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3§Ý 1273 K!Ør 9 GPa ^�eé���( Nd0.7Sr0.3MnO3 >b�¬?19Ø?n. (Juy, ?n��
¬�¬N(�Ú�m+vkUC, �¬�ëêÚ(�ëê, AO´�¬�w�(�u)
é�Cz. ù
Czé�
¬�^>Ñ$�)wÍK�: 3^5þ, 9Ø�¬�$§�Ú^Ý~�¿Ñy^Ýü��ÑA:; 3>Ñ$�¡, �
K1>6�u 1.5 mA �, ��(�¬��, 9Ø�¬Ø�)>�>{ (ER) �A, ¿37á - ý�N=C:Ñy��
^>{ (MR). �3$§e, 9Ø�¬Ek�� MR �. �K1>6�L 1.5 mA �, 9Ø�¬� R-T ­�¥�>{¸
OC��>{²�, ��K1>6O�, ²�Åì°z, {�~�, Ñy ER 1�. k��´, 3	^|�^e, >{²
��	|O�ÅìCÄ!��¿qüC��>{¸. ù
ÛA�Ñ$1�Ø�9Ø?n���¬¬âý�zk'
	, �U��9Ø��âm��/¤k'.

'�c: 9Ø?n, âm�, ��zÔ, >�>{

PACS: 62.50.−p, 81.40.Vw, 75.47.Gk, 72.20.−i

1 Ú ó

Wv¶(���zÔ A1−xBxMnO3 (A, Dè
7á; B, wè7á, x, �,ßÝ) ��þ´�r'
é>fNX. TNX�3õ«�p�^, �)V�
� (DE)!Jahn-Teller (JT) 9g^�m��c^ÍÜ
��� (SE) �, ù
�p�^�m�¿���Ù
>f�4´É	|íÄ
�)õ«ÛÉ>f�Ú
ÛA^>Ñ$ [1−6]. ~X, ÏL�»lf�,, �±
²wUC16fa.ÚßÝ±9 A/B  lf²þ
�», l
UC¬�SAå
K� MnO6 l¡N(
�, ¦¬� ln��á�é¡, pu JT �A [7],

l
�)ÛÉÑ$1�. d	, 9Ø�{��±Ï
L	Aå5N� Mn—O—Mn ��Ú Mn—O ��,

k�Ø  MnO6 l¡N, l
UC Mn3+ 3d ü>
fU�°Ý, K� eg >f�a�ÄU, ?
K�á

��Ñ$5� [8]. ü«�{�', �,´�«~^
�{, �du�,L§N´Ú\Ù¦zÆ,�, ¤
±, �é
ó, 9Ø�{´�«� “ZÀ” �{
�
ÉïÄö�à [9−17]. ��Ü¤#á�Ú&¢á�
5U��«k�Ãã, 9Ø?nU
3�«4àÔ
n^�e, UCÔ��fmåÚ�f��G�, A
O/, §��±k�/UC�Ná�¥åÌ��
^�.¡"�G�, �)�
��ØÓuá�S
�á5����1�. 3��zÔ9Ø?n���
¥, õê¢�L², 3$Øå�� (< 2 GPa), 	Ø
Ø ¬�, ¦�ªuá�(�, ¿O� Mn—O—Mn

��, Jp>fa�ÄU, Or DE �^, l
J
p eg >f>�, �¦ TMI ,p [18,19]. �3�pØ
�� (> 2 GPa), ��zÔ�Ñ$A5�$Ø^�
ké�ØÓ. 3�p	Ø�^e, ¬N¥>Ö - ¬�
m��^\r, ¿Úå MnO6 l¡Nr�Û­Ú�
�½C/, �¦�§·�/Ä� JT �AOr, DE �
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^~f, l
³� eg >f��>Uå, ü$ T
[20]
MI .

