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Magnetic phase diagrams ofL ; _,A,MnO ; manganites(L =Pr,Sm; A=Ca,Sr)
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The magnetic phase diagrams of fduy_,A,MnO; series(L=Pr,Sm; A=Ca,Sj have been established
combining neutron diffraction, electron microscopy, and magnetotransport measurements in order to under-
stand and optimize the colossal magnetoresisté@b4R) properties of these compounds. A complementary
study of the La_,CaMnO; phase diagramx=0.8) is also performed. The comparison of these diagrams
demonstrates that logr ,) values are required to obtain CMR properties on the'Mrich side, i.e., when a
competition between charge order and cluster glass phases dtgur€aMnO;; L=Pr,Snm. As a conse-
quence of the lowr,) values on the rich Mi' side (x<<0.5 in L;_,CaMnOs), the ferromagnetic metallic
(FMM) state is never reached, whereas for the samelues, systems with largér,) (L;_,SrMnOs; L
=Pr,Sm exhibit CMR properties related to the FMM state. A particular attention is paid toxth8.5
compositions of these; _,Sr,MnO; series for which the Curie and Metemperatures ar€y<Tc and T
<Ty for Pr and Sm, respectively. The importance of the chemical factors on the charge ofgerdigd vs
temperature by electron diffractipand on the magnetic structurésom neutron diffractionis also empha-
sized.[S0163-18209)11241-4

[. INTRODUCTION Moreover, the properties of the manganites are not only
sensitive to the manganese valency but are also strongly af-
The recent studies of the perovskite manganitegected by chemical factors such as averdgsite cationic
L1-xAxMnO; (L=lanthanide; A=alkaline earth have radius (r,) (Refs. 12-1#% and A-site cationic size
shown that their colossal magnetoresista(C®IR) proper-  mismatch®® which is quantified by the varianag® of the
ties are greatly governed by the sign and concentration of thgynic radii® For instance, keeping the hole concentration
charge carriers. In the hole doped compositions, i.e., fotonstant in the M3 rich FM compositions, it has been
an: rich rrlilnganltes>(<0.50)., the double exchangBE)  ghown that a decrease ¢f,) tends to diminish the Mn-
Mn®"-O-Mn s ferromagnetic ~ (FM) interactions 5 yn angle, reducing the bandwidt®), and consequently
predominateé 3 Consequently, for these hole doped manga .13 In contrast, a smallr,) value is required for the ap-
nites, the CMR effect results from a magnetic field inducedpearance of CMI,? in M rich manganite&.Finally, what-
transition, from a paramagnetic insulat@®MI) to a ferro- o
g 4.5 . : ever (r,) and manganese valency are, the increaseof
méggﬁgg rglfett:(gFl\l\%g/l Gahn[-a'?leélllrte()rni fggg:t'%n;;?kggsfgléhﬁjrtends to depress the magnetic interactions, FM or AFM, and
b P : P {9 destabilize C3> ! These few examples show the great

the activated regime in the paramagnetic state. In contrast ) . X .
the hole doped manganites, the electron doped onedmplexity of the relationships between the chemical factors

L, ,CaMnO, ie., the MA* rich compounds X>0.50), ({(rp), o2, carrier nz_ature, and concentrgt)cmnd the magne-

exhibit only a narrow range of compositions, around thelotransport properties of the_mapgamtes. Thus, the under-

critical value x,=0.80—0.90, where the CMR effect is Standing of the CMR properties in these oxides, and espe-

observed® In fact, for x<x,, there exist charge ordering Cially their optimization, requires the knowledge of the

(CO) phenomena of the Mii and Mrf* species together Magnetic phase diagrams of several serie& of,AMnO;

with antiferromagnetic insulatingAFMI) state, whereas for Perovskites.

