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� �

��� �� �� ��� La0.5Ca0.5MnO3� ��� pellet� �-� ��� �����. ��� ��� ���� ��
��� �� FT-IR� CP/MAS 13C solid state NMR spectroscopy ��� XRD �� ��� ����� �����.
��� �� �	� ���� 
� ICP-AES� ������, ����� ���� FE-SEM/EDS�, ����� ��
��� TEM�� �����. VSM� ���� ��� ��� ������ ����(Tc)� 236 K�� ���	�.

Abstract − La0.5Ca0.5MnO3 colossal magnetoresistance (CMR) powders and pellets were synthesized by sol-gel pro-
cess. The structural changes were investigated by FT-IR, CP/MAS 13C solid state NMR spectroscopy and XRD. The
particle characterization, microstructure of sintered samples, and cation composition of gel powders were studied by FE-
SEM/EDS, TEM and ICP-AES. The structure refinement reveals that La0.5Ca0.5MnO3 has orthorhombic, perovskite type
unit cell. The magnetic characterizations were identified through measurement of magnetic moment by VSM.
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1. � �

�� ���� ��� ��� ��� �� MR� ���� ��

� ����(colossal magnetoresistance, CMR) ��� ��� ��

�(��� ���) ����� ��� ����� ��� �� �

�� �	�� ���� �
�� �	�[1]. ��� ��� ���

����� ��� �� 
��� � �
�	 ���� ����

��� �� ���� �� 	�� �� �� � �� �����

�� ��� ����.

�����	� �� ���� ����� �� ��� 	���

��� �� ��� ��� ��� �	��� �� ��� ��

�� �� �� ��� ��� ���. �����	� �����

� �� ���� citric acid� ��	�� ��	��� ����

citrate �	�, �� ��� �� ��� ��� ���� �
��

� ���
�, �� ���	� ����� ���� ���� �

� ���� ��� 	��� 
-� �	 �	 ��[2]. 
-� ��

�
� ���� ����� ��� ���	 ��� �	�� �

��, ��	� � ��� ��� ��� �� ���, ��� 
�

	 ����� �	 	��� ��. Hervieu �[3]� Pr� Sr� �

� ���� �� ���� 	��� ������
� 	�� �

����	� ���� ��� 	��.


-� �� ����� ��, ��� �� � �, ���� �


� ��, � ��, ��, �	��, pH � �� �� �� ��� �

�	 ��� ���� ��. ���� ��� ����� ��� �

�� ����� ��� pH� ������ ��	� ��� ��

�� ��	 ��. 	� ��� �� �� 	���� ���� �

�� ���� ��� ��� �� ��� 	� �� ��� ��

�� �
�� ��[4]. Shimizu� Li �[5, 6]� ���� 	���

��	�� �	� �� �� � ��� �� ��� ��� 	�

� 
 ���, 	� ��� ���� ��� �	� ��� ���

����� ��� 	�� ��� ���	�. ���� ��	�

� �� ���	 
�� ��	��� �
 ���� �	�� �

�� ��	 ��. ��� ���� poly(ethylene glycol)� �� �

�� �� �	��� �� ���� ��	��� � ���� �

�	 ��� �	�� �� � ���, ��� ��� � ��� �

�	 �� 	�� ��� ����� �	�� ��� ��� ��
†To whom correspondence should be addressed.
E-mail: mwjung@sungshin.ac.kr



72 �����������

���� �43� �1� 2005� 2�

� 	��� ��, ���� �����	� �� �� ��[7].

���� �� 
-� �� 	��� ������ �	�
 ���

���� ��� ��� �		 ����. �� ���	�� ��

� ��� �	�	 �	 ���� �	�� ����� �	��

�	� ���� �	� ����� ����� ��	 �	���

�� ��� �� ��� 
�	 �����. ��, �	��� �

	 ���	 ����� ��� ���� �� �	� �����

	� �	 ���� ��� �� ���� �� �� ���� �

� � ��. ��� ����� ��� �� �� CMR �����

� ��� ��� ��� ��� �� ��� ��	�� ����

� �� ��� ��� �� ��� ����.

� ����� ������	 �	� �� ��� ���� �

�� ���� PEG� �	�� La0.5Ca0.5MnO3 ��� ��� 	�

�	�. FT-IR(fourier transform infrared spectroscopy), CP/MAS 13C

solid state NMR(nuclear magnetic resonance spectroscopy),  XRD(X-

ray diffractometer) ��� �
�	� ����� ���� ���

� ��� ��� ������ �	��� 
��	�. ��� �

	� �� ��� ICP-AES(inductively coupled plasma atomic

emission spectrophotometer)� 
��	�, SEM(scanning electron

microscope)� EDS(energy dispersive(X-ray) spectrometry) � TEM

(transmission electron microscope)�� �	� ����, ��� �

� �� �� 
��	�. ��, ���� 
� pellet� ���

VSM(vibrating sample magnetometer)��� 	��� �����

���	�.

