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

LOW-TEMPERATURE THERMAL PROPERTIES OF La,CuO, AND SUPERCONDUCTING Ba,YCu30;_x

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

* Laboratorium fir Festkdrperphysik, ETH-Honggerberg, CH-8093 Zirich, Switzerland,
+ Los Alamos National Laboratory, New Mexico 87545, USA, " Asea Brown Boveri Corp. Research,

CH-5401 Dattwil, Switzerland.

The thermal conductivity A and the specific heat cp of Ba,YCu307-x and La,Cu0, have been
measured in the temperature range 0.03 < T < 30 K. The thermal conductivity of sintered

BayYCus07_y samples varies as T

between 0.7 and 8 K, while below 0.3 K A(T) is described as

a sum of two terms where one is proportional to T and the other varies like T3. For sintered
LayCuly, A{T) is distinctly smaller than in sintered BayYCu307.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 vy in sintered Ba,YCu30;_yx is nearly an order of magnitude larger than in

crystalline La,Cu0,.

1. INTRODUCTION

After the discovery (1) of high-Te super-
conductivity in oxide compounds it was at once
discussed what characteristics of the supercon-
ducting state might be anomalous. It was soon
realized that in superconducting BasYCu30;_y
a linear-in-T contribution to ¢y is observed
at temperatures well below T¢ (g), an uncom-
mon feature in conventional superconductors.

In order to contribute to clarifying the si-
tuation we made a study of thermal properties
of various different samples of BapYCu307_y
and, for comparison, of insulating LapCuQ,.

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 BayYCu307.x three different samples
have been investigated. Sample 1 had a Tow
mass-density (o = 75-80% of ptheor) and an
average grainsize of 10 pm, samples 2 and 3 had
a large mass density and average grainsizes of
150 and 20 um, respectively. The thermal
conductivity of LapCuQ, has been measured on a
sintered sample, but the specific heat was
obtained for a crystalline sample.

3. RESULTS

In Fig. 1 we show the results of the ther-
mal conductivity experiments above 1.4 K by
plotting log A versus log T.

Above 4 K we _may fit our data for La,Cu0,
with A(T) = A,T2, where A, = 1.2 x 10-2 W/mk3.
At temperatures below 0.3 K a two parameters
fit A(T) = A;T*AT® yields the following values
for Aj:A; = 4.5 x 10=> W/mK? and As; = 8.1 x
10-% W/mk*. For Ba¥Cuy07_y, A(T) = A,T2, with
Az = 2.24 x 10-2 W/mk® for sample 1,

Ay = 2.53 x 10-2 W/mk® for sample 2, and

won
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FIGURE 1

A(T) of sintered Ba,YCu30;_x and La,Cu0, a-
bove 1 K. The solid line is the thermal con-
ductivity of single-crystalline Ba,YCu307.x
as given in ref. 3. The inset shows the beha-
viour of A at the lowest temperatures.

A, = 3.38 x 10-2 W/mk® for sample 3 between
0.7 and 8 K.
We compare our results on sintered speci-
mens of Ba,YCu30;_, with previously publish-
ed data (3) on a single crystalline sample of
BazYCU307_X.
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.

As it may be seen in Fig. 1,
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This big difference cannot be attributed to the
enhanced scattering of the phonons by grain-
boundaries of sintered samples alone. The ther-
mal conductivity for the sample with large
grains (150 um) is Tower than for the sample
with small grains (20 pm). Above 1.4 K the
thermal conductivity increases with increasing
filling factor. A possible reason for the dif-
ference between sintered and crystalline mate-
rial is an anisotropic thermal conductivity
where A is much larger in the a-b plane than
perpendicular to it. For T < 0.3 K, we may fit
our data by MT) = AjT+A,TS w1th Al = 2.8 x
10-3 W/mKZ and As = 1.37x 10- émK“ for
sample 1 and A; Y 1.7 x 10-3 W/mK? and A; =
2.53 x 10-2 W/mK" for sample 2. The prefactor
A3 increases with increasing grainsize and fil-
ling factor, while A; decreases. The mean free
path related to boundary scattering in sample 2
is about 15 times larger than for sample 1. The
prefactor A; is, however, only two times larger
than for sample 1 because the cut-off frequency
for sample 2 is much smaller than for sample 1.
The non vanishing linear terms in the speci-
fic heat of crystalline La,Cu0, and sintered
Ba,YCu307_, (see below) suggest the exis-
tence of two-level tunneling states as was
pointed out by Graebner and co-workers (3).

A non vanishing linear-in-T contribution to
the specific heat ¢p (T) as T << T¢ may al-
s0 be an indication for unconventional super-
conductivity. The resonating-valence-bond mo-
del (4) for superconductivity in these oxides,
e.g., predicts a yT contribution to the speci-
fic-heat in the superconducting state.

The inset of Fig. 2 shows the result of our
specific-heat measurements above 1.5 K. ¢
of Ba,YCus07.x (sample 1) is descr1bed by a
two parameter fit cp(T) yT + gT3, where

10-° d/mote K2 and g = 5.89 x 10-* J/mole
Kl+ A three parameter fit cP(T) yT+pT3 +
5T with y = 1.3 x 10-° J/mole K2 5 B =1.74 x
10-4 J/mole K" and 5 = 9.80 x 10-7 J/mole K
is adequate for crystalline La,CuQy.

As shown in Fig. 2, the specific heat of
both compounds increases with further decreas-
ing temperature. In order to investigate this
contribution to cp(T) we subtract from the
low-temperature data the extrapolated fit of
the data above 1 K. The resulting low-tempera-
ture contripution to cp shows for both com-
pounds a T-2 term, but the prefactor is much
larger for LayCu0, than for BayYCu30y.y. We
ascribe this T-2 term to a nuclear specific
heat cy. It is well known that at high tem-
peratures cy can be expanded in a power
series of léT. Assuming that the Cu nuclei
(°3¢u and °°Cu both have spin quantum number
3/2) are responsible for cy, we obtain by
omitting a term of higher order in the pre-
factors of the T-* contribution:

cN/R = (5/8a%+p?)T-2-3a%PT-3-17/16a"T-"
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FIGURE 2

Specific heat of sintered Ba,YCu30,_x and
crystalline La,Cu0, below 1 K. The inset shows
the specific heat above 1 K. Symbols for cor-
responding samples are the same as in Fig. 1.

where a = 2/3 u Hefrf/kg and
P = e2Qq/4kg. Q is the nuclear quadrupolemo-
ment, q the electric field gradient at the nu-
cleus. Hgff is the effective magnetic field
at the nucleus and p is the nuclear magnetic
moment .

For LaZCuoh we obtaln cN(T) = 2.096 x
10 5T-2 _"9.05 x 10-%T-" J/mole K. Since the
T-3_term is missing, we conclude that the ob-
served nuclear specific heat in La,CuQ, is due
to an effective magnetic field Hefs, as is
expected from high-temperature antiferromgg-
netic order. From the prefactgr of the T-<-
term we estimate a = 4.49 107 K or Hegf =
54 kOe.

For Ba;YCu307_X eN(T) = 4.1 x 10-°T-2
9.3 x 10- J/mole K. The need of a T-3-term
to fit our data suggests that the expected
quadrupole interaction is responsible for the
nuclear specific heat of orthorhombic super-
conducting Ba,YCu30;_y. Because of space 1i-
mitations, we refrain from analysing the ano-
malous specific heat at intermediate tempera-
tures above 0.2 K in Ba,YCuz0y.y.
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