X>Xx., ferromagnetism(FM) or cluster glasgCG) appears In this paper, we present the magnetic phase diagrams of

concomitantly with charge delocalizatiometallicity). Thus, ~ four different series of manganités, _,A,MnO;. The first

for x¢;, @ competition between CO-AFMI and FM phenom- series Sm.,CaMnO; (labeled SmCa which corresponds

ena is observed, and the AFM state can be collapsed into tHe low (ra) (1.132-1.18 A and small o* (<538

FM metallic state by applying a magnetic field, so that anX 10~ *A?), exhibits CMR only on the electron doped side.

insulator to metalIM) transition is induced, leading to the The second series Pr,CaMnO; (PrCa, characterized by

CMR effect. the absence of size mismatch, i.e., a constap} value
Although this description is oversimplified, it emphasizes(1.18 A), shows CMR on both sides, hole doped and electron

the great differences which exist between the®Mand the doped regions. The third series, SmSLEMnO; (SmS,

Mn** rich sides of the solid solution, so that the properties ofwhich corresponds to large ») values(1.132-1.310 Aand

the hole doped side cannot be simply transposed to its elethe highest o7, value (7.9<10 *A?), exhibits CMR

tron doped counterpart. This can be easily seen on the phaggainly on the hole doped side, i.e., foranging from 0.20

diagram of La_,CaMnO; that has been previously to 0.52. The fourth series, Pr,Sr,MnO; (PrSp, character-

publishedt®!! ized by largerr,) values(1.18-1.310 A and smaller size

0163-1829/99/6(17)/121919)/$15.00 PRB 60 12191 ©1999 The American Physical Society



12 192 C. MARTIN, A. MAIGNAN, M. HERVIEU, AND B. RAVEAU PRB 60

mismatch ¢2,=4.2<10"3A?) than the SmSr line, also ” .
shows CMR, mainly on the hole doped side, i.e.,Xaang- S L]
ing from 0.25 to 0.55. Based on magnetic and transport mea- - 7 Teo 10s
surements, we discuss herein the evolution of the ferromag- i /N .
netic and antiferromagnetic regions versus chemical wb 7 O
parameters ¢2,(r ,)) and manganese valencgarrier con- Lo? ] < E
centration and natujeln order to allow a comparison, the & wolb | & 15 3
series La_,CaMnO; (LaCag first studied by Schiffer - [/ | =
et all® has been completed on the fnrich side, showing ol Te g' N, 5
the existence of CMR in both the hole and electron doped f //"/ — = /f/.‘m
sides. sl _ ? < © los

[ = Q M R

[ - O \

Il. EXPERIMENT ol R ALY
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
The preparation of these polycrystalline samples, in air at x (Sm,,Ca,MnQO,)

1500 °C, has been reported elsewHeté*®For both cal-
cium series, Sm.,CaMnO; and Pi_,CaMnO;, it was FIG. 1. Magnetic phase diagram for the SCaMnO; series.

