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PhysicaC 153-155 (1988) 1034 1035 
North-Holland, Amsterdam 

LOW-TEMPERATURE THERMAL PROPERTIES OF La2CuO 4 AND SUPERCONDUCTING Ba2YCu307_ x 

A. BERNASCONI*, E. FELDER*, F. HULLIGER*, H.R. OTT*, Z. FISK +, F. GREUTER", and C. SCHUELER" 

* Laboratorium fur Festk6rperphysik, ETH-H6nggerberg, CH-8093 Z~rich, Switzerland, 
+ Los Alamos National Laboratory, New Mexico 87545, USA, " Asea Brown Boveri Corp. Research, 
CH-5401 D~ttwil, Switzerland. 

The thermal conductivity X and the specific heat c o of Ba2YCu307-x and La2Cu04 have been 
measured in the temperature range 0.03 < T < 30 K.-The thermal conductivity of sintered 
Ba2YCu307_x samples varies as T ~ between 0.7 and 8 K, while below 0.3 K X(T) is described as 
a sum of two terms where one is proportional to T and the other varies l ike T 3. For sintered 
La2CuOh, X(T) is dist inct ly smaller than in sintered Ba2YCu307_ x in the whole temperature 
range. The specific heat of both compounds shows a non-vanishing linear term yT between 1.4 K 
and 15 K, where y in sintered Ba2YCu307_ x is nearly an order of magnitude larger than in 
crystall ine La2CuO 4. 

I.  INTRODUCTION 
After the discovery (1) of high-T c super- 

conductivity in oxide compounds i t  was at once 
discussed what characteristics of the supercon- 
ducting state might be anomalous. I t  was soon 
realized that in superconducting Ba2YCu307_ x 
a l inear-in-T contribution to c D is observed 
at temperatures well below T c (5), an uncom- 
mon feature in conventional superconductors. 

In order to contribute to clari fying the si-  
tuation we made a study of thermal properties 
of various different samples of Ba2YCu307_x 
and, for comparison, of insulating La2Cu04. 

2. EXPERIMENTAL 
In order to study the effect of the mass 

density and of the average grainsize on the 
thermal conductivity and the specific heat of 
sintered Ba2YCu307-x three different samples 
have been investigated. Sample 1 had a low 
mass-density (p = 75-80~ of Ptheor) and an 
average grainsize Of 10 ~m, samples 2 and 3 had 
a large mass density and average grainsizes of 
150 and 20 pm, respectively. The thermal 
conductivity of La2Cu04 has been measured on a 
sintered sample, but the specific heat was 
obtained for a crystall ine sample. 

3. RESULTS 
In Fig. 1 we show the results of the ther- 

mal conductivity experiments above 1.4 K by 
plotting log k versus log T. 

Above 4 K we may f i t  our data for La2CuO 4 
with X(T) = A2 T~, where A 2 = 1.2 x 10 -2 W/mK 3. 
At temperatures below 0.3 K a two parameters 
f l  x T A + 3 "t  ( ) = 1T A3T y ie l ds  the f o l l o w i n g  values 
f o r  Ai :A 1 = 4.5 x 10 -5 W/mK 2 and A3 = 8.1 x 
10 -3 W/mK 4. For BaYCu~07_ x,  L(T) = A2 T2, w i th  
A2 = 2.24 x 10 -2 W/mK 3 fo r  sample 1, 
A 2 = 2.53 x 10 -2 W/mK 3 fo r  sample 2, and 
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FIGURE 1 
X(T) of sintered Ba2YCu307_ x and La2Cu04 a- 
bove 1 K. The solid line is the thermal con- 
ductivity of single-crystall ine Ba2YCu307.x 
as given in ref. 3. The inset shows the beha- 
viour of X at the lowest temperatures. 

A 2 = 3.38 x 10 -2 W/mK 3 for sample 3 between 
0.7 and 8 K. 

We compare our results on sintered speci- 
mens of Ba2YCu307_ x with previously publish- 
ed data (3) on a single crystal l ine sample of 
Ba2YCu307_x. As i t  may be seen in Fig. 1, 
the thermal conductivity for a single-crystal 
in the a-b plane is nearly an order of magni- 
tude larger than for our sintered samples. 
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This big di f ference cannot be at t r ibuted to the 
enhanced scatter ing of the phonons by grain-  
boundaries of sintered samples alone. The ther -  
mal conduct iv i ty  for  the sample with large 
grains (150 pm) is lower than for the sample 
with small grains (20 pm). Above 1.4 K the 
thermal conduct iv i ty  increases with increasing 
f i l l i n g  factor .  A possible reason for  the d i f -  
ference between sintered and c r ys ta l l i ne  mate- 
r i a l  is an anisotropic thermal conduct iv i ty  
where x is much larger in the a-b plane than 
perpendicular to i t .  For T < 0.3 K, we may f i t  
our data by X(T) = AIT+A3T 3 with A I = 2.8 x 
10 -3 W/mK 2 and A 3 = 1.37 x 10 -2 W/mK 4 for 
sample 1 and A I ~ 1.7 x 10 -3 W/mK 2 and A3 = 
2.53 x 10 -2 W/mK for sample 2. The prefactor 
A 3 increases with increasing grainsize and f i l -  
l ing factor ,  while A 1 decreases. The mean free 
path related to boundary scattering in sample 2 
is about 15 times larger than for sample 1. The 
prefactor A 3 is,  however, only two times larger 
than for  sample I because the cut-of f  frequency 
for sample 2 is much smaller than for sample 1. 

