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Abstract: The electrical resistivity, magnetization, and ultrasonic velocity were investigated systemati-

cally in polycrystalline (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 (x=0, 0.25, 0.5, 0.75, 1). A charge ordering

transition was observed in all samples through resistivity and magnetization measurements. With in-

creasing Na content, the charge ordering transition temperature (Tco) shifts to lower temperature, the

magnetization of the system is strengthened and charge ordering becomes more unstable and short-ranged.

It is found that the longitudinal sound velocity shows a dramatic softening and stiffening around Tco. The

ultrasonic anomaly near Tco indicates the existence of strong electron-phonon interaction, which originates

from Jahn-Teller effect of Mn3+. By fitting the experimental longitudinal modulus above Tco with the

cooperative Jahn-Teller theory, one can establish that the Jahn-Teller coupling energy EJT decreases with

increasing Na content. The analysis of experimental results suggests that the charge mismatch should be

the main reason for the suppression of the charge ordering and the weakening of cooperative Jahn-Teller

effect.
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 7 z � � 22 T"�j}Dj}sy=BSldo�.iW�j�`�A��j;j	 [1∼4]. ;| Mn3+ m Mn4+j�[rb"�A�-~"�j2�dA�m`�A�� �QC�jA� [5]. �jA� Gi�Sl�w~��F9|�H�R�M&�.K
Jahn-Teller � - e�j}!;�VC~Gi�j���m`�A��a$K,o��;| x=0.5 p\d��jA� =D;�$��d6V��y℄4Z��j&D#88���!#8��FW�Av%KKmI�j+rd[TKI�_��3v�d��Ye S-L�h�)K^ID�jl0v2 [6]� A Fj�! �51�t�j�MH�$℄j+AnD,d:l�iS [7]. =D Nd0.5Ca0.5MnO3m Nd0.75Na0.25MnO3 XC�jA�)ZF A F7X�CmX��+�vsj1�,+OÆ�\
(Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3(x=0 �0.25�
0.5 � 0.75 � 1) f�H�jl0v2[�jA�)Z|�!;�Oe�	~�HW)9||P�j$Fd	v2�����+Av�60�vt�H(��Oee�m�'[P�dj$m6Vj$"��jA�D<X\dy3K$� [8∼11], ,g�U!:;Oe;�>t�60&��)Z�5:|yZ3�H�
2 Zq75: ; _ 3 � W j 3 2 0 w � ) ?
(Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3(x=0 �0.25�
0.5 � 0.75 � 1) !e�5��e�	�t!
OQt;Va Nd2O3 � CaCO3 � Na2CO3 m MnO2, +�Æ	pXSx[
".|Y;*��[ 1000 m
1100◦C_;*I` 15h, *�x
wS φ13mm�L2�;*[ 1200◦C (x=0 � 0.25), 1250◦C(x=0.5 �
0.75), 1300 ◦C(x=1) _`6 15h Sy�����5; X ag<��a (XRD) O�6

V��� X ag t; Cu � Kα(0.15418nm) �a��I_<��5 X ag;V(���5QArg�xj� (l0j�b"P Pnma). Oe>tt;��5u�PC 5mm, __(�Ad�[s�x�r�rg�\4��F7|�[ 5×10−5rad "!�Oe>t:;�Z�1�p0[ Matec 7700Oee�m�'>� _:|�t; 10MHz �1m/�$=�:;O}t�Ib (SQUID,MPM-5)>t�5�p�d�C����>tt;%
��.g0��A>tX[?
��wh�_=S�U!I�C 15∼300K.

3 G>B^Q( 1~\y (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3

(x=0 � 0.25 � 0.5 � 0.75 � 1) �?M;��?�)�� A F7X�C < rA > m38Xpl0�6C,� σ2(σ2=
∑

yir
2
i − < rA >2, yi ~P A Fj�b��;!� ri C&2�P A Fj��C). a".d����FW`��?M;�m?�)��o`v�h~=D�j��CvDHj��C�s

(r(Na+)=1.24Å, r(Ca2+)=1.18Å[12]). g<� A Fj�7X�C < rA > �z5$�6C,� σ2 �rr�,+5�&)Z�jA� Arv�3k�7 1 C (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3(x=

0 �0.5�1)�j&��� -I�Lg�=7a"℄\�A�5[kOIIApUO }�|C�℄ x=0<����Lgx�[�jA�j$D<X\d�b$��&���!?;Lg dlnρ/dT−1
∼ T ((7

1 !A7), .d℄ x=0 <�\dy�O?�?�Ftvs&2D�jA��$I� T
[8]
co , z�jA�j$.ip�[j$I� Tco D<�Kf[KI_�>� eg ���.[wMH��-[ MnO2 7�!A��-~�h�$�38[}��_~���* 1 (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 1VJ;,℄�J'_D� A bTM&K < rA > A6-s{ σ

2

Table 1 < rA >, σ
2, lattice volume V and lattice parameters for (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3

