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Abstract. Infrared (IR) transmittance spectra were measured for a series of La2/3Ca1/3MnO3

samples with different particle sizes. Two extra absorption peaks appear when the average
particle size of the samples is smaller than 60 nm; these peaks can be ascribed to the surface
stretching and bending modes of the MnO6 octahedra. When the average particle size decreases,
the absorption strength of the surface modes increases while that of the bulk modes reduces.

1. Introduction

Since the discovery of ‘colossal’ magnetoresistance (CMR) [1–6] in the doped manganite
perovskite Re1−xAexMnO3 (Re is a lanthanide element such as La and Nd, Ae is an alkaline-
earth element such as Ca and Sr), a great deal of progress [7–10] has been made both
experimentally and theoretically in explaining some intriguing physical properties found
among these materials. Although the origin of the CMR effect remains unclear so far,
the observed correlation between the electronic transport properties and ferromagnetism in
this class of materials has been long discussed in terms of an exchange coupling mediated
by the electronic hopping between neighbouring Mn eg orbits, called the double-exchange
(DE) process [11]. However, Milliset al [12] have pointed out that the DE model alone
is not sufficient to explain the CMR effect. They proposed that a lattice distortion due to
a strong electron–phonon interaction should be taken into account. The static Jahn–Teller
(JT) distortion in the manganite perovskite has been confirmed by an experiment on the18O
and16O isotopic effect of the Curie temperature in the compound La0.8Ca0.2MnO3 reported
by Zhaoet al [13]. For doping levels ofx > 0.2, although the static JT distortion is not
present, it has been conjectured that the dynamic JT effect should be important [14, 15].
Experiments on the optical conductivity of Nd0.7Sr0.3MnO3 thin films at temperatures down
to 15 K and magnetic fields up to 8.9 T reported by Kaplan showed that the dynamic JT
effect was indeed present [16], although no evidence of a Jahn–Teller effect was reported
for La0.825Sr0.175MnO3 by Okimotoet al [17].

It is well known that infrared (IR) spectra reflect the vibrating modes of the lattice in the
crystal. IR phonon spectra are sensitive to local lattice distortions [15, 18]. Large frequency
shifts of the internal phonon modes were observed by Kimet al [19] in a polycrystalline
La0.7Ca0.3MnO3 sample near the Curie temperatureTC , indicating that the electron–phonon
coupling plays an important role in the lattice dynamics of the manganese oxides. This
means that the exotic electronic transport and magnetic properties found for manganese
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oxides should be related to the local lattice dynamics of these compounds. Recently, some
special magnetoresistive behaviours have been reported for the granular perovskites La–(Sr
or Ca)–Mn–O [20–22], and in reference [22] this interesting magnetoresistive behaviour is
ascribed to the coexistence of interfacial tunnelling and intrinsic transport behaviours in the
system of the granular perovskite. The interfacial tunnelling effect arises from the surfaces
between neighbouring grains together with the intergrain distance. Due to the large number
of dangling bonds or non-coordination atoms existing in the surfaces, the lattice dynamics of
the granular perovskite can be expected to exhibit new features. In this paper we report our
investigations on IR spectra of a series of La2/3Ca1/3MnO3 (LCMO) samples with different
particle sizes. As the average particle size of LCMO decreases, two extra internal phonon
modes which can be ascribed to surface modes appear and the absorption strength of the
surface modes increases while that of bulk modes reduces.

2. Experiment

The fine particles of La2/3Ca1/3MnO3 were prepared using the sol–gel technique with
stoichiometric amounts of La2O3, CaCO3 and MnCO3 with nominal purities higher than
99.9%. First the powders were dissolved in concentrated nitric acid, resulting in a light
solution. Afterwards, citric acid and ethylene glycol were added in a ratio of 4 g citric
acid to 1 ml ethylene glycol and 1 g metal nitrates. The solution was heated and the
excess nitric acid and water were boiled off, giving a brown gel. The gel was preheated to
300 ◦C to remove the remaining organic content of the gel, forming the final black–brown
powder. Finally, particles of different sizes of La2/3Ca1/3MnO3 were obtained by annealing
at different temperatures,TA. The structures of the samples were characterized using x-ray
diffraction techniques (D/Max–γA). The measurements of the infrared transmittance spectra
were carried out with powder samples in which KBr was used as a carrier. The mixture of
LCMO powder and KBr carrier was then pressed into a slice with thickness of about 0.1 mm.
The transmittance spectra were measured using a Fourier-transform IR spectrophotometer
(Nico-Let 750) over the frequency range 350–4000 cm−1.