Ød�	, 9Ø�{�U���¬w�(�u)²
wUC, á�"�ßÝJp, .¡�AOr, �¦>
Ñ$1�C���E,. �
¢� [21−23] L², d
u.¡�¬N¬â�zÆ¤©Ú>f(��3�
É, üöäkØÓ¤�¡
/¤�m>Ö�, ¿�
du.¡?�"�¿�16f “�²”, l
Ì�á
��^>Ñ$1�, ¿¦�E,z.

3��zÔ�9ØïÄ¥, 'u9Ø���¬
w�(�Cz
K�Ñ$A5���é�. �ó�
¥, ·�é���(� Nd0.7Sr0.3MnO3 >b�¬?
19Ø?n, ¿&?
Ù^>Ñ$1�. (Juy,

9Ø?nc��¬�¬N(�Ú�m+vkUC,

�Ù¬�ëêÚ(�ëê, AO´w�(�%ké
�Cz. d9Ø��âm��/¤Ú MnO6 l¡N
î­ÆC�¦�¬Ñyý�z1�´9Ø�¬Ñ
yÛÉ>^Ñ$�Ì��Ï.

2 ¢��{

Nd0.7Sr0.3MnO3 >b�¬k²���(Ü¤,

Ù���(ó²�cÏó� [24−26], �² 1273 K

p§Ú 9 GPa �pØ?n, ¿3d^�e�§�
Ø 100 s, ,�3 10 min SòÙl 1273 K �úü
���§Ý 77 K, ¿Åì�Ø��. ¢�¤¦^
�9Ø¤ìd�Ûd�Æ�7áÔnïÄ¤Jø,

¤ìU���§Ý�� 77—1450 K, Ør�� 0—

10 GPa. ¦^��Øh´F�)����Vdw
h (Daphne oil 7373), DÑ��æ^7�, ^ Pt–

PtRh 9>ói�¢�§Ý. ^ X ��û�¤ (XRD,

STADI-P STOE ., Cr-K (α1) Ë�) uÿ9Øc!
��¬¬N(�Ú�XÝ. ^×£>fw�º SEM

*	9Øc!��¬w�(�Ú�âº�Cz. ^
�Ä�¬^rO (VSM) ÿþ�¬^5�. ^¿��
A©Û¤ HL5500PC Hall (=I Accent Optical) ÿ
þ9Øc!��¬�16fßÝ. ^Õ��>4,

Ô����, æ^oÚ�{ÿþ�¬9Øc!��
Ñ$A5, §Ýÿþ�� 15—300 K.

3 (JÚ?Ø

ã 1 ´���(�²9Ø?n� Nd0.7Sr0.3

MnO3 �¬ ({¡ HPT) XRD ãÌ, ��'�, ·�

��Ñ9Øc���( Nd0.7Sr0.3MnO3 �¬ ({
¡ SSR) XRD ãÌ. lã 1 �±wÑ, HPT �¬�
9Øc� SSR �¬äk�Ó���Wv¶(�
Ú Pnma �m+, 3¢�°ÝS�vkuyÙ¦,
�. `²9Ø?nvk���¬(�Ú�m+u)
Cz, �vkÚ\Úp)1��. �9Ø?n��
²w�UC�¬�¬�ëêÚ(�ëê, XL 1 ¤
«, 3¬�ëê�¡, �±wÑ, HTP �¬÷ a ��
A�vkCz, �÷ b Ú c ��Cz��; 3(�ë
êþ, � SSR �¬�', HPT �¬ Mn—O(1) ��
Ú Mn—O(2)—Mn ��O�, 
 Mn—O(1)—Mn �
�Ú Mn—O(2) ��~�, ù
CzL² HPT �¬
ÛÜu)r�Û­ÚÆC. ��JÑ�´, HPT �
¬(�ëêþ�Cz�©z [11] ���(J��
��, ù�U�ü«Ô��¬N(�Ú9Ø?n^
��Ék'.