2. � �

La0.5Ca0.5MnO3 ��� 	��� ��� lanthanum(III) 2,4-pen-

tanedionate 5 mmol� calcium(II) 2,4-pentanedionate 5 mmol� propionic

acid� methanol� �	��(4:1) 250 ml� �	�, manganese(III)

2,4-pentanedionate 10 mmol� �
 ���� �����. 24��

�� ���� �
�� � 15 wt%� poly(ethylene glycol) ��

1.44 ml� �����. 4�� �� 80 oC�� 	��� �, 48��

�� ���� ��� �� �� 	� ��
 ��� ���. 	�

�� �
� �
 	�� FT-IR spectroscopy� 
��	�. �	�


 ���� ��� ���� � �� �� ��, 150 oC ����

�� 48�� �� ���� � ��� ���. Agate mortar� �

��� ��� ��� �� �� 5 oC/min� �� 250, 300, 400, 500,

700, 900 oC ��� 1,100 oC�� 1�� �� ����	�. Pellet�

���� 800 oC�� ��� 1�� �� ���	� �
�	�.

Agate mortar�� �� ���� �� press� 	��� ��
�

�
���� �
� �, 1,100 oC�� 1�� �� ������ 	

� ��� Fig. 1� ���� �����[8].

��� ��� �� �	�� ���� ��� �
� �� 	�

� �� ���� �� ��� �����(fourier transform infrared

spectroscopy, Nicolet Impact 410)� 4,000-400 cm−1 ���� KBr

� ��� �� 100� 1� �	�� ��� 
�� ��
 �	�

	�. ��, ������ 300 MHz CP/MAS 13C solid state ����

���(nuclear magnetic resonance spectroscopy, JNM-ECP300,

JEOL)� 	�� ��� ���	�. �	�� 
��� ��� X-�

�� ���(X-ray diffractometer, Philips X’PERT-MPD)� CuKα,

40 kV, 30 mA, ���� 2θ=20-80o, scan step� 0.04o ��� scan

time� 0.08 sec� ���� �
�	�. ��� ��� �	� �

� ��� ���	 ���
 �����(inductively coupled

plasma atomic emission spectrophotometer, 138 Ultrace)� ���

� �	�	�. ����, �� ��� ��
� �� ���� �

�� ������
(field-emission scanning electron microscopy,

JSM-6700F, JEOL, JAPAN)� EDS(energy dispersive X-ray spectrometer,

EDAX)� ���� ���� 15 kV�� 15,000 ��� �	�	�,

�	� ��� 	� milling� �� � ������
(Transmission

electron microscopy, CM12, Philips)� 	�� 120 kV �����

� �
�	�. ���� ����� ���� �� ����� 77 K

�� ���� � VSM(vibrating sample magnetometer, VSM 7300,

Lake Shore)� 	��	�, �� ��� ���� Tc 	� �� �

	�� �	�	�.

3. �� � ��

Fig. 2(a)� 150 oC�� ���� � ��� 300 oC� 500 oC��

���� ��� �� FT-IR spectra	�. � ��	� 300 oC��

���� ���� 
��� 3,400 cm−1 ��� �� �� -OH �

���� ���� ��� -OH�� �
�� ����. � ����

� 
��� 1,552 cm −1� 1,467 cm−1 
��� COO− �� -C=CHOH

� ���� �� ����� ����. 1,380-1,420 cm−1�� �	�

2�� 
� 
��� CH3 �� ��� ��� �
�� �� 
�

�	�. 1,020 cm−1� 1,076 cm−1� O-C-O ���� �� CH3 �

� ��(rocking vibration)� �� �	�, C-C ����� 930 cm−1�

� ����. 300 oC�� ���� ��� 

, 3,000 cm−1 ���

-CH ���� 
�� �
�� ���, 1,700 cm−1 ��� -C=O

���� 
��� ��� ����. ��� ��� ��� �� -OH

�� ��� �� ���� 
��� ���� ���� 500 oC�

�� �	� ���. 300 oC� 500 oC�� ���� ����� �

Fig. 1. Flow chart of experimental procedures. 
*acac=2.4-Pentadionate, PEG=Poly(ethylene glycol).
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��� �
� � � �� oxycarbonate 
�� 800 cm−1�� 
�

��. ��, 842 cm−1� �� �� �� ��� ��� ���
 ��

CO3
2−� O-C(O-R)2� �� ��� �� �	�[9]. 250 oC� 400 oC

�� ���� ��� CP/MAS 13C solid state NMR spectroscopy

� 
�� Fig. 2(b)� ��� �� �� ��	
� ����� �

� �� ����. 250 oC�� ���� ��� �
� 200 ppm ��

� 
�� -COO− �� C=O �� �
� ��� 160 ppm� 130 ppm

� 
��� -C=C-� ��	�, 	�� ���� oxycarbonate �

�� ����� 	� FT-IR� XRD ����� 
���. 400 oC

�� ���� ��� 

 �	�� �
��� 
��� ���

������ -C=C-� -COO− � -CH ��� ��� �
��.

