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�� R +	�����	��	��$������	�	��	��	��%�	��	��������	��$��	�����	���	

 ��%��	 ���	 �����	 >+	 
�	 ��	 ��	 ��������#�	 ��	 ����	  ��%�	 ,	 ��	 ��	 ��	 �����	 �#����	 ��	
����������#�	G	��	�����	 ��%�	��%���	��	��	��$��	��	H�A��������6
����7�	��	������#�	��	
������	�#�����	 ��	 ����������#�	�2����=�	G	 ��	 �����	��	3�	 &����������#�	*��	��*������	
���	 ��%��	��	 ��	�����	�K$���	���	��������#�(	��	��$�	�	*��	��	 ��%�O�	��*��O�	��	 ���	
��������	*��	������	 ��	������#�	�������	��	 ��	����=�?���	&��+	��+	��+	���(	�������	���	
��������#�	�������=�	��	���	���������	
��4�		
DS���	���	���6
���07	%��������	*��	������	���	������#�	������	�����	��	�����	%����	'�>B	,	
��	 �����#�+	 ��� 	
�	 R� γ+>>=<< +	�����	'�	�B	��	 ��	�����	%����	���	 ��%������	 ���	

�����#�	,	γ	���	���������	��,�	=����	��	
�<!T3��0	@Q?$���	D�������	���	��	����	������#�	
��	�$��=�	��	���=�	�%������	��	��	�����������	��	8�	���	��	�����#�	,	��	���������	��	��	
&�	��� ����'(�	 "�	 �=������	 ��	 ����	 2�����	 ��	 %�,	 $����	 ���������#�	 ���������	 �����	 ���	
������	������%�������+	 ��	*��	���%���	��������	��	�-����	����$#����	�	 ��	�����������	
��	8�	���	��	�����	%����	'�>B�		
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��%�	 ���	 ���������������	 �����#�����	 ��������	 ����2��������	 ����	 ��������	
����������=�%����	 ��	 �2����	 ��	 ��	 �����#�	 ��$��	 ��	 ��%��������	 ��	 ��������#�	
2����%���)����	��	�����������	���������	���	������������#�	���������=�	����	��������	 ���	
�����������	�$���=�����	
	

	 	

 	������!��"�$	A����������	��	��	=������#�	��	��	��%��������	�������	���	��	�����#�	����	���������	
����������	��%����	��	���	"�	��	2�����	�������	��	��������	��	8�	�	�����#�	�%$������	"#$	A�����%�	�����#��
���������	��	���=������#�	��	8�	����	���	%�������	�����������	&���	������	���	����	����	��	�-�(�	

	
	

	
 	�������'�	A����������	��	��	��������#�	2����%���)����	��	��	�����%�	�����������������
��
	���	��	�����	
%����	���	�����	>	��	��	����=�?���	>
��
�	"�	 ��	2�����	�������	��	���������	 ���	����������	�$�������	��	
=�����	��	���������	��	��+	��%�	���	 ��%$�)�	�*������	*��	 ���������	��	�������	�����#�	������� ����	 &=��	
�����(�	���	������	�#�����	���	��	�-����	����� ����	��	���	�����	������%��������	

	



��������	
��	 
���������	�������	���	�������	�����������������
��
	

� ��	!!	

"�	�-����	����� ����	���������	��	��	��	2��%��	

	 ( )[ ]��3 �

	

�

�� ����� ������ −><−= ��� 		 	 	 	 6���������7+	

�����	 ���
�

�� 	,	 ���β 	���	��� %�����	*��	��������	���	����-�	�+	,	 ��� ��!!�3� = 	���	

����������	 ���	 ��	 2��	 ��	 ��������.��	 ����	 %�����	 ��	 �$��=�	 ��	 ��	 ����������	 ��	
�����������	��	8�	���	'�>B	����	����-��	�����	3!9	,	

9	���	 ��%�	��=������+	��,��	
����������	 ��	 ���������	 ��	 ��	�	��� ������	 F��=�%����	 ��	 �����	 ��������	 ��	 %�,	$���	
�������	�����	���	�-�����	,	���	�����	������%�������	��	����	�����	��	����-���	"�	��	�	���

����(���	���2������	���	=������	��	���	��� %�����	 �
�� , β ��	2����#�	���	����-�+	�����	��	

�����	�$���=��	���	���������	%��#����	����	�%$���	
>	 ������	 ��	 ����	 %�����	 �%������	 ��	 �������� �	 �������	 ����������	 ������%�������	
����������	��	��	����������	*��	��	������	���	�����	������������#�	�����	��	%�%����	,	*��	
������	�������%����	���	%��%��	"�	���%��	�����	��	��������� 	��	�����������	��	8�	���	
��	 ��������	 �����������	 �����������	 ���	 ��	 ���%���.�	 ��	  ��%��	 �	 ����-�	 ���������+	
�������%����	 ��	 �������� 	 ��	 �����������	 ���	 ��	 8�	 ���	 ���2�������	 ��	 �����#�	
& ������ � (& (	,	2����%����	��	��� 	���	������������#�	���	%������	"�	��	�����#�	
�
	��	

���������� 	����	 �� �����	 �	2��%�	��	%���������	 ���	 ��	�������#�	��	��������	��	8�+	 ��	
���2�������	��	�����#�	,	��=����	�� �	��	��	��� %����	�����������	*��	�����%���	8��	
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 	��� ����(�	 ��� %�����	 �

�� , β ���	 �-����	 ����$#����	 ��	 2����#�	 ���	 ����-�	 ���	 ������	 ����	 ���	
��%�������	A�83��
��
	&=��	�	��������(�	���	�������	���	���	��%�O�	��	���	�������	���	������	���	�����	
����	��	�-��	
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����+#	
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��%�	 ��	%������#	��	 ��	 �����#�	��������+	 ��	8�	 ��������	���	�����������	����$#����	
���	 ��	 �����	 %����	 ���	 �����	 >	 	 ����	 %�������	 ���	 ��)�����	 ����-��	 >��%��%�+	 ��	
������%�����	�����	%����=�����	���������	��	=����	��	'�>B	,	��	������#�	��	
�

/
Q
�/0	
��������	 ���%���.��	 ���������	 ��	 ���	  ��%��	 ��=�������	 ,	 ���=�������+	 ��	 �$���=����	
��%$���	��	��	8��	���	��	�����+	����	��	�����%�����#�	��	��	��%��������	��	��������#�	��	
���������	�����	��	������	��	����	��	����-�	,	��	�����	%����+	����	*��	���% �	��,	*��	
����������	��	��������#�	���	�����	%�����	"���	��������#�	�����	���	�=������	�	���=)�	��	

��	=�����.�+	 ( )� ><−=><−>=<
� �	�		 
���� �,�

����σ +	�����	��	��$������	�	��	��	

��%�	��	��������	��$��	�����	���	 ��%��	���	�����	>+	
�	��	��	��������#�	��	����	 ��%�	,	
��	��	��	�����	�#����	��	����������#�	G	��	�����	 ��%��	
"�	�������	����*����	��%������	��������	���	=�����.�	%�,��	*��	����+	���	��	*��	��	8�	
��$����	���	����������	����	����	��	�=�������	������%�����	����������	��	��	�	���������	
��	���%�	*��	��	�2����	��	��������	*��	���������	��	��2�������	��	��%�O�	��	���	 ��%��	
��	�=������	�#��	����	�*������	��%�������	��	���	*��	σ��	B	3��
	@��	8�������	��	������	
���	=������	������%�������	��	σ��	��	���	%�������	�����.����	����	�$�����	���	��� %�����	
�
�� , β +	�����	������������	*��	������������	�	%�������	���	���������		
��	�����������	��	8�	���	σ���,�	��	����	���������	��	��	����������	,	��	�����	��	������	
%�������	��	��������	*��	���������	��	��	����������	��	���%���.�	��	 ��%��	���	��)�����	
=�������6
���33+	
���3�7�	8��	��%�	��	�$���=�	��	��	�	���������	��	8�	�������	������%����	���	
��	��������	����	���	���������������	�����������		
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 	�����������"�$	A����������	��	8�	���	��	=�����.�	���	�����	�#����	%����	���	�����	>	&=��	�����(�	C�����	
��������	��	��	��2�������	6
���337�	"#$	A����������	��	��	��2�������	��	8�	���	��	=�����.�	���	�����	�#����	
%����	���	�����	>�	C�����	��������	��	��	��2�������	6
���3�7	