possible to study the O<x<1 lines, whereas for the @ M, andA are forTc, Tco, and Ty, respectively. The gray
L,_,SrMnO; series the solubility line is limited to O<Ix symbqls and dashed line are the magnetization values_registergd at
<0.9. In fact, it is necessary to modify the synthesis proce-4'2_K in 1.45 T. The two hat_ch_ed zones represenF the intermediate
dure forL; _,Sr,MnO; with x=0.9 (by using Ar flow at high regions, and the CMR domain is noted by arrows in the upper part.
temperaturgto obtain a perovskite exhibiting only a cubic
mode of the layer stacking alofd 11|, without any hex- less, a ferromagnetic insulatinggMI) domain is observed
agonal defective layers or complex polytypes as usually obfor x<0.35. The magnetization at 4 K increases wih
served in the SrMn@ s phases. To avoid to change the reaching a maximum value of 2.5 at x=0.20, and de-
synthesis conditions, the studies of the ,Sr,MnO; series  creasing abruptly agaifsee dashed line Fig.,).1This ferro-
are limited tox=0.9. On the opposite side, the=0 compo- magnetism, deduced from thé&(T) curves(inset of Fig. 2,
sitions, i.e., SmMn@and PrMnQ, are difficult to prepare as is not sufficient to allow a delocalization of the carriers, so
stoichiometric phases following our experimental conditionsthat even under 7 T, the resistivity behavior cannot be forced
so that these compositions have also been excluded. The pto metallicity and no CMR properties are obtained in this
rity of the samples has been checked by x-ray powder difregion.
fraction with a Philips diffractometer and by electron diffrac-  For 0.35=x=<0.80, the electron diffractiofED) study vs
tion (ED) carried out with Jeol 200CX and 2010 temperature shows that different charge ordered structures
microscopes. ED%energy dispersive spectroscomnalyses are stabilized at low temperature$< Tg).*® The as ob-
confirm that the cationic compositions are homogeneous anginedT o temperatures are in good agreement with the val-
close to the nominal ones; iodometric titrations show an oxyues deduced from th&(T) [Fig. 2(@)] and p(T) curves
gen content of @ [Fig. 2(b)], which evidence AFM states and activated as re-
The T dependence of the magnetizatidv) is registered sistivities. Thus, this charge ordered domain coincides with a
with a vibrating sample magnetometgzero field cooled large AFMI region, but unfortunately, values could not be
(ZFC) 1.45 T, from 4 to 300 Kor with a SQUID magneto- systematically determined from neutron diffraction due to
meter with the same field up to 400 K and the resistivity datathe neutrophagic character of samarium. Note Thgfis not
are collected on bars by a four-probe method upon coolingnaximum for the half-doped composition=0.50, but for
the samples from 400 K dowmts Kin 0 and 7 T. All the  x=0.60.
transition temperatures given in the following phase dia- For 0.86<x=<0.92, corresponding to the electron doped
grams have been extracted from thigT) curves. In some side (Mn** rich region magnetization values of abouju}
cases, their values are confirmed by electron and/or neutrait 4 K are showrjFigs. 2a) and 1. The magnetic state, as

diffraction versusT studies. revealed by ag measurements, is characteristic of a cluster
glass(labeled CG on Fig. flin this composition domain and
ll. RESULTS the p(T) curves show semimetallic behaviofps g
. _ <1030 cm for x=0.90, for instance, inset of Fig.(#®.%°
A. Sm,_,CaMnO;: A series with CMR properties At the frontier between the CG and CO-AFMI domains,

only on the electron doped side there exists a narrow range of composition-0.85) where

This series is characterized by lof,) values, ranging CMR properties can be obsen@dConsequently, two com-
from 1.132 t0 1.180 A, i.e., from=0 tox=1. The tolerance positions[x=0.90 (CG) andx=0.85(CMR)] have been se-
factor of these perovskites is always lower than 1 and indected for a neutron diffractiotND) study by using Siv2
creases with (calcium content These samples exhibit thus Both compounds exhibit a Pnma structure in the paramag-
highly distorted GdFe@type structures, that are favorable netic state at room temperature but the low temperature
for the charge localization and detrimental for the DE inter-phases are quite different. At 10 K, $mCa ggMnO3 exhib-
actions. Consequently, no ferromagnetic metallic state can bés a P2,/m space group associated withGtype AFM
detected in all the hole doped region, as shown from thetructure and SgyCa ogVINO; is characterized by a Pnma
magnetic phase diagram of this systéfRig. 1). Neverthe- space group with aG-type AFM structure with a FM
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FIG. 3. Magnetic phase diagram of the, PfCaMnO; line. V:
10° G—————eS the Ty, values determined from NERef. 22.
100 L g 0.90 ]
o | a ] obtained for the first system, in agreement with the larger
& (r ) values and the absence of mismatch. Correlatively, the
E 100t 0 0008 56 700 150 200 250 300] magnetic moment ta4 K is significantly higher for
é o L T(K) Pr,_,CaMnO; than for Sm_,CaMnO;, reaching a maxi-
= mum value of 3.7 atx=0.20(see dashed gray line Fig).3
101 0. As for SmCa, the combined ED and magnetic study
o0l shows that the PrCa system exhibits a large charge ordered
region, x extending from 0.30 to 0.80. Note that for this
109 ¢ 0.65 system, as in the SmCa series, the highgg value is ob-

tained forx=0.60 and not fox=0.50. The previous neutron
diffraction investigation® show that the AFMI state coin-
(0) T (K) cides with the CO domain, i.e., 0.3=<0.8, butTy<Tco
(see dashed black line with triangles on Fig. 3, from NPD of

