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Abstract. The ultrasonic longitudinal and transverse sound velocities in the single-phase
polycrystalline compound La1−xCaxMnO3 (x = 0.33, 0.63, 0.73, 0.83) have been measured by a
conventional pulse-echo-overlap technique at a frequency of 10 MHz, between 50 K and 300 K.
Dramatic anomalies in sound velocity for both longitudinal and transverse modes were observed
near the temperature of the ferromagnetic transition (TC ), charge-ordering transition (TCO ), and
antiferromagnetic transition (TN ). The detailed form of the sound velocity anomalies is somewhat
different near different phase transitions. The results imply a strong spin–phonon coupling.

1. Introduction

Hole-doped manganese oxides of perovskite-type R1−xAxMnO3, where R and A are a trivalent
rare earth and a divalent alkaline earth, respectively, have attracted considerable attention
due to their special structural, magnetic, and electronic properties, as well as their potential
applications in magnetic memory devices and sensors [1–5]. In this system, the interplay and
competition between spins, doped charge carriers (holes), the degree of freedom of orbitals, and
lattice structures lead to a variety of phase transitions [6–8]. For the La1−xCaxMnO3 system,
the x = 0 and 1 end members of the solid dilution, LaMnO3 and CaMnO3, are insulators
at all temperatures and their magnetic ground state is antiferromagnetic (AFM), as expected
for spins interacting via the superexchange interaction when the metal–oxygen–metal bond
angle is close to 180◦ [9]. Between 0.2 < x < 0.45, the system is a ferromagnetic (FM)
metal at low temperatures, and displays colossal magnetoresistance (CMR) effects nearTC .
In a narrow region of composition aroundx = 0.50, a competition between two types of
magnetic order was observed [10]. At higher doping levels (0.5 < x 6 1.0), the system
is AFM at low temperature with different magnetic structure [11], and a real-space charge-
ordering (CO) phase transition was observed by electron diffraction [12, 13], which is usually
associated with a phase transition to the AFM state. Recently, anomalies in sound velocity
were observed near the temperature of FM and CO/AFM phase transitions [12, 14, 15], which
indicates that the sound velocity anomaly can be a very sensitive and useful tool to monitor
different types of phase transitions in this system. In this paper, we present a systematic study
of the longitudinal and transverse ultrasonic sound velocities as a function of temperature on
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La1−xCaxMnO3 (x = 0.33, 0.63, 0.73, 0.83) samples in order to gain more insight into the
microscopic origin of different types of phase transitions.

2. Experimental procedure

Polycrystalline samples La1−xCaxMnO3 (x = 0.33, 0.63, 0.73, 0.83) were prepared by a
coprecipitation method. A stoichiometric amount of analytically pure starting materials La2O3

and CaCO3 was dissolved in hot dilute nitric acid. Then, stoichiometric, analytically pure
MnCl2·4H2O was dissolved in the solution. The solution was slowly added to the appropriate
concentration solution of(NH4)2CO3 which was stirred to coprecipitate. The coprecipitation
solution was filtered, washed with distilled water several times, baked at 120◦C for 24 h,
and then calcinated at 1000◦C, 1100◦C, and 1200◦C with intermediate grinding. Finally,
the product was pressed into pellets and sintered at 1260◦C for 18 h, and cooled to room
temperature at the rate of 2.5 ◦C min−1.

The crystal structures of La1−xCaxMnO3 samples were determined by powder x-ray
diffraction on a powder x-ray diffractometer (Japan Rigaku MAX-RD) using Cu Kα radiation
(λ = 1.5418 Å) at room temperature. The x-ray diffraction patterns of the samples are shown
in figure 1. All samples are single phase with no detectable secondary phases. The diffraction
peaks are sharp and can be indexed based on a pseudo-cubic perovskite structure.
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Figure 1. X-ray diffraction patterns of the La1−xCaxMnO3 samples (x = 0.33, 0.63, 0.73, 0.83).

The specimens for ultrasonic measurements were in the form of a flat disc, 12 mm in
diameter and 3.5–4.0 mm thick, and were hand-lapped to a parallelism of faces better than 2
parts in 104. The thicknesses of the specimens were measured on a calibrated micrometer stand
to within±1× 10−3 mm. X-cut andY -cut quartz transducers were used for the longitudinal
and transverse ultrasonic excitation, respectively. They were bonded to the specimen surface
with water-free Nonaq stopcock grease. All measurements were made in a closed-cycling
refrigerator during the warm-up from 50 K to room temperature at the rate of about 1.0 K min−1.
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Temperature was measured with an Rh–Fe resistance thermometer. The estimated error of
temperature was±0.1 K.

Ultrasonic sound velocity and attenuation measurements were made on the Matec-7700
series at a frequency of 10 MHz by means of a conventional pulse-echo-overlap technique.
The sound velocityV was found through the following relationship:

V = 2L/t = 2Lf

whereL is the thickness of the specimen,t is the sound velocity transit time determined from
the distances between corresponding cycles of two successive echoes, andf (=1/t) is the
trigger frequency displayed on a Sabtronics model 8000C frequency counter.