� � � � � � � � � � � ��� � � �� � � �� � � � �� ��	 
��
� � � � � � � �� � � � � � � � � � � � � �
ã 1 SSR(ùÚ) Ú HPT(çÚ) �¬ XRD

9Ø?nØé�¬�(�ëêE¤K�	, �
é�¬w�(�ké�K�. Xã 2 SEM (J¤
«, éu���(� SSR �¬, ÃØ´�¬L¡�
´SÜ, �âÚ�â�mÑ�3éõ�YÚ�Ç,

�þ!©Ù, ù´�¬3�(L§¥du¬â)
�Ú£ÄØþ!¤/¤. ��¬�L¡/m�',

SSR �¬SÜ�â��âm�ü���;�, �´
�3��õ��Yþ!©ÙÙ¥ (ã 2(b)). ,	,

é SSR �¬, �âÚ�âm�.¡�ß, �â/G
���5Kþ�, �âº�� 2—3 µm, Xã 2(a)

Ú (b) ¤«. ,
, éu9Ø?n�� HPT �¬, Ã
Ø´ÙL¡�´�¬SÜþu)
é�Cz, X
ã 2(c) Ú (d) ¤«. 39Ø^�e, �¬L¡Ly
Ñà]Ø², L¡�â�u)C/, ��â�Ø�
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��, ��âK���¤Nõ��â, �â�º�
©ÙC°, l 0.15—3 µm Ø�. �5 SSR ¥��Y
�����âWÖ, �¦ HTP �¬C�����.

3 HPT �¬�SÜ, �Ø����âÏL�k�
�Y'ß�¬NSÜ, /¤âm�. Ïd, Øw��

���â	, éõ���â�@Ø3��â�m,

`²9Ø?nØ=¦�¬L¡/mu)
UC, 

����
�¬SÜâm�/¤. d9Ø?nÚå

�¬Ônëê�UC�L 2. �±w�, 9Ø?n
¦�¬���Ý²wJp, 9Øc� SSR �¬Ù�
Ý� 5.07 g/cm3, 
9Ø�, Ù�Ý�� 6.11 g/cm3,

�\�CnØ� 6.61 g/cm3, 9Ø�¬�Ýþ�C
z� SEM �N�(J���.,	, 9Øc��¬
�16fßÝCzØ�, êþ?�Ó, `²9Ø?
né¬N(��Ó�Ó«zÜÔ16fßÝK�
Ø�.� � � � � �

� � � � � �
ã 2 ���(� SSR �¬ ((a) L¡; (b) î�¡) Ú9Ø?n� HPT �¬ ((c) L¡; (d) î�¡) � SEM ã

L 1 ���(�¬ SSR Ú9Ø?n�¬ HPT �¬�ëêÚ(�ëê

�¬ ¬�ëê/Å MnO6 �ëê/Å(◦)

a b c V Mn—O(1) Mn—O(2) Mn—O(2) Mn—O(1)—Mn Mn—O(2)—Mn

SSR 5.4661 7.7116 5.4680 230.66 1.97(1) 1.90(7) 2.02(8) 156.5(33) 161.0(20)

HPT 5.4668 7.7102 5.4709 230.69 2.01(1) 1.89(7) 2.01(7) 147.4(23) 165.8(16)
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9Ø?né�¬�^5�ké�K�. ã 3

´ SSR �¬Ú9Ø?n� HPT �¬^§­� (M -

T ), ÏL'�, éN´w�ü:�O: �´éu�
(� SSR �¬, Ù$§�Ú^zrÝ�§Ý,p
Ñy:ìeü�A:, �¬�Øp§Ý (TC) �é
N´l­����Ç�[Ü��, Ù�� 223 K,

�·��c�ó����. 
éu HPT �¬, Ù
� Ú ^ z r Ý � § Ý , p Ñ y �úe ü � A
:, ¿�ÙeüL§²wÑy°z (Xã 3), `
²9Ø�¬�^Ýü�Ñy�ÑA�. éu�
� � ( � z Æ O þ Nd0.7Sr0.3MnO3 > b, Ù .
¡ � A � f, � ^ 5 þ �, 3 	 ^ | � ^ e, z
Ü © ^ Æ Ñ � 	 | � � C z, ¤ ± 3 TC N C
Ñ y ² w � ^ 5 C z. 
 é u HPT � ¬ K k

é � Ø Ó. d u 9 Ø ? n � � � ¬ ¬ â ' ~ ~
�, .¡Oõ, .¡�AOr, .¡¥�fÓ 
Ú^ÝÃSÝO�, Ïd, 9Ø�¬Ñy^�Ñ
y� [27,28].