The non vanishing l inear terms in the speci- 
f i c  heat of c rys ta l l ine La2CuO 4 and sintered 
BazYCu307_ x (see below) suggest the exis- 
tence of two-level tunneling states as was 
pointed out by Graebner and co-workers (3). 

A non vanishing l inear- in-T contr ibution to 
the spec i f ic  heat cp(T ) as T << T c may a l -  
so be an ind ica t ion - fo r  unconventional super- 
conduct iv i ty .  The resonating-valence-bond mo- 
del (4) for superconduct iv i ty in these oxides, 
e.g. ,  predicts a yT contr ibut ion to the speci- 
f ic-heat  in the superconducting state. 

The inset of Fig. 2 shows the result  of our 
specif ic-heat measurements above 1.5 K. Cp 
of Ba2YCu307_x (sample I) is described by a 
two parameter f i t  cp(T) = yT + #T 3, where 
y = 10 -~ J/mole K ~ and # = 5.89 x 10 -~ J/mole 
K 4. A three parameter f i t  on(T) = yT+~T ° + 
6TS. with y = 1.3 x 10 -3 J/m~le K2~ ~ = 1.74 x 
10 -~ J/mole K ~ and 6 = 9.80 x 10-" J/mole K ° 
is adequate for c rys ta l l ine  La2CuO 4. 

As shown in Fig. 2, the specif ic heat of 
both compounds increases with further decreas- 
ing temperature. In order to investigate this 
cont r ibut ion to d~ta heC°(T)twe subtract from the 
low-temperature extrapolated f i t  of 
the data above 1K.  The resu l t ing  low-tempera- 
ture cont r ibut ion to Cp shows for both com- 
pounds a T -2 term, but the prefactor is much 
larger for La2CuO 4 than for Ba2YCu307_x . We 
ascribe this T -L term to a nuclear specif ic 
heat CN. I t  is well known that at high tem- 
peratures c N can be expanded in a power 
series of I/T Assuming that the Cu nuclei 

=C spin quantum number (63Cu and 6 u both have 
3/2) are responsible for CN, we obtain by 
omitt ing a term of higher order in the pre- 
factors of the T -4 contr ibut ion: 

CNIR = (514a2+p2)T-2-3a2pT-3-17/16a4T -4 
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FIGURE 2 
Specific heat of sintered Ba2YCu307_ x and 
crys ta l l ine  La2CuO 4 below 1 K. The inset shows 
the specif ic heat above 1 K. Symbols for cor- 
responding samples are the same as in Fig. 1. 

where a : 2/3 ~ Heff/k B and 
P = e2Qq/4kB . Q is the nuclear quadrupolemo- 
ment, q the e lec t r i c  f i e l d  gradient at the nu- 
cleus. Hef f is the ef fect ive magnetic f i e l d  
at the nucleus and ~ is the nuclear magnetic 
moment. 

For La2Cu04 we obtain CN(T ) = 2.096 x 
I0-4T -2 - 9.05 x I0-8T -4 J/mole K. Since the 
T-3-term is missing, we conclude that the ob- 
served nuclear specif ic heat in La2CuO 4 is due 
to an ef fect ive magnetic f i e l d  Heff, as is 
expected from high-temperature antiferrom~g- 
netic order. From the prefact~r of the T- - 
term we estimate a = 4.49 10- K or Hef f : 
54 kOe. 

For Ba~YCu3Q7_x cN(T) = 4.1 x Io-sT -2 - 
9.3 x IO-TT -3 J/mole K. The need of a T-3-term 
to f i t  our data suggests that the expected 
quadrupole in terac t ion  is responsible for  the 
nuclear spec i f i c  heat of orthorhombic super- 
conducting Ba2YCu307_ x. Because of space l i -  
mi ta t ions,  we re f ra in  from analysing the ano- 
malous spec i f i c  heat at intermediate tempera- 
tures above 0.2 K in Ba2YCu307_ x. 
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