The relative ultrasonic attenuation was calculated from the exponential decay of the echoes,
and can be expressed as

α = −20

2(m− n)L lg
Vm

Vn

where Vm and Vn are the maximum amplitude (voltage) of themth and thenth pulse,
respectively. Attenuation was continuously recorded, and the data were presented directly onto
a 4′′ taut band meter and a built-in strip chart recorder during the dynamic pulsed ultrasonic
experiments on the model 2470B automatic attenuation recorder.

3. Results and discussion

The temperature dependences of the longitudinal sound velocity forx = 0.33 and 0.63 at a
frequency of 10 MHz are shown in figure 2(a). A dramatic hardening in longitudinal sound
velocity was observed forx = 0.33 andx = 0.63 below the FM transition temperatureTC
and CO transition temperatureTCO . This feature is in good agreement with that observed by
Ramirezet al [12], and was attributed to the strong coupling of sound to the internal energy and
electron–phonon coupling via the Jahn–Teller effect, respectively. To gain more information
about the microscopic origin of the FM and CO transitions, we measured the transverse sound
velocity forx = 0.33 andx = 0.63 in the temperature range from 50 K to 300 K. The results
are shown in figure 2(b). Forx = 0.33, a similar hardening in transverse sound velocity was
observed belowTC . This simultaneous occurrence of the sound velocity anomalies and the
establishment of long range magnetic order atTC suggests that there exists strong spin–phonon
coupling nearTC . It is very interesting to note that the unexpected anomalies in transverse sound
velocity were observed atTC andTCO for x = 0.33 and 0.63. It should be remembered that
transverse waves, propagating through the crystal lattice, do not generate localized variations
in density and do not distort the Fermi surface. This is in contrast to the behaviour of the
longitudinal wave [16]. The same behaviour of the sound velocities of the longitudinal and
transverse waves forx = 0.33 and 0.63 seem to indicate that the lattice hardening inx = 0.63
below TCO is somehow related to the spin–phonon coupling, in addition to the previously
proposed electron–phonon coupling. In fact many magnetic measurements evidenced that the
CO transition is accompanied by a phase transition to the AFM state [12, 17, 18].

To complete the ultrasonic characterization near the CO/AFM transition, we performed
a series of sound velocity measurements forx = 0.73 and 0.83 in the temperature region
50–300 K. The data are plotted in figure 3(a) and (b). Both the longitudinal and transverse
sound velocities increase dramatically belowTCO andTN , which is similar in character to as
observed forx = 0.63. According to the phase diagram proposed by Schifferet al [8], the
AFM phase transition should be expected forx = 0.83. It seems that the anomalies in sound
velocity, observed forx = 0.63, 0.73 and 0.83, are related to the AFM transition, and imply a
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Figure 2. Temperature dependences of the longitudinal (a) and transverse (b) ultrasonic sound
velocities for La1−xCaxMnO3.

strong spin–phonon interaction nearTCO andTN . It is worth noting that the fractional increase
in sound velocity observed in La1−xCaxMnO3 belowTN is much larger than that observed in
a conventional AFM transition [19, 20].

The other important feature in figures 2 and 3 is the different behaviour of the sound
velocities above the temperatures of different types of phase transitions. Forx = 0.33, the
sound velocity is nearly temperature independent aboveTC . However, considerable softening
was observed nearTCO for x = 0.63 andx = 0.73, as the transition was approached from
higher temperatures. Similar softening in sound velocity aboveTN was observed forx = 0.83;
however, the fraction of velocity softening is much larger (15%) than that forx = 0.63 and
x = 0.73. The differences in behaviour of the sound velocities above phase transitions are
probably related to different types of magnetic transitions. Forx = 0.33, the ground state is
known to be FM order. On the other hand, Wollman and Koehler [11] found CE-type AFM
order for 0.5 6 x 6 0.75 and C-type AFM order forx = 0.8 in La1−xCaxMnO3 by neutron
powder diffraction. CE-type order is developed by the coherent stacking of octants of the
C- and E-type structures. C-type order consists of ferromagnetic chains. It may be possible
that the AFM structure of the present L1−xCaxMnO3 crystals change from CE-type in the CO
region to C-type in the AFM region. Furthermore, the substantial softening in sound velocity
for x = 0.83 indicates that the critical fluctuations of the order–disorder type, associated with
the C-type AFM order, are much larger than that of other types of magnetic transitions.
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Figure 3. Temperature dependences of the longitudinal and transverse sound velocities for
La1−xCaxMnO3: (a)x = 0.73; (b)x = 0.83.

4. Conclusion

In conclusion, we have measured the longitudinal and transverse ultrasonic sound velocities
of La1−xCaxMnO3 (0.33 6 x 6 0.83) as a function of temperature. Anomalies in both
longitudinal and transverse sound velocities were observed near the temperature of the
ferromagnetic transition, charge-ordering transition, and antiferromagnetic transition. It is
suggested that these anomalies of sound velocity are due to the spin–phonon interaction, and
the differences in behaviour of the sound velocity nearTC , TCO , andTN are due to different
types of magnetic transitions.
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