Lattice parameter/Å
Composition < rA >/Å σ

2/Å2
V /Å3

a b c

x=0 1.182 0.00111 228.911 5.4166 5.4140 7.6643

x=0.25 1.80 0.00087 228.669 5.4105 5.5128 7.6665

x=0.5 1.177 0.00062 227.936 5.4042 5.5034 7.6642

x=0.75 1.174 0.00035 226.934 5.3962 5.4590 7.6532

x=1 1.172 0.00007 221.916 5.3563 5.4566 7.5928
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1 9 , u��� (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 {�i��L�~YY�Nd�F 95Y Tco C;�ÆG����℄.������^t��Æ��DX�����*""�3�`�D>9>"�6�Dm
G���&�'X��h?���#u�h0��h?�
"G�m
G���$B x=0 >9Je�'I�9TTA|<B�h?����DX�#u*"�!T~�**P/Y����>9z\~'I>�

6 1 (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 ���H�Kf
Fig. 1 Temperature dependences of the resistivity for

(Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3

6 2 (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 �
�B�
M �H��#�Kf
Fig. 2 Temperature dependences of the magnetization

of (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3�Æ��T}x�G"��3�b}x�h0,fwG"�5 2| (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3

(x=0 � 0.25 � 0.5 � 0.75 � 1) �b~A� M �G�"~Je�̀ !\[�?JeY Tco C;�?�4<>��Æ��DX� Tco ^�b~A�>A%\D>Em
G���&�w�h?���#

u�E��<r5bh�q�/nY M -T Je^N
�`\[��Æ��DX��3
G�b~A��`^t��9TTAf|<B'Xz���DX{q+bR9^��q�

6 3 (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 �Nd��H�#�Kf
Fig. 3 Temperature dependences of the ultrasonic ve-

locity for (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO35 3 A�?�3�M
�/ (10MHz) �h$
��G��"~Je�,
�?�3�M

�h�GYu�ÆG��.
�)%p+Y�h?�h"G�C;q~�p��v
��R4~��?�3
��h$"~ ∆V/V V >10%, *-I<B1+bh"�-<�
�"~ <0.1%[13,14], *f��Æ�h?�h",f�M
'I3�|dMB��
�t0�*|dMBA��� - 
�h{�9�f}� - 
�h{�9<MB Mn3+ i�� Jahn-Teller t0 [7]. Mn3+ i��D�_?? 4N���:z 3 N^BK�� t2g LG�� 1 N^B eg ��P?7K� (t2g)
3(dx2

−y2)1 � (t2g)
3(dz2)1kq�$+��<B Jahn-Teller t0� 2 N eg $+_�,f1�� eg ��^B2
�"��"��1�s�����',fwLG��5=L�"�{qM

��'I��Æ��DX�
�Z~��
Æ�)m
G���16[�h?��#u�Aw�rÆE Jahn-Tellert0E�h?�K�}�XX�5 4 zN
Q[w x=0.5 � 1 �3��/�r C

[15]
l ,

Cl = DV 2
l (1):z D |�3����Vl |�/
��RN Jahn-

Teller k��� - 
�$n�s�rYh"m?,fZ~�y T > Tco n��r`9℄x9{%n [16]:

Cl(T ) = C0

(T − T 0
c

T − Θ

)

(2)
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 7 z � � 22 T:z T 0
c k Θ 9)A"iG�`!-
q�
N%n�* Jahn-Teller $n" EJT = T 0

c −Θ[17,18]. ℄16w'Xz Jahn-Tellert0�tp�5 4zq�
NEk�Je�qf%n&� Jahn-Teller t0|{q�h?����M�o�5 4 z��5Q[w�?�3 EJT E x �XX�!\[���DX Jahn-Teller $n" EJT �)%p�&���DXNq%\w Jahn-Teller t0*s�h?��~#u�

6 4 (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 �Nd�0�s Cl �H�#�Kf
Fig. 4 The longitudinal modulus Cl(T ) as a function of

temperature for (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3

Open symbols are experimental data; solid lines are calculated

results by using Eq.(2). The inset shows the relationship be-

tween EJT and xN
�ÆE� (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)x-

MnO3 'Xz Jahn-Teller
}i� Mn3+ a� �3"�f; A E6V�B < rA > �y3"�5B*� σ2 qp�**='HkWoP�3�|{q�h?��#uk Jahn-Teller $n" EJT "p���*��*���DX� A Ei��hj.t0"t�{qY1+b�h?��'^t��{g�
��s�Y?wHG�h%BQ>�*?wHG�h℄�LG~ [7]. fJ�8��h?���K�}�h*{q'X�h?���!T~�+Y�'^zR+b}�9ks�'Xb}�~^A�2004' Liu X-J-
 ESRkb~��#,
Y
Nd0.75Na0.25MnO3 z 130K !℄mY+bR9 [19],fEN
�9T5bhJn�f;�<B�i�� �
�**Y�i�����?S'� Mn4+ !�V �6s�fJ�8� Mn3+/Mn4+ �?�,}�s�{q�h?�� Jahn-Tellert0"\�t[

&
A�h?��?t#u�*fN
TA�hj.t0|{q (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3z�h?��#uk Jahn-Teller $n" EJT "p���*��
4 GQ

1. (Nd0.75Na0.25)1−x(Nd0.5Ca0.5)xMnO3 A�h?�'X�M

�Y�h?�h"G�C;[
�`�'I�5b&��3zmYÆA��<MB Jahn-Teller t0�� - 
�h{�9�
2. �Æ�er�^��(Nd0.75Na0.25)1−x(Nd0.5-

Ca0.5)xMnO3 �h?�
"m
G����h?��"�3K�kLG~�/n'X�b}�~^A��9TTA�hj.t0|{q�h?��#uk Jahn-Teller $n" EJT "p���*��+N
h
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