FIG. 2'. @ .T dependent magnenz"."t'o(m) curves registered Ref. 22 and various magnetic structures are obse(@il in
upon heating in 1.45 T after a zero field cooling process for the

Sm,_,CaMnO; samples,x values &>0.7) are labeled on the theTrﬁlddle part. and)dtowards highx values. f thd*M
graph. InsetM(T) curves for FM compounds of this seriésith € magnetic and transport measurements of t n

smallerx values. (b) T dependent resistivitie§p) for the corre- rich side® flnally show the existence of a metglhc cluster
sponding series. Inset(T) curve for Sng,Ca, MnOs. glass domain(CG), for 0.89<x=<0.92, characterized by a
magnetization maximum around=0.90. This sample, stud-
component®? In both cases, the PM-AFM temperature 1€d by ND, exhibits, similarly to Sgy (2 ogVInO;, aG-type
transitions determined by the ND study are in good agreeAFM structure with a FM componest. _
ment with those determined on t(T) or p(T) curves. Though the(r ») value is not sufficient to obtain a FMM
For instance, for SgyCaygMnOs, the MI transition ob- Pehavior in the hole doped region, CMR effemﬁ;T mag-
served around 115 K corresponds to the coupled structur&)etic fields are observed in the 6:3=<0.45 rangé: ltmust
(monoclinic distortion and magnetidC-type) transitions? be pointed out that the largest effect is not obtained for the

These observations, in the SmCa system, are close to tho8St FM sampléx~0.2 from theM,  values on Fig. Bbut
reported previously by Jirak for Pr,CaMnO;.%? rather close tox=0.30, composition that lies on the border-

line between AFM-CO and FMI regions. This outlines the
B. Pr,_.CaMnO.: A series with fixed (r ») role of remaining insulating CO regions, that can be easily
T XX s A magnetically collapsed leading to an increase of the CMR
The identical size of G4 and P?' cations makes that effect. Lattice images obtained by electron microscopy on
(rp) is nearly constan{1.18 A) and there is a very low Pry:CaMnO; at 92 K clearly show the coexistence of
mismatch whatevex. Thus, this diagram gives a good idea small orderedCO) and not ordered regions. It is observed
about the role of the charge carriers for a smaflite cation.  that the transition between CO and not ordered regions can
Note, however, that, due to the BHMn** variation withx, be induced not only as a function @fbut also by electron
the cell volume decreases rincreases. The phase diagram irradiation, according to a mechanism proposed in Ref. 24.
of this series(Fig. 3) can be compared with that of the On the opposite side of this line, CMR properties are also
Sm,_,CaMnO; series (Fig. 1), which exhibits a smaller observed for MA™ rich compositionsx~0.87? for a narrow
(r ) value, i.e., a smaller tolerance factor, for a sswalue.  region of compositions, as in SmCaMnO;, between CO-
It can be seen that the FMI domain of this system is closAFMI and CG samples.
to that observed for SmC« ranging from 0.10 to 0.30. The great similarity of bothL;_,CaMnO; diagrams
Nevertheless thd: values are slightly higher than those (Figs. 1 and Bis related to their closér,) and A-site cat-

0 50 100 150 200 250 300
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FIG. 4. Magnetic phase diagram of the SmSr,MnO; line.

ionic size mismatch values. However the existence of CMR
properties on the MH rich side forL =Pr and their absence
for L=Sm emphasize the importance(of,) on the magne-
toresistance.