CuKα� 
� ���� ��� pellet� �� �	��� X-� �

��� ���� ���	� 	� Fig. 3� �����. �����

	� �	 700 oC�� 
��� ���	�� � � ��, 1,100 oC

��� �	�	 
�� 
��
 ao=5.4739 Å, bo=5.4128 Å,

co=7.7768 Å� ����� �� ��		 ���� 
�� � ��.

	� Chen� Cheong[10]� Radaelli �[11]� �� ���� ��

��. La0.8Ca0.2MnO3��� 
���� 700 oC�� �����	

� �	 ���� oxycarbonate� �� 
���, ��� ��� �

��� �� ���� �� �� 
�� ���� �����	�

�� �� 
�� ���� ����[8].

���� ���� ��� ���	 ���
 ������ 	�

� 3�� pellet� ���	��, ��� ��	�� �	� ���

� �����. ���� ���� La 37.44%, Ca 15.08% ���

Mn 47.48%�� La0.576Ca0.424MnO3�� � � ��� ��� ��

� ��� ���	�[1, 12]. ��� ��� pellet� ����� �

��� �� 15,000 ���� FE-SEM/EDS� �	�� Fig. 4�

�����. ��� �	��� 
�� � ��� ��� ����

��� 380 nm	��, ��� pellet� 

� 400 nm	��. ��

� pellet� ����� � �	� ���� pellet� 

� ���

� ���� ���� ���� � 
��	�. Fig. 5(a)� ���

� TEM�� 
�� La0.5Ca0.5MnO3� �� bright field ��� �

�� ��� �� ��� ��� 
�� ���, Fig. 5(b)��� �

�		 ��� 
�� � �� �����	� 
���� 
���.

�� �� ��� 77 K�� ���� ���� �� ��� �

Fig. 2. (a) FT-IR and (b) CP/MAS 13C solid state NMR spectra of
La0.5Ca0.5MnO3 gel powders obtained from different heat
treatments.

Fig. 3. X-ray diffraction patterns of La0.5Ca0.5MnO3 powder and sin-
tered pellet after different heat treatments.

Fig. 4. FE-SEM micrograghs of La0.5Ca0.5MnO3 (a) powder and (b)
sintered pellet at 1,100 oC/1 h (c) corresponding typical EDS
spectrum confirming the composition.



74 �����������

���� �43� �1� 2005� 2�

��� �, ��� ���� ���� ���� Tc	�� �� �

	�� �� ���� �	�	�. Fig. 6(a)��� 		�����

	 �
� �� ��(Ms)	� 77 K�� 35.97 emu/g� �	���.

Fig. 6(b)� �� ��� �� ����	 
��� ����� 


��� ���� ��		 �� ���� ���� ���, ���

�� �	� �
�� �� Tc=236 K� Tc(curie temperature)� �

	�	�. �	� �� 	���	 �� ��� �	�� ��� �

� 		 ���� ��� �	�� ��� ��� �� �� 	�

��� �� �� ��� �	�� �� �	 ��. ��, 
 86 K 	

�� ��� ���� �� �� 		 ���� ��� �� 	 ��

�� ����� charge ordering(CO) ��	 �
� ��� ���

�[12]. Chen� Cheong[10]� ���
�� �
� La0.5Ca0.5MnO3

��� �� �� �� ���� ����� ���� charge-disordering

��� ����� charge/orbital ordering� ��� 
��	��

��� �� ��
� � 	� ���� ����� charge ordering

��	 �
��� ���	�[13]. �����	� �� ����

� ���� �	� �� ��� �� ��� �� ���� 
�

� ���� ��� �� ��	� �
�� �
 ����� ��

�	 ��� �
�� �� �� ��� ��� �� ��.

4. � �

PEG� ��� 
-� ��� 	�� �����	� La0.5Ca0.5MnO3

��� pellet� ���� ��� ��� �	�. ��� ��� �

����� �� �		� 	�� ��� �� oxycarbonate ��

�� �� �		 
��� � � ���. 700 oC 	��� ��

carbonate� 
�� ���
 ao=5.4739 Å, bo=5.4128 Å, co=7.7768 Å�

����� �� ��		 ���, ��� ���� La0.576Ca0.424MnO3

	��. FE-SEM/EDS� TEM���	 �� ��� ���� ��

� �	� 
�� � ����, �	 ��� ��� 

 380 nm,

pellet� 

 400 nm	��. �� ��(Ms)	� 77 K�� 35.97

emu/g	���, Tc 	� 236 K�� �
��.

� �

	 ��� 2003
� 	�� �� ������� ��� ���

������ 	� ���
��.
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