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Single crystals of Lag.g7Cag.33MnO3 and Lag.¢7Cag.33Mng.g6Feq.0403 were obtained by floating zone method.

Laue diffraction pattern and rocking curve of the single crystals show that their quality is good. The magnetic behaviours

of these compounds have been studied. Fe doping significantly depresses the magnetic contribution to the total specific

heat Cp, but slightly influences the lattice contribution at temperatures above 50K. The peak of Cp shifts towards high

temperatures with increasing magnetic field. Both single crystals exhibit the first-order magnetic transition around the

Curie temperature.
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1. Introduction

Since the

toresistance (CMR) effect in perovskite rare earth

discovery of the colossal magne-

manganites,!] great effort has been made to under-

(23] General formula of

stand their basic principle.
manganites exhibiting CMR is Ln; _,A,MnOg3, where
A is a divalent ion substituting for Ln. Many au-
thors have reported on significant differences between
single crystals and polycrystalline samples of man-
Single crystals exhibit much higher CMR

than polycrystalline samples at temperatures just be-

ganites.
low the transition to the metallic state. There are
several reports on single crystal growth of A-site
doping,[*~% but the reports for B-site doped single
crystal growth are relatively rare.l”) Since the basic
understanding of the CMR effect has a great impact
on the potential application of these materials, high-
quality single crystals are needed for the study of their
intrinsic properties. So we describe the growth of
Lag.67Cag.33Mng.g6Feq 04 O3 single crystal in detail in
this paper and compare the magnetic and specific heat
properties of it with those of Lag ¢7Cag.33MnO3 single

crystal.
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2.Experimental procedures

The single crystals were grown through the
floating-zone method (FZM) with four ellipsoidal mir-
rors (Crystal Systems Inc, FZ-T-10000-H-VI-VP).
Polycrystalline samples with nominal compositions
of Lag.67Cag.33MnO3 and Lag.g7Cag.33Mng .96 Feg.04 O3
were prepared by the standard solid-state reaction.
The raw materials (LagO3z, CaCOj, MnCOj; and
FeyO3 with 99.99% purity) were weighed after pre-
treatment and mixed in an agate mortar, then pal-
letized and sintered at 1573K for 30h in mixed at-
mosphere of 50% Ar and 50% Os.

and phase purity of the polycrystalline samples were

The structure

checked by a Rigaku x-ray diffractometer with a rotat-
ing anode and Cu Ka radiation. The x-ray diffraction
(XRD) patterns proved that these two samples are
single phase of a perovskite-like structure. Then the
polycrystalline pallets were ground to powder again
and compressed hydrostatically in a rubber tube into
rods with a diameter of 8mm and a length of 60mm.
These rods were heated in mixed atmosphere at 1723K
for 100h to form polycrystalline rods. Two of the sin-
tered rods served as the seed and feed rods, which

rotated at ~28rpm in opposite directions. When we
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grew single crystal, the feed rod at first time at a low
speed, the bottom of the feed rod became stacking,
cracking and collapsing because the sintering temper-
ature of the feed rod is not so high, so that the density
is not high enough. The other reason for cracking was
due to the composition gradients of calcium between
the molten part and the crystal. The expansion of do-
mains with slightly different lattice constants caused
cracks. So we first pre-grew the sample at the fastest
speed in order to make the feed rod dense enough, and
then grew it stably at a speed of 1.5-2.5mm/h in the
second time. This method is effective for preventing

cracking and collapsing.
3. Results and discussion

Figure 1 presents a typical crystal boule grown at
a speed of 2mm/h. The boules are all black with a
metallic luster. The diameter of our samples is about
6-7mm, and the length is about 20-30mm. We used
the inductively coupled plasma atomic emission spec-
troscopy (ICP-AES) to determine the compositions of
our single crystals. For this kind of material, it is dif-
ficult to obtain homogeneous calcium content across
the whole crystal. For example, for a single crys-
tal without Fe doping, the concentration of calcium
on the bottom of the crystal is about 0.34 and de-
creases by 0.001/mm gradually with growing process.
This happens because the effective distribution coef-
ficient for calcium is K¢, = Cs/Cy < 1, where Cg
and C,, are the cation concentrations in the solid and
the melt, respectively. As the solidification is car-

ried on, there is an increase in the calcium content
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in the melt (due to the Ca segregation). But Ca-
doso et al® considered that there is an equilibrium
point where the crystal became homogeneous with re-
spect to calcium content because the amount of cal-
cium going from the solid state to the molten zone
becomes equal to the amount of calcium incorporated
into the crystal. The compositions at the middle of
the two sample crystals (Lag.g9Cag 31 MnO3 (LCMO)
and Lag gsCag.32Mng.96Fe0.0403 (LCMFO)) were de-

termined.