C. Sm,_,Sr,MnO 3 Appearance of a FMM state
in the hole doped region and CMR disappearance
in the electron doped one

The study of the two above systems suggests strongly that
(r5) should be increased in order to incred¥eand thus to
obtain a FMM state in the hole doped region. Such a condi-
tion can be fullfilled by replacing Ga by SP*. The perovs-
kites Sm_,Sr,MnO; correspond to large(r 5) values,(r 4)
increasing from 1.132 A fox=0 to 1.31 A forx=1. How-
ever, in this system the size mismatch is much larger than for
both aforementioned systems, reaching a maximum value of (b)
7.9x10 *A? atx=0.5.

The magnetic phase diagram of this sefi€ig. 4) shows FIG. 5.[010] ED pattern(a) and corresponding lattice image)

that the ferromagnetic domain has considerably grown, comfecorded at 92 K for SgrSio sMnOs. The black arrows indicate the
pared to SmCa and PrCa extending from0.10 to x superstructure reflectiorig; incommensurate positionprobing the
>0.5. Moreover, metallicity has appeared for samealues CO phenomenon. The small white triangle indicates a weak diffrac-

leading to two ferromagnetic domains, FMI with 0<8 :jion spot characteristic of the presence of a srhalll] twinned
<0.30 and FMM with 0.3&x<0.52. This extension of the “°Ma"™
ferromagnetism and especially the appearance of the FMM
state is explained by the increase(pf) and consequently of type and the other istype. Thel/P ratio increases witlx.
the Mn-O-Mn angle, i.e., of the band widW. Nevertheless At low temperature, 92 K, extra reflections are observed in
the T values are not much larger than those obtained for théncommensurate positiong=ig. 5@)] in the P-type areas.
SmCa and PrCa systems, remaining smaller than 130 K, ilthe modulation vector is parallel &@* with q=0.35a* for
agreement with the larger? values in the SmSr series. x=0.5. Note that the superstructure takes place along the
For x>0.6, the SmSr manganites differ fundamentallytwo equivalent 101], and[101], directions of the perov-
from the SmCa and PrCa series, in particular the cluster glasskite subcel(see black triangles, the satellites being indexed
behavior in the MA' rich region is never observed. In this using four indicesklm). The lattice imagéFig. 5(b)], which
region Ty measured on th&1(T) curve is larger than the consists in a bidimensional system of fringes, clearly shows
Tco values observed for the SmCa and PrCa systems artflat the superstructure is not perfectly established throughout
increases dramatically wifr ), culminating at about 380 K  the whole matrix, but that modulated domains coexist with
for x=0.80. It is not possible to date to discriminate thenonmodulated ones in the-type areas. These ED patterns
factors which goverrilry taken at the magnetization maxi- and lattice images evidence local cell distortions which are
mum. consistent with the local appearance of CO. By warming, the
For 0.4<x=<0.6 at room temperatur@RT), electron dif- positions of the satellites vary and their intensity decreases,
fraction shows that two structural types coexist within everyso that the positions of the satellites cannot be longer mea-
grain; both exhibit the same cell parametéas-c~a,v2 sured atT>Tcq. T¢o increases withx, from ~140 K for
andb~2a,) but different Bravais lattices, mainly one s x=0.4 up to 205 K forx=0.6. ThisT¢o Vs x dependence
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FIG. 8. M(T) curves(recorded in 1.45 Jof selected composi-
tions for the Py_,Sr,MnO; samples with 0.5x=<0.6.

FIG. 6. M(T) curves, in 1.45 T, for Sm. ,Sr,MnO; samples
with 0.40=x=<0.52. Inset: enlargements aboVig. showing the

small bumps linked to weak AFM transitions. state. Consequently CMR properties are obtained for 0.30

=x=0.52, the highest resistance ratios being achieved for
x=0.44, as previously reporté&d.
shows that the modulated phase exists over a rather jarge
range. Structural and microstructural study of these com-
pounds will be detailed elsewhere.

