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a b s t r a c t

The heat capacity, Cp, of the La1−xSrxCrO3 system and its temperature dependence have been measured by
a thermal relaxation technique. Both structural and magnetic phase transitions were detected at temper-
atures that can be surmised from the phase diagram proposed in previous studies. The observed variation
in enthalpy after the first-order structural phase transition, �H, showed agreement with those measured
by differential scanning calorimetry (DSC). A decrease in the variation in Cp in the second-order mag-
netic phase transition, �Cp, with an increase in Sr content was detected, which can be attributed to a
decrease in electronic spin configuration entropy with an increase in Sr content. In the dependence of
�Cp on Sr content, a bending point was also observed at x ∼ 0.12, at which the crystal system varies from
an orthorhombic-distorted perovskite structure to a rhombohedral-distorted perovskite structure.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Oxides with a perovskite-type crystal structure including a
3d transition metal, La1−xAexMO3 (Ae = Ca, Sr; M: 3d transition
metal) show interesting property such as a high electrical con-
ductivity at high temperatures in various gas atmospheres and a
colossal magnetic resistance (CMR) [1–3]. The magnetic, electric
and thermodynamic properties of La1−xAexMO3 are affected by a
slight distortion from the ideal cubic perovskite structure, which
is often observed in most perovskite-type oxides. Therefore, clar-
ifying the relationship between the precise crystal structure and
the above-mentioned properties is essential for practical appli-
cations; however, the authors consider that there have been few
exhaustive reports since oxygen non-stoichiometry, which should
generate under some preparation conditions and is a factor affect-
ing the crystal structure and properties, was not considered in most
studies.

Among La1−xAexMO3, La1−xAexCrO3 prepared in O2 or air is
reported to have no oxygen deficiency regardless of Ae content,
as determined from the results of thermogravimetry [4–6]. Thus,
we regard that La1−xAexCrO3 is the most suitable material for
analyzing the relationship between crystal structure and various
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properties since distortion from the ideal cubic perovskite struc-
ture and chemical state of Cr, i.e., the concentrations of holes and
spins are determined only by Ae content. Moreover, the origin of the
magnetic property of La1−xAexCrO3 is the super-exchange interac-
tion of magnetic spin on the t2g orbital of the B site Cr ion. Because a
similar super-exchange interaction of magnetic spin on an eg orbital
is proposed for La1−xAexMnO3, which has been extensively studied
as CMR materials, particularly at low Ae content, the analysis of
the relationship between the crystal structure and magnetic prop-
erty of La1−xAexCrO3 might be the first step in elucidating the CMR
mechanism of La1−xAexMnO3.

In our previous study [7], we have analyzed the structural
and magnetic phase transition of La1−xSrxCrO3 by differential
scanning calorimetry (DSC), dilatometry, temperature-controlled
X-ray diffraction analysis, and dc magnetic measurement using
SQUID. Two types of phase transition, namely first-order
structural phase transition from orthorhombic-distorted per-
ovskite to rhombohedral-distorted perovskite and second-order
phase transition from canted antiferromagnetic to paramag-
netic, were observed. Phase transition temperature changed
with Sr content, and we proposed a magnetic and struc-
tural phase diagram of La1−xSrxCrO3, which includes four
phases: paramagnetic-orthorhombic, canted antiferromagnetic-
orthorhombic, canted antiferromagnetic-rhombohedral, and
paramagnetic-rhombohedral. In particular, we have measured
the dependence of magnetization on external magnetic field at
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various temperatures for specimens with an Sr content x higher
than 0.12 [8]. It has been revealed that the residual magnetization
and coercive force of canted antiferromagnetic phase are affected
by the first-order structural phase transition.

According to the phase diagram previously proposed [7], two
types of second-order phase transition from a canted antiferromag-
netic phase to a paramagnetic phase are shown: one is observed in
the phase of orthorhombic-distorted perovskite for specimens with
x lower than 0.12, whereas the other is detected in rhombohedral-
distorted perovskite for specimens with x higher than 0.12. It is
probable that behavior of the second-order phase transition varies
depending on crystal structure. However, even the direct measure-
ment of heat capacity (Cp), the most fundamental thermodynamic
property, has not been carried out for La1−xSrxCrO3 and its variation
in the second-order phase transition, �Cp, has not been sufficiently
estimated.