	
	
>	 ������	 ���	 %�����	 ����������	 ��	 �����	 ������$��	 ����������=�%����	 ����	
��%�����%������	����	�$�����	��	=����	��	8�	���������������	�	��	������	��������	σ��	��	
�����	 ��	 ��	 6��������7	 ,	 ��	 �������	 ��	 =����	 %����	 ��	 8�	 ��	 ��	 �����=���	
[ ]σσ +><−>< 		 �� N +	��	��	*��	��	�$������	

	 { } �� 
(�+&(+& σβσ �
�	�	� ����� −><=>< 	 	 	 6���������7�		

"�	���2�������	 { }
β�
�� 	 ��%�	��	=����	&3!���	W	3���(	:@��	 	 ,	 &3<���	±	3���(	:@��+	

�����.����	 ���	 ��� %�����	 �����������	 ��	 ��	 �	��� ����(	 ����	 ���	 ����-��	 ��
	 ,	 ��

	
��������=�%�����	"���	���������	���%���	�������	��	�����������	2��������	*��	��������	
8�	���	��	��������	,	���% �	�$�����	��	%�,	$���	�������	���	��	=����	��	��	���������	
�$������	������%�����%����	&=��	�	���������(�	
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A����	 ��	 ��%���.�	���	 �������	��	 ���	%���������	%������������������	 ��	�����)�	��	 ���	
��=������������	 ����=�	 ��������	 ��	 ������	 ��	 ���������	 ��	 %�����	 *��	 �����*��	 ��	
�����$������	��	8�	���	�����#��	"�	%�����	��	A�$��	X������%$��	&A"(	2��	��	�����	��	
�������+	 ����	 ��	 ��	 �)����	��	 ���	 G�	 �����%����	 *���#	 ��	 �=�������	 ��	 ���������	��	
����������	����	������$���#�	����	��������	��	�����������	��	��	�������=����	���	�����3�
�
��
	 ���	 ��	 ��%��������	 ,	 ��	 ��%��	%���)����

6
���3
7	 ,	 ��	 �������	 ��	 ������%�����	
������#��2��#�	��%�	����	���%����	����������	P�	��	%������#	��	��	�����#�	
��	*��	��	
��	 ����	 ��	 %���������	 �������	 ���	 ����������+	 ��	 �2����	 ��	 ��	 �����#�	 ��$��	 8�	
&���������	 �	 ������	��	 ������ � (& (	 �����	 ����������	 ����������=�%����	 ������������	

*��	 ���	 ����������	��	 �����	 ���	 ����������	����	 ��	 ��	 ����	��	����-�	 ���	������+	 ��	
������$���#�	�����#����	������	��	�)�%���	������=�	��	���2�������	��	�����#�	����	��	��	
��2�������	����	�����.��	��	=����	������%�����6
���307�	
D�$�����	���������	��	%�����	�����	 ��	8�	��������	 ��	�����������	��	 ��	������#�	3	
���	��	�����	%����+	��	�����	��������	2 ���%����	��	���2�������	��	�����#�+	�$��������	��	
���������	�������#��	
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β
β 	 	 6���������7+		

�����	 β	 ��	 �$�����	 ���	 �-����	 ����� ����	 ,	 ��������� 	 Q3�<!�
Q 0−==>< ��γ 6
���07+	