3. Results and discussion

The x-ray patterns obtained for several values ofTA are shown in figure 1. Above
TA = 400 ◦C, the samples crystallize in a single phase, showing the characteristic peaks
of the perovskite. The average particle size could be estimated from the x-ray linewidths,
through the classical Scherrer formulationDhkl = kλ/B cosθ , whereDhkl is the diameter of
the particle in units of 0.1 nm,k is a constant (shape factor∼0.9),B is the difference in the
width of the half-maximum of the peaks between the sample and the standard sample of KCl
used to calibrate the intrinsic width associated with the equipment, andλ is the wavelength
of the x-rays. The photographs from the transmission electron microscope (TEM) for the
samples annealed at 400◦C, 800◦C and 1000◦C are shown in figures 2(a), 2(b) and 2(c),
respectively. The average particle sizes of the samples annealed at different values ofTA
are summarized in table 1. This result is in good agreement with that determined by TEM.

Figure 3 shows the IR transmittance spectrum measured at room temperature for an
LCMO sample sintered at 1300◦C. The peaks at 3440 cm−1 and 1637 cm−1 are of the carrier
KBr·(H2O)n. The other two strong peaks appearing atν3 = 596 cm−1 andν4 = 398 cm−1

should belong to the optical phonons of La2/3Ca1/3MnO3. The x-ray diffraction result shows
that the sample is of pseudo-cubic structure with a lattice parameter of 0.3876 nm. For the
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Figure 1. XRD patterns of LCMO samples at different annealing temperaturesTA.

cubic perovskite ABO3 with the symmetry O1h, the normal modes of the lattice vibration at
the zone centre (k = 0, 0) are given in the irreducible representation by [23, 24]

0total = 4F1u+ F2u. (1)

One of the F1u modes corresponding to the acoustic phonon mode and F2u is optically
silent, i.e., neither IR nor Raman active. The remaining three F1u modes are IR active,
corresponding to the vibrational motion in which the B–O bond distance is modulated (the
stretching mode), the B–O bond angle is modulated (the bending mode) or to the translational
motion of the A atoms with respect to BO3 (the external mode), as illustrated in figure 1 of
reference [23]. According to the mode classification, we have assigned the two major peaks
to, from low to high energy, the bending and stretching modes, respectively. The external
mode appears normally below 200 cm−1; this cannot be detected in our experiments. In
the case of CMR perovskite, B represents the Mn element, so the stretching and bending
modes represent the optical phonons of the octahedron MnO6. In fact, La2/3Ca1/3MnO3

has a distorted ABO3 cubic symmetric structure. The distortion lowers the cubic symmetry,
which lifts the threefold-degenerate F1u (F2u) modes of the cubic structure. The distortion
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(a)

(b)

(c)

Figure 2. TEM photographs for LCMO samples annealed at 400◦C (a), 800 ◦C (b) and
1000◦C (c). The scale of the photographs is 1:100 000.

also enlarges the unit cell which contains more than two formula units, and as a result
the phonon branches are folded into the reduced Brillouin zone, resulting in an increase
in the number of0-point phonon modes. For example, for the perovskite-type structure
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Table 1. The average particle size of La2/3Ca1/3MnO3 at different annealing temperatures was
estimated by means of the Scherrer formula through measuring the full width at half-maximum
of the XRD patterns. The result is in good agreement with that determined by TEM.ν3 andν4

represent the stretching and bending modes respectively.

Sample specification TNL1 TNL2 TNL3 TNL4 TNL5 TNL6 TNL7

TA (◦C) 300 400 500 600 700 800 1000

Average particle 10± 4 10± 4 20± 5 30± 5 55± 5 70± 10 140± 10
Size (nm)

ν3 518.76 518.76 511.05 520.69 512.97 595.90 595.90
(cm−1) 582.40 582.40 582.40 586.26 595.50

ν4 352.00 352.00 352.00 352.00 352.00 352.00 352.00
(cm−1) 416.55 416.55 395.34 408.84 401.13

449.34 453.19 447.41

Figure 3. The IR transmittance spectrum of La2/3Ca1/3MnO3 taken over the frequency range
350–4000 cm−1.

with the rhombohedral distortion D63d (R3̄c), one can expect maximally eight phonons to be
observable in the far-infrared spectrum. However, in the present case with the polycrystalline
sample and non-polarized light, the other remaining stretching and bending modes are
probably too weak to be observed in the transmittance spectrum. In fact, another obvious
peak near 353 cm−1 has been observed; it may be ascribed to a bending mode. We do not
intend to discuss it in detail because this peak is associated with an unavoidable uncertainty
due to large errors at the edge of the device frequency band.