1�:�O´�éu Nd0.7Sr0.3MnO3 ü¬

ó [29], �¬ SSR Ú HPT �$§�Ú^ÝÑ�

éõ, 3 1000 Oe �ÿþ^|e, cö��Ú^Ý
� 42 emu/g, 
�ö��Ú^Ý��, 3�Ó�ÿ
þ^|eÙ�Ø�L 30 emu/g. 3±c�9ØïÄ
¥, Ï	Ø���¬Ñy^�C���éõ, �Ï
	Ø�Ï���¬Ñy^(��Ñy��é�, ^
�Ñy��U�·�A½�9Ø?n��âm�
�/¤±9âm��Uäk�g^Àæ�Ú�c
^�^A5k'.

� � � � � � � � ���� �� �� ���	 
��� 
� � � �� � � � � � � � � � � �� � � � � � � � �  ! � �  " # $ � � � � � � � � ��� �� ���	 
��� 
� � � �� � � � � � � � � � � �� � � � � � � � �  ! �  " % $
ã 3 HPT �¬ (a) Ú SSR �¬ (b) � M -T ­�, ÿþ^| 1000 Oe

L 2 SSR Ú HPT �¬�Ônëê

Nd0.7Sr0.3MnO3 �Ý/(g/cm3) 16fßÝ/cm−3 �âº�/µm

SSR 5.02 6.6 × 1020 2—3

HPT 6.11 3.7 × 1020 0.15—3

du>{Ç´á�w�(�¯aÔnþ, ¤
±9Ø?nØé�¬^5kK�	, é�¬>Ñ
$1��k²wK�. ã 4 ´3ØÓ>|e, SSR

�¬Ú HPT �¬>{Ç�§ÝCz�­�. éu
cö, >{Çé�, 3 TMI = 223 K NC���
� 0.06Ω/cm, 
�, �K1>6�O\, >{¸Ñ
k$£, 
¸�>{A�ØC, =vk ER �Au
) [30−32]. �'u SSR �¬, HPT �¬>{Ç� 4

�êþ?, 3 TMI NCÙ��L
 700 Ω/cm. 9
Ø?n��¬�>{ÇwÍO���ÏØ�9Ø

���¬ MnO6 l¡Nu)ÆC
Ñy�¬ý�
z1�k'	, ���¬w�(��CzX�âC
�, .¡�AOr��þ!Ï���)k'. 3�
Ná�¥, á��>{Ç
u16f3>|�^e
�½�£Ä, Ù�Ø�¬�9�Ä ((f) Ú,�l
f�Ñ�k'	, ���Ná��þ!5Xw�(
�, >Ö©Ù�Ï�k', ù3±c���¥®�
ã [21,23,24,33]. ,	, HPT �¬� TMI �� 120 K,

²w$u SSR �¬� 223 K, 
�, 3 TMI ?, HPT

�¬�>{¸�Ø� SSR �¬@oÍ�, 
´Ly

186202-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 18 (2012) 186202

Ñ��°z�A:. ���Ñ�´, HPT �¬éK
1>|���kØÓ�A: �K1$u 1.5 mA �
ØÓ�>|�, � SSR �¬��, �K1>6�O
�, ¸ Ñy$£
¸�A�ØC, Øu) ER 1
�, Xã 4(b) ¤«. �3$§ 25 K ±e, �¬>{
Ç�§Ýeü
Ñy�~�þ,. �)ù«1�
��ÏK�U�9Ø���âm�3$§e�ý
�A5k'. éd��âÚ��â (âm�) |¤
�ü� HPT �¬, 3§Ý$u TC �, ¬â�c^
7á�'ß3�c^ý��¥¿åÌ��^, 
é
dc^7á�Ú�c^ý��/g^Àæ�|¤�
âm�
ó, 3Øp:±e, du^ÃS!(�Ã
S��ÏE?u�c^ý��, ¿/¤ý�³^,