*�������	 ���	�����%����	 �������� Q �	��	 ������	 ���������	 �*��	*��	 ��	 ���%��	 �)�%���	

������	���	��������	�	���	������$�������	�����������	&���������������	��	%�����	��	A"(	,	
�����#����+	 %�������	 *��	 ��	 �������	 ������	 �����	�����������	 ���	 ��	 ����-�	 �2����=�	
��������	���	��	��%$��	���	�����	%����+	���	���	��	�2����	���	���%���.�	����#����	�	���	
��	�����#��	"���	��� 	���������	��	��	�����#�	������	
D�$�����	 �$������	 ��	 ��	 ����������	 ���	 %���2���������	 �������������	 ���������	 ���	
�����#�	����	��	��%������	�����!����<!
��


6
���3!7	,	����$�,)�����	��	�)�%���	����������	
�����	����������	��	���2�������	��	�����#�	����	���	%�������	��	����-�	�1����	����������	
��	 ����	 ���$�-��	 "�	 ��	 �	��� ������	 ��	 ���������	 ���	 ������	 ������%�������	 �$�������	
&��� ������(+	 -����	 ���	 ���	 ������������	 ���������	 ���	 ��	 �)�%���	 ��	 ����-�	 �2����=�	
&���%�����	=���������	%�������	��$��	��	2���-�	��%$�����	��������	�	���	������$�������	
�������������(�	�����%����	 ��	�����	��������	��	�������	����������=�	�����	��	%�����	 ,	
���	����������	������%��������	
	
	

	
 	��� �������	���2�������	��	 �����#�	 & ������ � (& (	 ��	2����#�	��	8�	 ����	 ���	 ��%�������	%������	 & (+	

-����	 ���	 ���	 ����������	 �$�������	 ��	 ��	 ����������	 ����	 �������	 ��	 ������������
��
	 & +	 ��������	 ��	
��2�������	6
���G7	,	����	�����!����<!
��
	& +	��������	��	��2�������	6
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Pressure Sensitivity of the Ferromagnetic Transition in

Perovskite M anganites Revisited
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Abstract.  It was already shown that a qualitative understanding of the pressure effects on the ferromagnetic transition
temperature (Tc) of the perovskite manganites (AMnO3) results from the variation of the geometric factors that control
the bandwidth, the Mn-O-Mn bond angle and the Mn-O bond length and also from the reduction of the effective mass
related to the polaronic nature of the carriers. But, up to now, a quantitative agreement was not really obtained,
particularly for the hole-doped manganites. Here, we present results on the pressure effects in the Tc of
La0.8(Ca,Sr)0.2MnO3 ceramic samples. Our results are described within a phenomenological approach based on the well
known dependence of Tc on the mean A ionic radius, that gives a good quantitative agreement of the pressure sensitivity
of Tc for several hole-doped manganites.

Keywords: Manganites, Pressure Effects.
PACS: 71.30.+h,  75.30.Kz, 75.47.L

In the last years many efforts have been devoted to
determine the relevant electronic and structural
parameters that determine the Curie temperature Tc of
manganites. Historically, the Double Exchange model
(DE) was successfully applied in order to correlate
electrical transport properties and magnetic ordering in
these compounds [1]. But, from the early experiments
in the middle of the 90's, the necessity of including
polaronic contributions was clear, in order to account
for their experimental evidences [2]. Particularly,
although a good qualitative understanding for the
pressure sensitivity of Tc was achieved, a quantitative
agreement was not obtained [3]. Here we present a
phenomenological model based on the A mean ionic
radius dependence of Tc for the large bandwidth
AM nO3 hole-doped perovskites, which usefully
describes the quantitative dependence of Tc with
pressure (P).

In order to modify the A mean ionic radius (<rA>)
and to analyze the Tc(P) dependence for these samples
at a fixed nominal doping, we have prepared by liquid
mix good quality ceramic samples of the hole-doped
large bandwidth La0.8Ca0.2-ySryM nO3 compound

(0byb0.2). Details of its synthesis will be published
elsewhere [4].  W e have performed 4 terminal DC
resistivity measurements as a function of temperature
(T) and pressure (P) in the 4 K<T<300 K and P<1.2
GPa range.  Pressure was applied hydrostatically using
a CuBe piston-cylinder cell with a mixture of
kerosene-oil as the pressure transmitting medium.
Pressure was measured at room temperature by using a
calibrated InSb sensor and presents less than a 1%
variation over all the temperature range. Temperature
was measured using a well calibrated carbon-glass
thermometer.