Consequently, the transition zone, sandwidched between The magnetic phase diagram of this series P8r,MnO;
the FMM and AFMI domains discussed above must be distFig. 7) is characterized, similar to that of $mSr,MnO;,
tinguished for 0.4x<0.6 (see hatched zone on Fig. #or by the existence of a large ferromagnetic domain extending
this domain lying close to the half doped composition, thefrom x=0.10 tox=0.50, in agreement with the large size of
magnetization curvegFig. 6) show the coexistence of two the A-site cations. As for SmSr we can distinguish two fer-
magnetic transitions ab decreases, PMI-AFMI and AMFI-  romagnetic domains, one FMI for Gsx<0.25, and one
FMM. Only a bump is observed on thé(T) curves corre-  FMM domain for 0.25<x<0.50. The largefT. values ob-
sponding to the PM-AFM transition in agreement with thetained for this system, compared to the SmSr manganites,
microscopy observations evidencing CO for only a part ofpriginates from the largefr,) values which generate a
the samples and a smooth transition from the CO to theargerw bandwidth and from the smaller mismatef.

D. Pry_4Sr,MnO 3 Comparison with La;_,Ca,MnO4

disordered state. Note that theBg values, though difficult For 0.50<x<0.55 a narrow transition zon€rig. 7) is
to detect on thesk! (T) curves, coincide rather well with the  gbtained, which shows the coexistence of two magnetic tran-
Tco Vvalues detected from electron diffraction. sitions PMI-FMM and FMM-AFMI. However, no satellites

In contrast to the SmCa and PrCa systems, the SmSr magre observed by ED between 92 K and RT, so that these
ganites exhibit metal-insulator transition in the hole dopedsamples cannot be considered as CO, the FMM-AFMI tran-
region. The |OWTC values allow Iarge resistivity values in sition temperatures on thd (T) curves are thus Ng tem-
the PMI state to be reached, just abolg, so that large peratures. In this regiofi,c decreases arifl increases as
resistivity decreases by several orders of magnitude are obncreases, so that the MiMn*" mixed valency must be
tained as the samples are cooled down beTevin the FMM  carefully controlled in order to go from the!(T) curve of

Pry 5051.50MINO3 characterized by two magnetic transitions
CMR PMI-FMM-AFMI to the unique PMI-AFMI transition of
: A A Pry 4Sth MNO; (Fig. 8). For x=0.50, the antiferromagnetic
138 structure that appears in this region is of a different
naturé®?’ from the one observed for they<CaMnO;
compounds with. = La,Pr?228:2°pr, S, MnO; exhibits an
A-type structure with a,2_,2 orbital ordering, instead of CE
type andd,2 orbital ordering for PysCa sMnOs.

For 0.55<x=<0.90, a large AFMI domain is obtained,
similarly to the SmSr manganites. Nevertheless, the evolu-
tion of Ty vs x is different. It keeps a rather constant value
for 0.55<x=<0.60 and then strongly increases reaching a
Jos maximum value of 285 K ak=0.75 (Fig. 7), i.e., signifi-

S J, A\ cantly smaller than the maximufiny value (380 K) obtained
©0 01 02 03 o4 05 06 07 08 08 10 for the SmSr manganitg§ig. 4). For these compositions, a
x (Pr,,SrMnO,) clear increase of the resistivity is observedTat[as exem-
plified Fig. 9a) for x=0.8] showing the localizing character
FIG. 7. Magnetic phase diagram of the, PySr,MnO; series. of the PMI-AFMI transition which may be attributed to the
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FIG. 9. (8 p(T) curves(H=0 and 7 T for Pry,SrpMnO;. (b) p(T) registered in magnetic fields of 0 and 7(fleld cooling for
Pr,_,Sr,MnO; compositions with 0.5x=<0.6.

d,2 orbital ordering into chains of thé-type AFM structure. In this system, CMR properties are observed for all the
It has indeed been shown fare=0.50 (Refs. 26 and 27and FMM domain, i.e., for 0.25x<0.50. However, for the
x=0.60 (Ref. 30 that the sameA-type AFM structure is 0.50<x=<0.55 compositions, characterized by two magnetic
obtained in contrast to Nd,Sr,MnO; which can exhibit an  transitions afTc and Ty, there exist two kinds of magne-

