Ya. Skolis, L.A. Khramtsova, Zh. Fiz. Khim. 64 (1990) [26] L. Nunez, G. Pilcher, H.A. Skinner, J. Chem. Thermodyn. 1 (1996)
1681-1683. 31.

[6] K.T. Jacob, T. Mathews, J. Am. Ceram. Soc. 75 (1992) 3225-3232. [27] A.A. Radvel, A.M. Ponomareva, Kratki spravochnik phiziko-

[7] R.O. Suzuki, P. Bohac, L.J. Gauckler, J. Am. Ceram. Soc. 75 (1992) himicheskih velichin (Concise Reference Book of Physicochemical
2833-2842. Values), St. Petersburg, 1999.

[8] M. Mrovéc, J. Leitner, M. Nefiva, D. Sedmidubsk J. Stejskal, [28] G.K. Moiseev, N.A. Vatolin, N.I. llienih, Zh. Neorgan. Khim. 45
Thermochim. Acta 318 (1998) 63-70. (2000) 1556-1563.



	Standard enthalpies of formation of Sr2CuO3 and Ca2CuO3
	Introduction
	Experimental
	Sample preparation and characterization
	Calorimetric technique
	Determination of the molar enthalpies of reactions

	Calculation of the standard molar enthalpies of formation of Sr2CuO3 and Ca2CuO3
	Discussion and conclusion
	Acknowledgements
	References


