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Abstract 

In this study, enthalpies of solution for Gd203, CuO, BaCO3 and GdBa2Cu306. 9 phases 
have been measured by solution calorimetry in 6N HCl at 323 K. Experimental and literature 
data have been used to calculate the enthalpy of the reaction 0 . 5 G d z O 3 + C u O +  
2BaCuO2 + 0.202 = GdBa2Cu306.9. ArH was found to be -37 .3  + 8.2 kJ tool -1. Based on 
these data, we came to the conclusion that the GdBazCu3069 phase appeared to be 
thermodynamically more favourable than the mixture of gadolinium oxide, copper oxide, 
and barium cuprate at room and lower temperatures. The experimental and literature data 
have allowed us to conclude that the GdBa2Cu306.9 phase is thermodynamically stable, 
whereas the YBa2Cu3069 phase appears to be thermodynamically unstable at room and 
lower temperatures. 
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I. Introduction 

The a im of  this pape r  is to e lucidate  the t h e r m o d y n a m i c  s tabi l i ty  o f  the 
GdBazCu3Ox superconduc t ing  phase.  

The  au thors  o f  a number  o f  recent publ ica t ions ,  using results ob ta ined  by 
so lu t ion  ca lo r imet ry  and  E M F  methods ,  have s ta ted that  at  r o o m  and  lower 
t empera tu res  the YBa  2Cu 3 0  x phase  is t he rmodynamica l ly  less stable than  mixtures  
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of several phases with the same nominal composition [1-5]. This is important 
because thermodynamic instability appears to be one explanation for the observed 
loss of  superconducting properties of  superconductors at low temperatures. 

Thus, thermodynamically stable superconducting materials are required. There 
are several approaches to this problem. One is to investigate other superconducting 
phases in the Y - B a - C u - O  system, for example 1 : 2 : 4  phase. An alternative is to 
change the elements of  the YBazCu30 x phase. There are many other ways as well. 
Using the method of comparative thermodynamic analysis, we have estimated that 
the superconducting phases seem to be more stable with Gd (or some other rare 
earth elements) in place of  Y. 

This research was undertaken both to substantiate our estimation and to get 
experimental information on the thermodynamical properties of  the GdBa2Cu306. 9 
phase, and to establish the stability of  this phase at room and lower temperatures. 

2. Method 

Solution calorimetry was used as an investigation method. Calorimetric cycles 
were designed in such a way that it was possible to determine the formation 
enthalpy of the 1 : 2 : 3 phase in the G d - B a - C u - O  system from gadolinium oxide 
(Gd203),  copper oxide (CuO), and barium carbonate (BaCO3) and then to 
calculate the formation enthalpy of the G d B a 2 C u 3 0 6 .  9 phase from oxides and 
barium cuprate on the basis of  experimental and literature data. 

The dissolution processes are described by the equations 

0.5Gd203 + solution I = solution II  + 0.5AH1 (1) 

2BaCO 3 + solution II  = solution III  + 2 C O  2 q- 2AH2 (2) 

3CuO + solution I I I  = solution IV + 3AH 3 (3) 

GdBa2Cu306. 9 q- solution I = solution IV' + 0.202 + AH4 (4) 

where 

Solution II  = solution I + GdCl3(soJ) - 3HClCsoO + 1.5H20(sol ) 

Solution I I I =  solution II + 2BaClz<soj) - 4HCl<sol) + 2H20~so~) 

Solution IV = solution I I I +  3CuClz(sol) - 6HCl~sol ) + 3H20~so~ ) 

I f  solution IV, obtained after dissolution of 0.5Gd203 + 2BaCO3 + 3CuO mix- 
ture, and solution IV', obtained after dissolution of the GdBazCu306. 9 phase, are 
assumed to be identical, the following equation can be written 

0.5Gd203 q- 2BaCO 3 + 3CuO + 0.202 = G d B a z C u 3 0 6 .  9 q- 2CO~ + AH 5 (5) 

where 

AH 5 = 0.5AH 1 + 2AH2 + 3AH3 -- AH 4 
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It should be noted that in the experiments we used different sequences of 
dissolving phases, not only those described by reactions (1)-(3) .  This was to avoid 
systematic errors. It was found that, within the accuracy of the measurements, the 
total amounts of heat liberated were independent of the dissolution sequence. 

A selected set of thermochemical reactions can provide values of the formation 
enthalpy of the GdBazCu306. 9 phase, with very limited use of literature reference 
data. 

3. Sample preparation 

The following materials were used in the experiments: Gd203 (high purity) which 
before use was kept at 1023 K in air for 10 h; CuO (high purity) which was heated 
in 02 atmosphere for 15 h (T = 900 K); BaCO3 (high purity) which was kept at 650 
K in air for 4 h. The sample of GdBa2Cu306. 9 was prepared from Gd203, BaCO3, 
CuO. A stoichiometric mixture of these substances was thoroughly mixed, ground, 
pressed into pellets and fired in oxygen at 1200 K. The grinding and pressing 
procedures were repeated several times. The total firing time was 72 h. During the 
final stage of synthesis, the temperature was decreased and the sample was kept in 
oxygen at 1000 K for 16 h, then at 600 K for 6 h. The prepared orthorhombic phase 
had T c = 9 2  K and AT c = l  K. 

