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ABSTRACT 

We report heat capacity results obtained on single phase 

polycrystalline samples of high Tc perovskite type superconductors 

YBa2Cu30,_x, EuBa2Cu30,_x, HoBa2Cu307_x. The samples were obtained 

from the sintered product of well reacted A203, BaO2 and cue 

powders. The calorimetric measurements were'performed in a compu- 

ter controlled continuous heating adiabatic calorimeter in the 

temperature range 77 - 300 K. 

The work is aimed to compare the thermal behaviour of compo- 

unds ABa2Cu30,_x in which elements with different internal magne- 

tic field are present. Particularly a study at temperature above 

the supercqnducting transitions was compared with others, to 

investigate by calorimetric measurements thermal effects already 

observed in YBCO system by anelastic relaxation measurements at 

various temperatures. 

INTRODUCTION 

After the discovery of the lanthanum based high T, super- 

conductors (11, rapidly followed by the higher Tc based super- 

conductors, a.growing effort of research was made after recog- 

nition of the close similarity of these etrueture6 to the simple 

ABog perovskite structure (Ba(Pb,Bi)O, superconductor). 

In the AB03 structure the stability of the crystal is mainly 

governed by the size factor of the costituent ions A and B. This 

suggested substitution of Y or Ba by other elments of similar 

ionic dimensions (for example the lanthanide elements or thallium) 
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in YBa2Cu307,x. The research led to the discovery of the other 

rare-earth based analogues of Y3a2Cu307_u [2,3]. 

Altbough recently (4,5]two nore papsrm aWe*rredm ths therMa 

characterization of the YBa2Cu307_x compounds, up to date the 

thermal properties of the rare-earth based superconductors 

REBa2Cu307_x have been comparatively not so much studied even if 

they .can give important information on superconducting transitions 

from the theoretical point of view (6,7,8,9]. 

Btt3r4tOVbt, some~ questions aboot YBanCmeO~-8t remain MAI1 
apen. For uxaspl8. how cm ths other thermal sffeots prslent in 
the heat oapaoitp be oonneoted to the superconduoting oharau- 

turistios and whether a fir8t order phaira tr~s~tion is superf~~o- 
sod in the spsoffio heat jomt, at Te, as obssrved by Bntera f&l. 

fa thi8 paper we ssport the h8ak .oapaoitp data uf YBaZCu307_x, 

EuBa2Cu307_x and HoBa2Cu307,x. 

EXPERIMENTAL 

fa prsparsd the IIsaOuaOv-x ouapaunds bp a sol id state 

tsaotion tlflj whioh wau based tm the thermal deoomposition of 
BaOn instead of BaC!Os. Details ware reported elrrswhers Clll. 

Briefly, well dried stoichiometric amounts of-A203, BaO2 and 

CuO powders were mixed thoroughly in a rotating mixer,'then were 

reacted in air at about 1220 K for 8 hours (heating rate 5elO 

K/min) and slowly cooled to room temperature. 

The resulting product was characterized, as usual in our 

laboratory 1121, structurally and magnetically, then it was 

powdered, pressed in cy‘findrical shape and sintered generally in 

flowing oxygen for 12 hours at 1220 K, 1218 K and 1250 K for 

HoBa2Cu307,x, EUBa2CU30,,x and PBa2Cu30,_x compounds, respe- 

ctively. We have found that these temperatures give the best 

compromise between sintering conditions and diamagnetic chara- 

cteristics at 90 K. 

The sintered samples were again magnetically checked and X-ray 

and microprobe analysed confirming that they were single phase 

superconducting above 90 K. 

The sample for the heat capacity measurements were obtained 

from the sinterei product cutting pellets of 13 mm diameter 

hdeigbing 2t3 g. 



The calorimetric measurements were performed in a computer 

controlled continuous heating adiabatic calorimeter 1131, 

For the purpose of comparing heat capacity of YBCO prepared 

via different sintering conditions we have prepared two single 

phase orthorhombic samples sintered in oxygen and in air. The best 

sintering condition for YBCO are reported elsewhere [ll]. 

RESULTS AND DISCUSSION 

In figuh? 1 and 2 CR/T data for HoBCO and EBCO samples respe- 

ctively, are presented in the 80r110 K temperature range, showing 

the heat capacity jump at 91.5 K. 

In figure 3 and 4 the heat capacity near the critical tempe- 

rature of two YBCO samples, sintered in air and in oxygen respec- 

tively, are reported. 

we notice that the critical temperature (91.5 K) Is unaff- 

ected by the sintering treatment but the sharpness of the 

transition is inproved by high temperature sinterfng in 02. These 

results are in agreement with the data of Junod et al. [a] who 

also analysed different samples prepared with different reaction 

Fig. 1. CR/T theratal behaviour 

of Ho3a2Cu307_x near Tc. 

80 90 100 
T/K 

Rig. 2. Cp'T thermal behaviour 

of EuBa2CU307_x near Tc. 
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eo 90 100 
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Pig. 3. Cp/T thermal behaviour 

of YBa2Cu30,,x near T, (sinte_r: 

ed in air). 

Fig, 4. CP/T thermal behaviour 

of YBazCU3Q7_x near Tc (ainter 

ed in oxygen). 

routes and observed the same shape of the heat capacity jump at 

Tc. 
Notwithstanding the smearing of the jump, the extrapolated 

value of the jump is only partially affected by it, even if it is 

difficult to determine the functional dependence of the jump 

itself. No volume change was observed by Bayot et al. [X4] and 

David et al. [lSl in their thermal expansion measurements at Tc. 

Thermal expansion measurements and the jump of heat capacity 

can be connected together by the Ehrenfest's relation 

dTc/dP = Wm. Aa*TcPC;l'A$ 

from which we can deduce tbe pressure dependence of the critical 

temperature (dT,/dP =: 4 law2 K Kbar"' ) taking the value of Bayot 

et al. da= 2.4 10 -' [X41. 

Moreover from the heat capacity jump and making use of the 

Rutgers*6 relation we can determine the thermod~~~c critical 

field 
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(OHJaT); = (4n/‘J,&) ‘ACp/Tc 1 

from which we obtain (aHc/ aT) that 

YBCO and HovCO (- 1000 Oe K-l), but a 

K-l). 

We have not observed in any one 

is practically the same for 

bit less for KBCO (- 900 Oe 

of our samples the lambda 

transition at 86.6 K reported by Butera [15]; on the contrary we 

found thermal effects at different temperatures also reported by 

others [9,16]. 

One of such effects at 165 K is shown In figure 5. At the 
. 

present we are not able to explain the origin of these effects nor 

whether they are connected in some way with the superconductivity. 

However we found that they were not reproducible. 

lo- 
Fig. 5. Analysis of the 
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background fitted to points 

Q - . 

1 ! 

taken in the temperature 

range 140*180 K for the YBCO 
0-H us*%&- sample sintered in air. 

I I I I f I I 
150 160 “O T/K 

We have not detected, 

the critical temperature 

[15]: from his. data we 

transition (with a volume 

in zero magnetic field, latent heat at 

(91.5 K) that was observed by Butera 

should conclude that a first order 

change) is superimposed at Tc. However 

since he worked with a 30 P sample while we used a 2-3 p sample 

it is possible that our'aensitivity was not sufficient. 

On the other hand a first order superconducting-norm&l state 

transition is expected if the sample is immersed in a magnetic 

field: the relative themal effect can be calculated from the 

relation 
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g = -(~,/40HcVs(dHc/dT) 

Work is in progress to ascertain the amount of the thermal 

effect in low magnetic fields. 
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