Ïd, >f�Ñ$A5�NLy�ý�N1�. ù
� Cui �¤JÑ�pØ�^�¦á�Ñyý�z
1�¿��>{¸°z�*:��� [34]. ,
,

�K1>|�u 1.5 mA �, �5>{¸��, �

���´��>{²�. T>{²�Ø�§Ý
Cz, ��K1>|�?�ÚO�, >{²�Åì

C°, {�~�, Ñy ER �A, Xã 4(c) ¤«. Ø
JO�, �K1>6l 1.8 mA O\� 5 mA �, �
� ER �� 200% (ER = (ρp − ρ$)/ρ$ × 100%,

ρp, ρ$ ©O´$!p>|e�>{Ç). ER �A
´�á��>{Ç�K1>|�O�
~��1
�. �)ºÙÔnÅ�, 8cJÑ�Ôn�.Ì�
�): >ÖkSý��KzÅ� [35]!Û�>6^
|Å� [36]!g^5\Å� [37]!>|¬�ÍÜÅ
� [38] Ú©l'6Å� [39], ,
, ù
�.ÚÅ�
Ñ�UÜ©/`² ER �A, é ER å
�@£ÿ
�3©Ü. 3±cé�j" Nd0.67Sr0.33MnO3−y �
ïÄ¥, ·�Q�Ñ, �j"´���¬¬.Ñy
ý�51�
/¤³^�Ì��Ï, 	1>|�ü
$³^pÝ
O�>�, l
Ñy ER �A [31]; 3
é¥�Ü¤� Nd0.7Sr0.3MnO3 ïÄ¥�·��u
y
��¬w�(����'� ER 1� [33]; ÏL
é Nd0.7Sr0.3MnO3 >b�7á>4m.¡�ïÄ,

·�Ó�*	� ER 1�, ¿@���ù«.¡�
' ER �Ì��Ï´.¡?�m>Ö«3	>|e

ã 4 >|é SSR �¬ ρ-T ­� (a) Ú HPT �¬3K1� (b), � (c) >|� ρ-T ­�K�
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�Cz [30]. éu9Ø� HPT �¬, Ù{	>f
Ñ$�³^Ì�5
u�â�.¡Or�AÚ
9 Ø � � � � â ý � z 1 �, � � � 	 | Ø v
±ü$³^pÝ, �	>|�u 1.8 mA �, {	
³^�	>|O�
eü, ÑyXc¤ã� ER

y�.

�?�Ú&? HPT �¬�Ñ$1�, ·�3Ø
Ó^|eÿþ
�¬>{Ç�§Ý�Cz­�, X
ã 5 ¤«. éu�( SSR �¬, 3 TMI NC, �¬�
>{Ç�^|O�:ìeü, u) MR �A, 3 TMI

NC����� 21% (MR = (ρ0−ρH)/ρH×100%,

ρH, ρ0 ©O´k!Ã^|�>{Ç), ¿�X§Ý�
eüÚ,p, MR Åì~�, ù~~�½Â�1�
a MR �A, Ùå
�^ DE nØ5)º [40]. 
é
u9Ø?n� HPT �¬, 3�>6�Øu) ER �

A, ��\	^|�, Ø3 TMI NCÑy�� MR

(MR = 25%, ½ÂÓc) 	, �X§Ý�ü$Ù MR

��úeü, �§Ýü� 50 K ±e�, Ù MR �
Ø2eü, ¿�±3 18%�m, ù«$§ MR �
A�U�9Ø?n��Or�.¡�A���
' [41−43]. ,
, k��´, éu HPT �¬, 3K1
��>6 (> 1.5 mA) �Ñy�>{²�é	^|
�é¯a, Xã 5(c) ¤«. 3	^|�^e, ²�
�¥%>{¿vUC, �´²��°ÝCÄ, �X
?�ÚO�^|, >{²��Ä, ¿Åì��, üC
��>{¸. dd�±wÑ, ^|Ú>|ér>|
e HPT �¬�Ñ$1�k����^�J. >|O
�, ²�>{C°, {�~�, 
^|O�, ²�>
{CÄ¿ÅìÑy>{¸, ¸�>{�²�>{{
���.