All compounds were characterized by X-ray powder diffraction analysis, chemical 
analysis and differential solution. The content of all the metallic components was 
determined by the atomic absorption method. For the GdBa2Cu306.9 phase, the 
analysis was: Gd, 21.0%; Ba, 36.1%; Cu: 25.1%. According to the results of the 
analyses the involved compounds were found to be single phases with an accuracy 
of about 1%. The oxygen content was determined by measuring crystal lattice 
parameter values. The accuracy of the determination was 0.1. The sample with an 
oxygen content of 6.9 was investigated in this paper. The analyses performed 
indicated that impurities of Ho, Dy, Eu, Yb, La, Lu, Tm, Er, Nd, Pr, Sm, Ce, Te, 
Ca, Mg, Mn, Pb, Ag metals were present at the level l0 3-10-4 at%. 

4. Experimental technique 

The experiments were performed in an automatic dissolution calorimeter with an 
isothermal shield. The main part of the calorimeter was a glass Dewar vessel with 
a brass cover (V = 200 ml). The thermistor, calibration heater, cooler, mixer, and 
the device to break the ampules were mounted on the lid closing the Dewar vessel. 
The construction of the solution calorimeter and the experimental procedure are 
described elsewhere [6]. A device, designed according to the CAMAC standard, was 
created to connect the calorimeter heater and thermistor to an Electronika-60 
computer. Automatic calibration of the calorimeter was used. The reproducibility 
of the heat equivalent of the calorimeter with the automatic calibration system was 
0.03%. To check the precision of the calorimeter, dissolution of a standard 
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substance, potassium chloride, was performed. The obtained dissolution heat of  
KC1 (17.529 + 0.009 kJ mol -~) is in good agreement with the value recommended 
in the literature [7]. 

The experiments were performed at 323 K. At lower temperatures the rate of 
Gd203 dissolution is small, which results in a low precision of the measurements. 
The amounts of  substances used were 0.06-0.3 g. All compounds were stored in a 
dry box to prevent interaction with moisture or CO2. The identical state of  the 
solution obtained by dissolution of the GdBa2Cu306. 9 phase and dissolution of 
0.5Gd203 + 3 C u O + 2 B a C O 3  mixture was proved by measuring the electronic 
spectra of  these solutions in the range 104-3 × 104 cm -~. It was shown that in 
experiments conducted in air, the spectra of  the solutions became identical 1 -2  min 
after dissolution was finished. 

5. Experimental results 

The enthalpies of  reactions (1 ) - (4 )  were: AH~ (323 K ) = - 4 1 1  kJ mol- l ;  
AH2 (323 K) = - 5 1  kJ mol ~; AH 3 (323 K) = --15 kJ mo1-1 and AH4 (323 K) = 
- 7 5 4  kJ mol J. 

The measured enthalpies of  dissolution were used for calculating the enthalpy of 
the reaction 

0.5Gd203 + 3CuO + 2BaCO 3 + 0.202 = GdBa2Cu306.9 + 2CO2 (6) 

AH (323 K) = +364.9 + 7.6 kJ mol t 

The dissolution enthalpies of  Gd203, CuO, BaCO3, GdBa2Cu306.9 used for 
calculation of the enthalpy of reaction (6) were calculated as average values of  six 
experiments. Errors were calculated for the 95% confidence interval using the 
Students coefficient. 

Literature data for the heat of  the reaction BaO + CO2 = BaCO3 [8] were used to 
calculate the enthalpy of formation of  GdBa2Cu306.9 from the oxides 

0.5Gd203 + 3CuO + 2BaO + 0.202 = GdBa2Cu306.9 

AH (323 K) = --174.1 _+ 12.6 kJ mol -~ (8) 

According to our estimation, this value is - 1 5 8  kJ mol - l .  
Our data and the entropies of  all the substances employed in reaction (8) allow 

us to conclude that the formation of the 1 : 2 : 3 phase from the oxides is thermody- 
namically favourable at room and higher temperatures. 

This conclusion is similar to that for the Y - B a - C u - O  system. 
Data  for the enthalpy of reaction (6) and literature data on the enthalpy of  

formation of BaCuO2 were used to calculate the enthalpy of the reaction 

0.5Gd203 + CuO + 2BaCuO2 + 0.202 = GdBa2Cu306. 9 

AH(323  K ) = - 3 7 . 3 + _ 8 . 2  k J m o l  1 (9) 
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Li te ra ture  d a t a  on the ent ropies  o f  GdBa2Cu306.9,  Gd203 ,  CuO and  BaCuO2,  
and  the value  o f  the en tha lpy  o f  reac t ion  (9) a l low us to conclude  tha t  the 1 : 2 : 3 
superconduc t ing  phase  in the G d - B a - C u - O  system is t he rmodyna mic a l l y  more  
favourab le  than  the mix ture  o f  ba r ium cuprate ,  and  gado l in ium and  copper  oxides 
at  r o o m  and lower tempera tures .  

6. Conclusion 

The results r epor ted  here ob ta ined  by solut ion ca lor imet ry  and  add i t i ona l  infor-  
m a t i o n  on the ent ropies  o f  different substances conf i rm the s tabi l i ty  o f  the 
GdBa2Cu306.  9 phase  with respect  to gado l in ium oxide, copper  oxide, and  b a r i u m  
cupra te  at  r o o m  and lower  tempera tures .  A cont ras t ing  result  was ob ta ined  for  the 
Y - B a - C u - O  system. The YBa2Cu3Ox phase  was repor ted  to be t h e r m o d y n a m i -  
cally less s table [1 -5 ]  than  0 .5Y20 3 + C u O +  2BaCuO2,  0.5Y2BaCuO5 + 
1.5BaCuO2 + 0 .5CuO and 0.5Y2Cu205 + 2BaCuO2 mixtures.  These results  mus t  be 
taken  into account  in the app l i ca t ion  and  invest igat ion o f  h igh- tempera tu re  super-  
conduc t ing  mater ia ls .  
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