
Fig .  1 .   E lec t ron ic  phase  d iagram o f
Nd0.55(Sr1-yCay)0.45MnO3.  COI, FM and PS
represent the charge-ordered insulating,
ferromagnetic metallic and phase-separated
states, respectively.  Inset shows magnetization
curves at 10 K.

PHASE  SEPARATION  AND  INSULATOR-METAL

BEHAVIOR  OF  CMR  MANGANITES

     The doped manganites,  R1-xCaxMnO3, where

R is  a t r ivalent  rare-earth metal ,  have a

distorted-perovski te structure with three-

dimensional networks of the MnO6 octahedra.

Their generic behavior of paramagnetic-to-

ferromagnetic transition is understood within the

framework of double-exchange theory.  We

need to consider additional effects in order to

understand the insulator-metal behavior as well

as the colossal magnetoresistance (CMR).  At

present, the most probable candidate is the

percolation model [1], in which the insulator-

metal behavior occurs when the percolation

pass of the metallic (ferromagnetic metallic; FM)

is connected from one end to the other regions

in the sea of the insulating (charge-ordered

insulating; COI) state.  The charge-ordering

t rans i t ion  o f  doped mangan i tes  usua l l y

accompanies an antiferromagnetic transition

with the CE-type structure, while the FM state is

of half-metallic.  Here, to judge the suitability of

t h i s   m o d e l ,   w e   h a ve   p e r f o rm e d   a

synchrotron  radiation  X-ray  powder  diffraction

experiment  on Nd0.55(Sr1-yCay)0.45MnO3 at

beamline BL02B2 with high angular resolution

and counting statistics [2].  

the charge-ordering temperature TCO were determined

from the temperature-variation of the magnetization

M and resistivity ρ .  The insulator-metal behavior

was enhanced in the proximity of FM-COI phase

boundary (hatched region of Fig. 1).  Thus, we have

chosen Nd0.55(Sr0.17Ca0.83)0.45MnO3 for present

investigation.  The inset shows the magnetization

curves measured at 10 K.  The suppressed

magnetization curve at 0.83 suggests a coexistence

of the FM and antiferromagnetic COI phases [3].  
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     To choose an appropriate chemical composition

for the present study, we first have synthesized a

series of ceramics Nd0.55(Sr1-yCay)0.45MnO3, finely

controlling the one-electron bandwidth through

chemical pressure.  Powder X-ray diffraction

measurements at room temperature along with

Rietveld analysis indicate that the samples were

single phase without detectable impurities.  Figure 1

shows an electronic phase diagram of Nd0.55

(Sr1- yCay)0.45MnO3.  The Curie temperature TC and

    



Fig. 2.  X-ray powder diffraction patterns (crosses) of
Nd0.55(Sr0.17Ca0.83)0.45MnO3  at  (a) 265 K  and  (b) 110 K.
The solid curve is the result of the Rietveld analysis with a
model for  (a) single distorted-perovskite (Pbnm; Z = 4)
and  (b) two distorted-perovskites, respectively.

     In Fig. 2, we demonstrate prototypical

examples of the X-ray powder diffraction

patterns of Nd0.55(Sr0.17Ca0.83)0.45MnO3 at

265 K and 110 K.  At 110 K we observed

remarkab le  sp l i t t i ng  o f  t he  B ragg

re f l e c t i ons ,  i nd i ca t i ng  t h e  ph ase

separation (see inset of Fig. 2(b)).  We

have analyzed the powder patterns below

200 K using a two-phase model with two

distorted-perovskites (Pbnm; Z = 4).  The

Rietveld refinements are satisfactory, in

which Rwp and RI (reliable factor based on

the integrated intensities) are fairly typical

of published structures.  These two

perovskite phases can be characterized

by a lattice constant c .  Hereafter, we will

refer to the respective phases as ‘short-c’

(7.54 - 7.58 Å) and ‘long-c’ (7.60 - 7.62 Å)

phases.

     Figure 3 shows temperature variation

of (a) resistivity ρ , (b) lattice constants

and (c) intensity of the magnetic Bragg

reflections of Nd0.55(Sr0.17Ca0.83)0.45MnO3.

The most important point here is that the

lattice constants indicate a discontinuous

change at T CO.  In other words, the

system is transformed into a two-phase

state, both of which differ from the room

temperature phase.  Such a state is

p e rh ap s  asc r i b ed  t o  t h e  r and om

nucleation of a low-temperature phase

and subsequent stress-induced growth of

the secondary phase (stress-induced

p ha se  sep a ra t i o n ) .   W i t h  f u r t he r

temperature decrease, an insulator-metal

transition takes place at 157 K (= TIM).  
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Fig. 3.  Temperature dependence of (a) resistivity ρ,  (b) lattice constant
and ( c)  i ntensi t y of  the magnet i c Br agg r ef l ect i ons of
Nd0.55(Sr0.17Ca0.83)0.45MnO3.  Open and closed symbols represent the
short-c and long-c phases, respectively.

  The bottom panel of Fig. 3 shows integrated

intensities of the magnetic Bragg reflections.  The

three magnetic reflections, that is, F-, A- and CE-

types, seem to appear at the same temperature

near TIM. The F- and A-type (CE-type) components

can be ascribed to the long-c (short-c) phase based     

on the lattice constants.  The magnetic ordering at

lower temperatures below TCO contradicts to the

percolation model.  In addition, the volume ratio of

the insulating short-c component rather decreases

with cooling.

     A new scenario for the insulator-metal behavior    
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Fig. 4.  Schematic il lustrations of the mechanism for the insulator-metal
behavior:  (a)  T > TCO,   (b) TIM < T < TCO   and   (c) T < TIM.   COI, PI
and FM stand for the charge-ordered insulating, paramagnetic insulating
and ferromagnetic metallic phases, respectively.

is as follows.  With a decrease in temperature

below TCO, the system is transformed from a single

phase (Fig. 4(a)) to the two-phase state (Fig. 4(b)),

poss ib ly  due to  the  s t ress- induced phase

separation.  These phases, that is, the short-c and

long-c phases, can be ascribed to the COI and

paramagnetic insulating (PI) phases, respectively.

With further decrease of temperature below TIM, the

long-c phase indicates a PI to FM phase transition

(Fig. 4(c)). If the metallic region were connected,

the apparent insulator-metal transition would be

observed. 
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