The <rA> dependence of Tc for these samples is
shown in Fig. (1). The ambient pressure <rA>  values
were calculated using the reported ionic radii in Ref.
[5]. W e have also included in this curve all the
Tc(<rA(P)>) points obtained from the pressure
experiment by assuming that <rA> varies linearly with
pressure. This assumption was previously verified [6]
from experimental results (d(<rA(P)>)/dP=γ;
γ=0.000375 Å kbar-1). W e have also included points
from other DxT1-xMnO3 compounds, where D and T
are divalent or trivalent atoms, respectively.
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C u r r e n t - in d u ce d e f f e ct s in L a5=8�yPr y C a3=8 M n O 3 ðy ¼ 0:35Þ
sin g l e cr yst al s
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Abstract

D C e l e ct r ical cu r r e n t - d e p e n d e n t r e sist an ce an d p u l se d cu r r e n t –v o l t ag e char act e r ist ics as a f u n ct io n o f t e m p e r at u r e o f

m ix e d v al e n t M n o x id e - base d L a5=8�yPr y C a0:37 5 M n O 3 ðy ¼ 0:35Þ sin g l e cr yst al s ar e r e p o r t e d . W e fi n d t hat t he l o w -
t e m p e r at u r e r e g im e o f t his m at e r ial is st r o n g l y cu r r e n t d e p e n d e n t . F o r sm al l cu r r e n t d e n sit ie s (� 10mA=cm 2Þ; t he
m e t al –in su l at o r t r an sit io n r e l at e d t o t he l o w - t e m p e r at u r e e n l ar g e m e n t o f t he f e r r o m ag n e t ic f r act io n is n o t o bse r v e d

d o w n t o 10 K . H ig he r cu r r e n t d e n sit ie s cau se s a l ar g e d e cr e ase o f t he r e sist an ce , w hich is t e m p e r at u r e d e p e n d e n t an d

e x hibit s m e m o r y e f f e ct s. O u r r e su l t s ar e in t e r p r e t e d w it hin a sce n ar io o f st r o n g co m p e t it io n be t w e e n char g e an d

f e r r o m ag n e t ic o r d e r in g .

r 2004 Pu bl ishe d by E l se v ie r B. V .

P A C S : 7 1. 30. þh; 7 2. 15. E b; 7 2. 20. H t ; 7 5. 47 . L x

K e yw o r d s : N o n - l in e ar e f f e ct s; M an g an it e s; Pe r co l at io n ; Phase se p ar at io n

1 . I n tro d u cti o n

T he m ag n e t ic p hase se p ar at io n sce n ar io t hat

p r e se n t s so m e m an g an it e s can be v e r y u se f u l t o

p r o d u ce sam p l e s w it h a co n t r o l l e d m ix t u r e

o f char g e - d e l o cal iz e d f e r r o m ag n e t ic (C D - F )

an d char g e - o r d e r e d , an t if e r r o m ag n e t ic (C O - AF )

p hase s. I t w il l be t e chn ical l y in t e r e st in g t o e x -

t e r n al l y co n t r o l t he p r o p o r t io n s o f t he se hig hl y

co n d u ct in g an d in su l at in g m ix t u r e s as a chan g e in

t he r e sist iv it y o f se v e r al o r d e r s o f m ag n it u d e can

be o bt ain e d as a co n se q u e n ce o f t he p e r co l at in g

n at u r e o f t he p r o bl e m [ 1] . T his k in d o f f r am e w o r k

w as al r e ad y o bse r v e d f o r ho l e - d o p e d m an g an it e s
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Pressure dependence of the superconducting

transition tem perature of M gCN i3
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Abstract

T he new superconductor M gCN i3 w ith a TC � 8 K is an interesting candidate for non- conv entional superconduc-

tiv ity as it is in the borderl ine of ferrom agnetism . W e hav e perform ed a sy stem atic study of sev eral sam pl es of this

com pound under pressures up to 2 5 G Pa, m easuring the el ectrical resistiv ity betw een 1 and 30 0 K . W e observ e a sl ight

increase of the critical superconducting transition tem perature at high pressures. O ur resul ts are com pared w ith the

ev ol ution under pressure of the cal cul ated el ectronic band structure.