In this study, the Cp of La1−xSrxCrO3 below room tempera-
ture has been measured using a thermal relaxation technique.
The evaluated Cp and observed phase transition behavior have
been compared with the results observed by DSC and dc magnetic
measurement. The effect of the crystal system on �Cp has been
investigated for the first time.

2. Experimental

Polycrystalline specimens of La1−xSrxCrO3 (x = 0.00–0.25) were
prepared by the Pechini method [9]. Details of the preparation
process are the same as those previously reported [7]. For powder X-
ray diffraction analysis (Cu K�; 50 kV, 250 mA, Rigaku RINT-2500)
and differential scanning calorimetry (DSC; DSC8230, Rigaku Co.,
Ltd.), some of the obtained La1−xSrxCrO3 pellets were reground into
powder in an alumina mortar. X-ray diffraction analysis at room
temperature indicated that the obtained specimens were single-
phase orthorhombic-distorted perovskite and rhombohedral one
with x < 0.10 and x > 0.10, respectively. For La0.9Sr0.1CrO3, a mix-
ture of the two phases was obtained [10]. DSC was carried out by
a method that is completely same as the previously reported one
[7].

The dc magnetic susceptibility of the sintered La1−xSrxCrO3
was measured with a SQUID magnetometer (Quantum Design Inc.,
MPMS model). The temperature of the sample was controlled to
be at measurement level after zero magnetic field cooling (ZFC)
and then magnetic susceptibility was measured under an external
magnetic field of 2 kOe. The measurement temperature range was
2.2–300 K at a heating rate of 1 K/min.

For Cp measurement, sintered La1−xSrxCrO3 pellets were shaped
into rectangular form of about 2.0 mm × 2.0 mm × 1.0 mm. The Cp

of the thus-shaped specimens were measured using PPMS (Phys-
ical Property measurement system; Quantum Design Inc.) with
a heat capacity option by a thermal relaxation technique of the
step scanning method under vacuum with a temperature range of
1.8–310 K.

3. Results

Fig. 1 shows the temperature dependence of the Cp of
La1−xSrxCrO3. A heat capacity jump was observed for every
La1−xSrxCrO3 as depicted by downward arrows. The temperature,
at which the heat capacity jump was observed, decreased with an
increase in Sr content. Fig. 2 shows the temperature dependence of
the reciprocal of dc magnetic susceptibility, �−1, of La1−xSrxCrO3.
A discrete increase in �−1 was observed at temperatures depicted
by upward arrows. Linear relationships were detected above the
temperature as shown in dotted lines, indicating a paramagnetic

Fig. 1. Heat capacities of La1−xSrxCrO3: (a) x = 0.00, (b) x = 0.05, (c) x = 0.10, (d) x = 0.13,
(e) x = 0.15, (f) x = 0.20, and (g) x = 0.25 measured by thermal relaxation technique.
Heat capacity jumps originating from the second-order magnetic phase transition
are denoted by downward arrows. The peaks due to the first-order structural phase
transition are represented by upward arrows.

property that obeys the Curie–Weiss law. The small �−1, i.e., the
large � below the temperature suggested a canted antiferromag-
netic property, which was confirmed from the dependence of
magnetization on external magnetic field [7,8]. Since the tempera-
tures denoted by upward arrows in Fig. 2 agreed, the heat capacity
jump depicted by downward arrows in Fig. 1 can be ascribed to the
second-order magnetic phase transition. This phase transition has
also been detected in DSC curves as a baseline shift, as shown in
Fig. 3 and Ref. [7]. A smaller baseline shift was observed with an
increase in Sr content, showing correspondence with the smaller
�Cp in the specimens with higher Sr content, which will be dis-
cussed later.

For the specimens with x = 0.13 and 0.15, additional peaks were
detected at 231 K and 151 K, respectively, from the temperature
dependence of Cp as shown in Fig. 1(d) and (e). These temper-
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