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Abstract

CMR Materials RE, _,CaMnO,(RE =La, Nd, A =Ca, Sr) were grown using the floating zone
image furnace with halogen lamps as heat source. The growth condition was at 2~10 mm/hr growth
rate in air atmosphere, were 45~50 rpm and 20~25 rpm of rotation rate of feedrod and growing crys-
tal, respectively. The grown crystals showed shiny black color and annealed at 1500°C in a box fur-
nace to release the residual stress during cooling. Characterization analyses of the crystal were carried
out using XRD and SEM. The crystal structure of Nd,Ca,,MnO, was analyzed with smart CCD
XRD was lattice parameter of a =15 A25(4)A, b=5434(4)A, and ¢ = 7.712(5)A, an orthorombic Sys-
tem with space group of Pbnm.
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Fig. 1. The feedrod synthetic methods was made by
a) once heat-teratment and, b) 3rd heat-teratment.
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Fig. 2. The heat-treatment profile for the feedrod.
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Fig. 3. Photograph of molten zone image.
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Fig. 4. Photographs of the crystal grown by float-
ing zone method a) La,,Cay,MnQ;, and b) Nd,,-
Cay;MnQO;,.
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Fig. 5. XRD patterns (a) La,,Ca,;MnO; crystal
grown by floating zone, and (b) La,,Ca,;MnO; feed
rod.
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Fig. 6. SEM micrographs (a) Nd,,Ca,;MnO’ cry-
stal of the cross section, and (b) Nd*’Ca,;MnO,
crystal of the longitudenal section.
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Table 1. Summary of Crystal data and Structure
refinement for Nd,,Ca,;MnO,

Crystal data

Empirical formula
Formula weight
Temperature
Crystal system
Space group

Unit cell dimension

Volume
Z
Density (calculated)

Nd,;Cag ;MnO;

215.93

293 K

Orthorhombic

Pbnm

a=5425MHA a=90°
b=54344)A B=90°
c=TT12(5A y=90°
2WT3(DHA°

2

3.154 Mg/m*

Data Collection

Diffractometer

CCD area detector

Data Collection

Radiation/wavelength
Absorption coefficient (}1)
F(000)

Crystal size

0 range for data collection
Index range

Scan type

Measured Reflection
Independent reflections
Absorption correction

MoKo/0.71073 A
10.904 mm™

194

0.3%0.3%0.5 mm’
4.59°< 0 <26.48°
—-6<h<6
—-6<k<5
—9<1<9

/0

1203

254 [R(int) = 0.2190]
none

Refinement

Refinement Method
w

Goodness of fit (S)
Final R indices

[T > 2sigma(I)]

R indices (all data)

Full-matrix
least-squares on I
/[6X B + (0.1P)"]
where P = (B, + 2F.))/3
3512

R1=0.1438,

wR2 = 0.5074
R1=0.1497,

wR2 = 0.5126

Largest diff. peak and hole* 3.485 and —9.127 e.A™

*_ Highest peak teratment.

Since the large positive (3.485 A ™) and negative (~9.127
eA ™) difference Fourier peaks are located at short di-
stance from Mn (0.62 A) and Ca (0.63 A), respectively,
these peaks can be attributed to ghosts of the heavy
atoms.
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Table 2. Atomic coordinates (x10%) and equivalent
isotropic displacement parameters (A2x10°) for Nd,,-
Cay;MnO;. The e.s.d.'s are in parenthese. U(eq) is
defined as one third of the trace of the orthogon-
alized UY tensor

A - o

Table 3. Continued

X y z U(eq)
Nd(1) -70(4) -52(3) 2500 26(3)
Ca(l) =70(4) -52(3) 2500 26(3)
Mn 0 5000 5000 18(4)
o)  290(110)  5040(40) 2500 80(20)
0(2)  7320(30) 2670(30) —390(50) 65(10)
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Table 3. Selected Bond lengths [f&] and angles [°]
for Nd,,Ca,;MnO;

Nd(D)-O(2) 2.45(3) Mn-0O(2) 1.951(16)
Nd(1)-0(1)  2.59(6)  Mn-O(2) 1.951(16)
Nd(D)-0(2) 2.63(3)  Mn-O(1) 1.935(5)
Nd(1)-0(2) 2.64(3)  Mn-O(1) 1.935(5)
Nd(1)-O(1)  2.67(2) Mn-O(2) 1.944(15)
Nd()-O(1) 2.77(2)  Mn-O(2) 1.943(12)
Nd(D-O(1) 2.83(6) O(2)-Ca(l)  2.63(3)
O(1)-Ca(l) 2.59(6) O(2)-Nd(1) 2.82(3)
O(1)-Ca(l) 2672 O(Q2)-Ca(l) 3.03(3)

O(2)-Nd(1)-0(2) 83.3(14)
O(1)-Nd(1)-O(2) 116.1(5)
0(2)-Nd(1)-0(2) 169.6(11)
O(2)-Nd(1)-0(1) 57.4(6)
O(1)-Nd(1)-0(1) 84.9(14)
0O(2)-Nd(1)-0(1) 119.2(10)
O(1)-Nd(1)-0(1) 86.9(13)
O(1)-Nd(1)-0(1) 172(2)
O(2)-Nd(1)-0(1) 125.3(6)
0O(2)-Nd(1)-0(1) 55.7(8)
0O(2)-Nd(1)-0(2) 61.3(3)
O(2)-Nd(1)-0(2) 119.8(3)
O(1)-Mn-O(1) 180.000(5)
0(2)-Mn-O(2) 180.000(1)
O(1)-Mn-0O(2) 101.4(14)
O(1)-Mn-0(2) 77.2(16)
Mn-O(2)-Mn 161(2)
Mn-O(1)-Mn 171(3)
0(2)-Mn-0(2) 91.2(3)
0O(1)-Mn-0(2) 102.8(16)
Nd(1)-O(1)-Nd(1) 84.9(13)
Nd(1)-O(2)-Nd(1) 93.7(5)
Nd(1)-O(1)-Nd(1) 172(2)
Nd(1)-O(2)-Nd(1) 100.0(13)
Nd(1)-O(1)-Nd(1) 93.0(13)
Nd(1)-O(2)-Nd(1) 166.2(12)
Ca(1)-0(1)-Ca(1) 95.3(14)
Ca(1)-0O(1)-Ca(1) 177.9(10)
Ca(1)-0(1)-Ca(1) 86.8(13)
Ca(1)-0(2)-Ca(1) 100.0(13)
Ca(1)-0(2)-Ca(l) 93.7(5)
Ca(1)-0(2)-Ca(1) 166.2(12)
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Fig. 7. An Atoms drawing of the crystal structure
for Nd,,Ca,y;MnQO,.
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