� 2 0 0 4 E l sev ier B . V . A l l rights reserv ed.

K ey w o rds: Pressure eff ects; S uperconductiv ity

T he recent discov ery [ 1] of superconductiv ity at 8 K

in the interm etal l ic perov sk ite M gCN i3 has raised

q uestions about the origin of superconductiv ity in this

m aterial . F irst, it has to be rem ark ed that this com -

pound has the sam e perov sk ite structure as m any

interesting ox ides. A l so, as it has a l arge proportion of

N i per unit cel l , m agnetic fl uctuations can be ex pected to

pl ay a rol e. M ost interesting is the fact that the F erm i

l ev el l ies in the v icinity of a l arge peak of the el ectronic

density of states suggesting that this m aterial is near a

ferrom agnetic state, as has be predicted for a hol e

doping [ 2 ] . T he q uestion of unconv entional supercon-

ducting is then rel ev ant, though the ev idence gathered

up to now is not defi nitiv e. I n this note w e report m ea-

surem ents of the el ectrical resistiv ity and the v ariation of

the superconducting transition tem perature ( TC ) under

pressure.

F our probe d. c. el ectrical resistiv ity m easurem ents

w ere perform ed in a sintered diam ond B ridgm an anv il

apparatus. S am pl es w ere fabricated as described el se-

w here [ 1] , and diff erent stoichiom etries w ere m easured:

S 1 a pol y cry stal , S 2 a pow der, S 3 a pol y cry stal l ine

sam pl e w ith an ex cess of N i and S 4 sim il ar to S 3 but

w ithout N i.

O n F ig. 1 w e hav e pl otted the ev ol ution of TC . W e

observ e a diff erent v al ue of TC at am bient pressure for

each sam pl e, that can be attributed to a diff erent carbon

concentration [ 3] . F or a l ow er TC sam pl e a sm al l de-

crease fol l ow ed by an increase abov e 2 G Pa has been

reported [ 4 ] and rel ated to a possibl e phase transition.

S tarting at higher pressures, w e observ e in our sam pl es a

m onotonous increase of TC w ith pressure. W e note that

for al l the sam pl es at high pressure d l nTC=dP is practi-

cal l y the sam e.

I t is k now n that the standard behav ior for s–p

superconductors is a decrease of TC w ith pressure due

to the pressure stiff ening of the l attice. W hil e the
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Revealing polarons with high pressure on low electron-doped manganites

G. Garbarino and C. Acha*
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Pressure sensitivity (up to 1 GPa) of the electrical resistivity and of the ac susceptibility was measured for
low electron-doping levels of Ca1−xYxMnO3 (CYMO) and of Ca1−xSmxMnO3 (CSMO) ceramic samples
s0.05øxø0.15d. A very weak pressure dependence of the Curie temperature sTcd was observed for both
systems s,6 K GPa−1d, when compared to the hole-doped manganites of the same Tc s,20 K GPa−1d. Our
results can be interpreted within a modified double exchange scenario, where pressure alters the reduction of
the bandwidth produced by the electron-phonon interaction associated with small Fröhlich polarons in the
weak to intermediate coupling regime.

DOI: 10.1103/PhysRevB.70.014414 PACS number(s): 75.30.Kz, 71.38.2k, 72.20.Ee, 75.47.Lx

I. INTRODUCTION

The study of high-pressure effects on the magnetic tran-
sitions and the electrical transport properties of manganite
compounds can provide useful information about the rel-
evant mechanism in magnetic ordering and its relation to
transport properties. Indeed, this was the case for the pres-
sure dependence of the Curie temperature fTcsPdg, mostly
studied, up to now, in the hole-doped part of the phase dia-
gram of these compounds.

