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Abstract. ~ Heat capacity of Lag_ xM;CuO4 (M = Ba, Sr) has been investigated between 1.5 and 10 K. The temperaturee-
linear term, v T, of heat capacity is absent in the antiferromagnetic ordered region of z < 0.02. 7y increases abruptlg from

z = 0.02 to £ = 0.05 where the system ‘is insulating at low temperature and reaches of the order of 4mJ/mol.K

. The

appearance of the finite ¥ between the AF and SC state causes clearly to spin degrees of freedom. In the superconducting
region, 7y changes strongly with z and seems to be vanishingly small at = 0.10 for Ba-doping and 0<x<0.20 for Sr-doping.

High-T. superconductors show a rich phase diagram
involving structural, electronic (insulator-metal tran-
sition) and magnetic phase transitions. Figure 1 rep-
resents the phase diagram of La-Ba-Cu-O which sum-
marize the known experiments [1]. The fundamental
understanding of the mechanism of the high-T. super-
conductivity remains still unresolved up to now. An-
derson proposed a striking theory with a new concept
on the physics, which predicted the finite 4 of heat ca-
pacity in the superconducting (SC) state due to a gap-
less spinons excitation spectrum [2]. Experimentally,
finite 7 term in low temperature heat capacity were
observed in both La and Y systems by many groups
{3, 4.

Recent systematic studies of low temperature heat
capacity of La system show the strong correlation
between vanishing vT" in the antiferromagnetic (AF)
state and finite 4T term in an insulating state for Ba-
and Sr-doping {5, 6]. Detailed doping dependence of v
in the SC state must be urgently investigated because
of poor reproducibility of v values in the SC state in
the early studies. In this paper, we report the strong
variation of y with Ba- and Sr-doping in the both insu-
lating and SC state. The major result is that -y in the
SC state is vanishingly small at z = 0.10 for Ba-doping
and 0.10 < z < 0.20 for Sr-doping.

Samples were prepared by solid state reaction of a
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Fig. 1. — Phase diagram of Lag_.Ba,CuQ4. Open circles
are determined by the internal field analysis, and closed cir-
cles are obtained from the relaxation anomalies [7]. Super-
conducting transtion temperatures are determined by the
onset (V) and midpoint (A) of transition of ac susceptibil-
ity. Doted line shows the onset temperatures of electrical
resistance.

mixture of LasO3, BaCOj3, SrCO3; and CuO. Details
for sample preparations are reported elsewhere [5, 7].
Heat capacity was measured by heat-pulsed method
with calibrated Ge thermometer between 1.5 and 10 K.

Figure 2 shows heat capacity for Ba- doped samples
by plots of C / T wvs. T2, The temperature dependence
of heat capacity is fitted by the C = ~T + BT rela-
tion in the low temperature region. Here, T° term
is from the phonon contribution in the Debye model.
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Fig. 2. ~ Heat capacity plottes as C/T wvs. T2 for Ba-
doped samples. The solid lines are obtained by least square
fitting in the low temperature region.

The magnitude of the T-linear term is obtained from
extrapolating to T = 0 K by least square fitting. The
concentration dependence of -y is shown in figure 3.
As reported already in the Ba- and Sr-doped systems
[5, 6], it should be emphasized that v is absent in the
AF region and increases when 3D-AF order disappears.
Thus, our data indicate a fairly strong correlation be-
tween magnetic order and vanishingly small 47" term
and suggests an intrinsic origin for the 47" term when
it is finite. In the range of z < 0.06, we have con-
firmed the anomalies of nuclear relaxation rates at low
temperatures [7]. The relaxation anomalies, which is
clearly associated with the drastic change of fluctua-
tions of spins in the system, is correlated with the large
contribution to heat capacity in the insulating state.
In the SC state of = > 0.06, we have unexpecct-
edly dramatic z-dependence of the < values, although
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Fig. 3. — Concentration dependence of the coefficients of
the T'linear term of heat capacity, v, of Lag—oBazCuOy4
() and Lag._2Sr-CuOy4 (o).

small humps of heat capacity near 6 K cause the
rather scattered values for the concentrated Ba- and
Sr-doping. (Superconducting transition temperature,
T., show also a strong variation with Ba content, which
we will discuss elsewhere.) The results of the vanish-
ingly small 4T values near x = 0.1 ~ 0.2 indicate
that the contribution to the heat capacity from some
parastic phases like BaCuOa.. is absent in the present
La- system. No upturn behavior of heat capacity at
low temperatures also supports the absence of impu-
rity phases. We now understand that the poor repro-
ducebility of the finite v values reported so far is at-
tributed to such strong variation of the v values with z
and to possible inhomogeneity of samples at the early
studies.

At the present stage, several points should be noted
for possible cause of the strong variation of . One pos-
sible interpretation of the very large «y for z > 0.15 (for
Ba) and z > 0.20 (for Sr) is attributed to the structural

"inhomogeneity due to the transition from tetragonal
structure at high temperature to orthorhombic one at
low temperature near z = 0.15 for Ba and = 0.2 for
Sr [8].

Secondly, Shafer et al. [9] argued that T. was de-
scribed as a function of concentration of [Cu — O]*?
charge, which increased initially with doping an de-
creased rapidly from z ~ 0.15 due to the increase of
large oxygen deficiencies. It seems to be intertesting
to clarify the relation between finite v and the rapid
derease of [Cu — O]*? charge for highly-doped sam-
ples.

Thirdly, a finite « is connected to the existence
of a pseudo-Fermi surface for spinons in term of the
RVP picture [2]. However, the latter may exist only
s-symmetry of the superconducting wave function.
For the RVB wave function with d-symmetry which
is found to be more stable at the mean field the-
ory [10], there exists a sharp crossover-density z. ~
J / t, through which the onset of superconductivity is
characerized by different mecahnism [11). The physical
properties are markedly different in each side of this
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crossover. Recent theoretical study interprets that the
zero <y in the superconducting state is possible within
the RVB picture [12]. Finally, we have reported the ab-
sence of a linear term in Bi-Sr-Ca-Cu-O sample [13].
The T-linear term is not a general feature of the SC
state of the new oxide superconductors.
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