The IR spectra for LCMO samples with different grain sizes are shown in figure 4. It is
obvious that there is no remarkable difference in the various aspects of the IR spectra features
among the samples whose values ofTA are above 800◦C. But belowTA = 700 ◦C, both the
stretching and bending modes split into two peaks. Their positions are also summarized in
table 1. For example, atTA = 700 ◦C, ν3 splits into two peaks; one appears at 595.50 cm−1

and the other at 512.97 cm−1. ν4 also splits into two peaks, one at 447.41 cm−1 and one
at 395.34 cm−1. The average particle size of the sample annealed atTA = 700 ◦C is about
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Figure 4. IR transmittance spectra of fine particles of La2/3Ca1/3MnO3 at different annealing
temperatures,TA. The IR spectrum of La2/3Ca1/3MnO3 polycrystalline bulk sintered at 1300◦C
is also shown in the figure for comparison. The arrows hint at the positions of absorption peaks.

60 nm. Hence we believe that the peak of the stretching mode atν3S = 512.97 cm−1

and that of the bending mode atν4S = 447.41 cm−1 should be ascribed to the surface
vibration modes. The peaks at 595.50 cm−1 and 395.34 cm−1 should still be associated
with the bulk modes, i.e.,ν3B = 595.50 cm−1, ν4B = 395.34 cm−1. As TA is decreased,
i.e., the average particle size is reduced,ν3S moves to lower frequency butν4S tends to
shift to higher frequency. Simultaneously, the bulk stretching modeν3B also shifts to lower
frequency while the bulk bending modeν4B shifts to higher frequency. Another feature
of the IR spectra of fine particles of LCMO is that the absorption strength of the surface
modes increases with decreasing particle size, while the absorption strength of the bulk
modes reduces, and belowTA = 400 ◦C they become comparable. It is worth noting that
the bending modes disappear whenTA is below 500◦C. This phenomenon can be easily
understood by assuming that the ratio of surface areas increases as the average particle size
is decreased and therefore the strain increases, resulting in the suppression of the bending
mode.

The surface internal phonon modes observed in the granular perovskite should be due to
a large number of granular particles existing in the samples. As the particle size decreases,
the number of dangling bonds or non-coordination atoms existing in the grain surfaces
increases, leading to a large lattice distortion both in the grain surface and in the core;
as a result, the stretching modes will shift to lower frequencies and the bending modes
will shift to higher frequencies. As we stated in the introduction, there exists a strong
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correlation between the electronic transport properties and ferromagnetism in the class of
CMR materials. This observed correlation has been discussed in terms of a double-exchange
model. In double-exchange ferromagnets, such as Re1−xAexMnO3 perovskites, any local
lattice distortion can change both the Mn–O distancedMn−O and the bending angle2 of
the Mn–O–Mn bond. BothdMn−O and2 can affect the relevant Mn–O–Mn orbital overlap
tij , which leads to a change of the electronic bandwidthW , and as a consequence, the
magnetic properties of the CMR materials will influence by the local lattice distortions.
Many literature examples [12–16, 19] also show that the local lattice distortion plays an
important role in the electronic transport and magnetic properties of the manganese oxides.
So there is no doubt that the magnetoresistive behaviour of the granular perovskites has
a special nature [22]. We propose that the local lattice distortions in the grain surface as
well as in the core should be considered simultaneously to interpret the magnetoresistive
behaviour of the granular perovskite.

4. Conclusion

In summary, two internal phonon modes, i.e., the stretching and bending modes of the
MnO6 octahedra, were observed in a La2/3Ca1/3MnO3 sample sintered at 1300◦C. When
the average particle size of La2.3Ca1/3MnO3 is decreased, two extra absorption peaks which
can be ascribed to the surface bending and stretching modes appear. This suggests that
the surface modes existing in the granular perovskite should be responsible for its special
electronic and magnetic properties.
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