It was experimentally shown1,2 that the pressure coeficient
fd lnsTcd /dPg as a function of Tc follows a sort of universal
curve, independent of the mean A ionic radius RA
s1.124 Å,RA,1.147 Åd for the A0.67B0.33MnO3 com-
pounds sA=Pr,Sm,Nd,Y,La;B=Ca,Srd, or the doping
level x s0.2øxø0.4d for La1−xSrxMnO3 and Nd1−xSrxMnO3.

It has also been shown1 that a qualitative understanding of
this curve can be obtained in terms of the double exchange
(DE) model.3,4 Within this model, pressure increases the
transfer integral of the eg electron, which is hopping from
Mn3+ to Mn4+. This results in a broadening of the bandwidth
sW0d, which yields an increase of Tc. This can be understood
by considering the pressure dependence of two geometric or
steric factors, both of which control W0: the Mn-O distance
sdMn−Od and the bending angle sQd of the Mn-O-Mn bond.
However, calculations based on a simple model related to
pressure variations of the steric factors do not give a good
quantitative agreement with the experimental data. A better
quantitative prediction can be obtained by considering the
polaronic modifications of W0 due to the Jahn-Teller (JT)

cooperative effect. The existence of these polaronic contribu-
tions was clearly established for some of the manganite
compounds.5–8 It has been shown that a positive contribution
to the pressure dependence of Tc arises from the negative
pressure derivative of the isotope exponent, a

=1/2gEJT /hv, where g is a positive constant sø1d, EJT is
the JT energy, and v is an appropriate optical frequency.
Even though the experimental results could not be suitably
fitted by this model, as for example, in the case of the studies
of the oxygen-isotope effects under pressure in the
La0.65Ca0.35MnO3 samples,9 the d lnTc /dP value observed
for the 18O sample s23% d is higher than the one predicted by
this model s6% d. It was shown10 that this controversy can be
solved considering the polaron theory in the intermediate
electron-phonon coupling region sl,1d and in the adiabatic
approximation,11 which also gives an adequate description of
the electrical conductivity for temperatures above Tc.

The study of electron-doped manganites can shed light on
the issue whether polarons are relevant or not to the TcsPd

dependence in manganites. As the low eg level occupancy of
the Mn4+ ions no longer favors the JT distortion, JT po-
laronic effects are not expected to contribute to transport
properties or to magnetic ordering in the same way they are
expected to participate in the hole-doped part of the phase
diagram. Then, a small TcsPd dependence for the electron-
doped manganites would reveal the important role played by
JT polarons in the hole-doped samples and may also indicate,
on the other hand, an active role of other types of charge
carriers, like lattice or magnetic polarons, associated with the
electron-doped manganites in other studies.12,13

For low doping levels s0.05øxø0.15d, Ca1−xYxMnO3
(CYMO) and Ca1−xSmxMnO3 (CSMO) compounds are typi-
cal electron-doped manganites. For this doping regime a
competition between antiferromagnetic (AF) superexchange
and ferromagnetic (FM) DE interactions has been revealed
by dc-magnetization and electrical transport measurements
as a function of temperature and magnetic field for the
CYMO system.14–16 Neutron diffraction studies17,18 for
CSMO (x=0.10 and x=0.15) showed that, besides the FM
phase, a Pnma structure associated with a G-type AF is also
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Low temperature irreversibility induced by thermal cycles on two
prototypical phase separated manganites
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Abstract

We have studied the effect of irreversibility induced by repeated thermal cycles on the electric transport and magnetization of polycrystalline
samples of La0.5Ca0.5MnO3 and La0.325Pr0.3Ca0.375MnO3. An increase of the resistivity and a decrease of the magnetization at different
temperature ranges after cycling is obtained in the temperature range between 300 and 30 K. Both compounds are known to exhibit intrinsic
submicrometric coexistence of phases and undergo a sequence of phase transitions related to structural changes. Changes induced by thermal
cycling can be partially inhibited by applying magnetic field and hydrostatic pressure. Our results suggest that the growth and coexistence
of phases with different structures gives rise to microstructural tracks and strain accommodation, producing the observed irreversibility.
Irrespective of the actual ground state of each compound, the effect of thermal cycling is towards an increase of the amount of the insulating
phase in both compounds.
© 2003 Elsevier B.V. All rights reserved.

