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Abstract

The gas-microphone photoacoustic (PA) technique has been applied to determine the second-order phase transition

in manganite compounds La1�xCaxMnO3 (x ¼ 0:1 and 0.2). A comparative analysis of the PA result with

magnetization and electrical resistivity measurements has been performed. The doping of Ca causes the occurrence

of ferromagnetic (FM) ordering. The FM transition temperature Tc; determined from magnetization measurement, is

145 and 180K for x ¼ 0:1 and 0.2, respectively. The temperature at which the anomaly of PA signal occurs is consistent

with Tc determined from the magnetization measurement. The change of PA signal arises at the same temperature in

both cases with decreasing and increasing temperatures. This implies that the paramagnetic to FM phase transition can

be regarded as a second-order phase transition with no latent heat at Tc: r 2002 Elsevier Science B.V. All rights

reserved.
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The magnetic and electric properties of manganites

La1�xCaxMnO3 (LCMO) strongly depend on the dop-

ing concentration x: The parent compound LaMnO3 is

an antiferromagnetic insulator. The partial replacement

of La3+ by Ca2+ gives rise to a ferromagnetic (FM)

ground state. LCMO exhibits a paramagnetic (PM)-to-

ferromagnetic (FM) phase transition accompanied by a

simultaneous insulator-to-metal transition for

0:2pxo0:5; and has an insulating FM ground state

for 0:1pxo0:2 [1]. In most cases, these phases are

microscopically inhomogeneous, which may be attrib-

uted to electronic phase separation into FM insulating

and FM metallic phases [2]. The phase transition in

La0.7Ca0.3MnO3 has been studied using photoacoustic

(PA) measurement, which showed that the PM-to-FM

phase transition could be regarded as a second-order

phase transition with no latent heat at the phase

transition temperature [3]. In the present study, we

measure PA signals for insulating FM (x ¼ 0:1) and

metallic FM (x ¼ 0:2) compounds in order to investigate
phase-transitions near the ferromagnetic phase bound-

aries.

Polycrystalline samples were prepared by standard

solid-state reaction from stoichiometric amounts of

La2O3, CaCO3, and MnO2 with repeated grindings

and firings at 11501C. The powder was pressed into

pellets and annealed at 13001C in air for 72 h and finally

quenched down to room temperature. Resistivity was

measured by a standard four-probe technique with AC

nano-ohm meter (16Hz), and magnetization was per-

formed on a vibrating sample magnetometer. PA

measurements were done using a gas-microphone

PA cell constructed in the form of a Helmholtz

resonator [3]. All measurements were performed using

a commercial diode laser chopped at 80Hz.

Fig. 1 shows the temperature dependence of magne-

tization MðTÞ: In zero-field-cooled (ZFC) magnetization
measurements, the sample was cooled from 300 to 20K
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