Fig.1. LCMO single crystal grown by FZM.

XRD experiment was carried out to check the
single crystal and determine the crystallographic di-
rection. Figure 2(a) shows the back-reflection Laue
diffraction pattern of LCMFO, which is in the [00]]
direction with a four-fold symmetry. XRD pattern
and rocking curve of the LCMFO single crystal along
[00I] direction measured by a Rigaku x-ray diffrac-
tometer are given in Fig.2(b). The rocking curve of
(004) Bragg-reflection peak shows a FWHM of 0.4°,
suggesting a high quality of the single crystal. Laue
diffraction pattern and rocking curve of LCMO are
similar to that of LCMFO in the same direction.
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Fig.2. Laue diffraction (a) and x-ray diffraction (b) pattern of LCMFO single crystal along the
[00]] direction. The inset shows the rocking curve of (004) Bragg-reflection peak for LCMFO single

crystal.
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Magnetization and specific heat measurements
were performed on a commercial physical property
measurement system (Quantum Design, PPMS-14).
Magnetic fields are parallel to the long axis of the sam-
ple ([00!] direction). Figure 3 shows the temperature
and magnetic field dependence of the DC susceptibil-
ity M for LCMO and LCMFO under a 0.16x10%A /m
magnetic field. The Curie temperature T is about
218K for LCMO and 174K for LCMFO, where a para-
magnetic (PM) to ferromagnetic (FM) transition hap-
pens. Inset of Fig.3 shows that the saturation mag-
netic field is about 4.8x10°A /m for LCMFO at 5K.
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Fig.3. Temperature dependence of DC susceptibil-
ity measured at H=0.16x10°A/m for LCMO and
LCMFO. The inset shows the magnetic field depen-
dence of magnetization at 5K.

Figure 4 displays the specific heat of LCMFO as
a function of temperature above 50K under zero mag-
netic field. A sharp peak of the specific heat appears
around the Curie temperature. We use three-optical-
phonon Einstein model to evaluate the phonon contri-

bution Cphonon, (9]

CEinstein =3rR Z a; [xfezl/(ezl - ]‘)2]7

where x; = hv;/kgT (i=1, 2, 3), kp is Boltzmann’s
constant, r=5 is the number of atoms per ABOj3 unit
In this model, all
the independent oscillators populate on the three op-

cell, and R is the gas constant.

tical modes of the frequencies of v; in the ratio of
a1 : ag : az. The fitting of experimental data to
this equation gives the Einstein modes of hv;/kg=138,
423, 985K and a; : as 1 az3=2: 7 :

this phonon contribution Cphonon from the total spe-

1. Subtracting

cific heat Cp, we obtain magnetic contribution to spe-

cific heat, Cpnag, and the results are shown in Fig.5.

In contrast to Lag 7Srg.3MnOs3, of which the magnetic
peak broadens and decreases in height without change
with temperature under an applied field.['?) The mag-
netic fields drive the Crae peak to high temperatures
and depress its height for LCMO and LCMFO. Both
LCMO and LCMFO exhibit the first-order magnetic
transition around the Curie temperature. Fe doping
decreases the Curie temperature by affecting the dou-

ble exchange interaction of Mn3* and Mn* ions.
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Fig.4. Specific heat of LCMFO under zero magnetic
field. Solid lines are the results of curve fitting to three

Einstein modes.
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Fig.5. Temperature dependence of the magnetic con-
tribution to specific heat of LCMO and LCMFO ob-
tained under H=0 and 8x105A /m.

4. Conclusion

In conclusion, we have successfully grown the
LCMO and LCMFO single crystals by the floating
zone method. The stable growth of the single crys-
tal is obtained by first growing fast, which can make
the feed rod dense, then slowly. The crystal quality
was checked by the rocking curve and back-reflection
Laue diffraction. Magnetic and specific-heat proper-

ties show that both crystals experience a first-order
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magnetic transition around the Curie temperatures.

The incorporation of Fe atoms depresses significantly

the magnetic contribution to the total specific heat,

but influences the lattice contribution slightly.
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