Keywords: Manganites; Phase separation; Irreversibility

Manganese oxides with perovskite structure and mixed
valent Mn exhibit interesting features related to their elec-
tric, magnetic and structural properties, the colossal magne-
toresistance effect is probably the best known of them.

The discovery of phase separation (PS) in some mangan-
ites [1], i.e. the intrinsic coexistence of two or more phases
with different magnetic and transport properties on a submi-
crometric scale, provides an interesting scenario to account
for some unusual properties. As thoroughly documented in
the recent literature [1,2], this mixture is formed by a fer-
romagnetic (FM) conductive phase (zones in which double
exchange coupling between Mn3+ and Mn4+ favours delo-
calization of carriers) and highly insulating charge ordered
(CO) and even orbital ordered phases.

Among manganites exhibiting macroscopic PS, La5/8−y

PryCa3/8MnO3 [LPCMO(y)] with 0.3 < y < 0.4, has its
temperature of charge ordering (Tco) higher than the FM
ordering one (TC) while La0.5Ca0.5MnO3 [LCMO] has TC

∗ Corresponding author. Tel.: +54-11-4754-7121.
E-mail address: sacanell@cnea.gov.ar (J. Sacanell).

higher than Tco.
On cooling LPCMO (0.3), nucleation of FM droplets be-

low TC = 200 K occur in a CO host previously developed
(Tco = 230 K). These clusters grow as the temperature is
lowered, and an insulator–metal transition is obtained when
the fraction of the FM phase reaches the percolation thresh-
old [2–4].

On the other hand, when cooling LCMO, CO regions
nucleate within a charge delocalized host. This compound
shows PS in the whole temperature range below TC ∼ 220 K.
[5–9], with three well differentiated PS regimes [7].

In previous works we have observed magnetic memory
effects in LPCMO (0.3) [10] and in B site doped LCMO
[11] induced by external magnetic field H.

Recently, by measuring polycrystalline samples of
Pr0.5Ca0.5Mn1−xMxO3, (M: Cr, Co, Al and Ni) with x =

0.03, Mahendiran et al. have shown that the low tempera-
ture resistivity increases after performing repeated thermal
cycles [12]. In La0.5Ca0.5MnO3, Li et al. have shown a
training effect characterized by the reduction of the low
temperature magnetization [13] and Hasanaian et al. have
reported a similar effect by measuring ac susceptibility [14].

0925-8388/$ – see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.jallcom.2003.09.045
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Pressure effects in the triangular layered cobaltites
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x
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2
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 W e have measured transport properties as a function of temperature and pressure up

to 30GPa  in the Na
x
CoO

2
 system. For the x = 0.5  sample the transition temperature

at 53K increases with pressure, while paradoxically the sample passes from an

insulating to a metallic ground state. Compression on the x = 0.75  sample transforms

the sample from a metallic to an insulating state, with no detectable transition

temperature. W e discuss our results in terms of interactions between band structure

effects and subjacent Na+order.

a
 Consejo Nacional de Investigaciones Científicas y Técnicas (Argentina) Doctoral Fellow



Luttinger Liquids and Coulomb Blockade in multiwall carbon

nanotubes under pressure
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W e report that the conductance of macroscopic multiwall nanotube bundles under

pressure is that of a network of bulk-bulk connected Luttinger Liquids (LL), showing,

besides the expected power laws in temperature and voltage, the predicted theoretical

dependence on their exponent. At temperatures characteristic of interband separation, it

increases due to thermal population of the conducting sheets unoccupied bands. By

comparison to measurements at ambient pressure on similar samples, that have described

intrinsic Coulomb blockade (CB) behavior, we draw a pressure / temperature phase

diagram for the transition between both regimes, thus settling seemingly contradictory

CB and LL previous reported behaviors.
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