ã 5 ^|é SSR �¬ ρ-T ­� (a) Ú HPT �¬3K1� (b)!� (c) >|e� ρ-T ­�K�, (a) S�ã´ SSR �¬� MR-T

­�, (b) S�ã´�>6e HPT �¬� MR-T ­�

á��Ñ$A5��NÙ(�A:. >{´
á��(�¯aÔnþ, >{¸�Cz�N�¬
SÜ(��UC. Ï~, éu x = 0.3 ���z
Ô A0.7B0.3MnO3, Ù TMI � TC ���, L²3V
���^�ªe, �L�¬^�=C� TC Ú>f
�=C� TMI r�ÍÜ. éõïÄ [44−46] �L²,

3$Ø��, TMI Ú TC Ä�­Ü¿�	Ø�O�

ÓÚ,p. �3pØe, dupØ�� MnO6 l
¡Nî­ÆC�) JT �^,  á
 eg >f�°,

³�D�>fa�, fz
 DE �^
¦�¬Ñy
ý�z1�, d��¬� TMI Ú TC òØ2ÍÜ3
�å, 
´Ñy©l [34,47,48]. Ïd, ·�*	��
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>{²�¢�þ´�¬39Ø^�eÑyý�z
1�
�� TC Ú TMI ©l�Ly. 
²�>{3
	^|�^eüC¤>{¸�1��U�^|Ú
âm�¥�c^�¤©�pÍÜ¿Or�â�c
^5Ú DE �^, ³��¬ý�z1�
r¦ TC

Ú TMI ­Ü [34,49] k'.

4 ( Ø

ÏLé9Ø?n� Nd0.7Sr0.3MnO3 >b?1
^>Ñ$ÿþ, (Juy, 9Ø�¬�¬N(�Ú
�m+�,vkUC, �Ù¬�ëê!(�ëêÚ
�¬�w�(�%u)
é�Cz, ¿é�¬�^

>Ñ$�)wÍK�. d9Ø���âm��¦�
¬�â[zÚ.¡�AOr, ¿���¬^Ý~�
Ú^=C°z�A:. 3>Ñ$�¡, 9Ø�¬L
yÑ�9Øcé�ØÓ. �K1��>6, 9Ø�
¬��(�¬��Ø�) ER �A, ¿Ñ37á -

ý�N=C:?Ñy�� MR. ��(�¬ØÓ�
´, 9Ø�¬3$§Ek�� MR �; �K1>6
���, 9Ø�¬�>{¸ÅìOC��>{²�,

T²��K1>6O�
Åì°z, �{�~�,

Ñy ER 1�. �)ù
Ñ$1���ÏØ�9Ø
���¬¬âÑyý�z1�k'	, ��9Ø?
n��âm��/¤k'.
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Abstract

The Nd0.7Sr0.3MnO3 compounds are treated at a thermal pressure (HTP) of temperature 1273 K and pressure 9 GPa. The results

show that the crystal structure and space group of samples keep unchanged while the lattice and structural parameters, especially the

microscopic structure change remarkably, which produces significant influence on magnetoelectric transport of the Nd0.7Sr0.3MnO3

ceramic. For electrical transport of the HTP sample, no electroresistance (ER) effect occurs when loaded current is less than 1.5 mA,

however, an ER effect around 200% takes place when the loaded current goes up to more than 1.5 mA. Interestingly, the peak at ρ-T

curve disappears by replacing a platform, which can return to a peak if a magnetic field is applied again. The formation of intergranular

phase and insulating behaviour of sample under thermal pressure condition are suggested to be responsible for the unique transport

properties.
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