A or CE-type AFM structure in the same composition rangetoresistance. Neaf -, the resistivity is decreased by the
(x=0.50 and 0.5% In the region 0.6&:x<0.90, Ty, goes  magnetic field application leading to the same magnetoresis-
through a maximumT =285 K forx~0.75. The differenk  tance effect as for 0.256x<<0.50. The second kind of MR
dependence ofy between 0.55x<0.6 and 0.6.x<<0.9  occurs in theTy vicinity, the AFMI state can be molten into
may be related to a change of AFM structur&-&ype AFM  a FMM one by magnetic field application as shown for
structure is reported, for instance, for, R4St ggMnO3.2° =0.52 in Fig. 9b). Nevertheless, fox>0.55, the AFMI
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with x values limited to the electron doped region where CMR
properties are shown. = k
g 107 3
cannot be easily collapsed due to the lack of DE ferromag- & &
netic interactions, decreasing thus the MR effect as shown =
for Pry 4Sip eMnO3 [Fig. 9Ab)]. 102
The phase diagram of Pr,Sr,MnO; exhibits great simi-
larities with that of La_,CaMnO; previously established
by Schiffer et al,’®!! and that we have completed on the 09 oot Bt st
Mn“*-rich side(Fig. 10. The FM area in the LaCa system, ) TK)
subdivided into two FMI and FMM regions, extends simi-
larly over a wide range of compositions upste-0.49, and FIG. 11. (@ M(T) curves(in 1.45 T) of La,_,CaMnO; com-

the FMM region is also large (0.5x=<0.49)1% |n the  positions with 0.86x=<0.95.(b) p(T) curves(H=0 andH=7T)

FMM region of both series, PrSr and LaCa manganilgs, for Lag ;{Ca od\InOs.

increases first and goes through a maximum value around a

same hole concentration—=0.35—-0.40. It must be stressed domain, i.e., forx=0.90, a competition between FM and

that theT-=260 K maximum value for LaCa is higher than AFM is observed on thé/(T) curve[Fig. 11(a)] and con-

that of SmSrTc= 130K, though thér ») values of the latter sequently the CMR effect is obtained as shown from the

are larger. This is easily explained by consideringAkgite  p(T) curves under 0 and 7 [Fig. 11(b)].

cationic size mismatch which is much smaller for LaCa,

3.2x10 *A?, against 7.% 10 2 A? for SmSr, and thus fa-

vors the ferromagnetic state. By going from SmSr to PrSr, IV. DISCUSSION AND CONCLUDING REMARKS

(ra) increases whereas® decreases so thai. of the latter '

is shifted up, reaching thus values close to the LaCa ones, From the comparison of these magnetic phase diagrams of

though the(r ,) of the latter are smaller. L, ,A.MnO3; manganites, it appears clearly that there is no
The similarity of the FM regions for the LaCa and PrSr symmetry between the hole doped and electron doped re-

series explains why the LaCa manganites exhibit CMR propgions, concerning the magnetic and transport properties.

erties, in the FMM regions, i.e., for 0.£%=<0.50, as the The first important feature deals with the fact that ferro-

PrSr manganites (0.25x<0.55). In contrast to the PrSr magnetism appears systematically for low hole concentra-

oxides, the LaCa manganites exhibit a CO-AFMI region betions, i.e., forx close to 0.1 whatevet and whateverA,

low Tco. TheTco(X) of LaCa andTy(x) of PrSr curves are calcium or strontium. At this hole concentration, the manga-

characterized by a similar shageompare Fig. 7 with the nite is insulating. FoA=Ca, the FMI state extends over a

diagrams of Refs. 10 and LWith a maximum ofT (260  rather wide hole concentration range0.10-0.3% and is

K) around x=0.65 for LaCa(against Ty=285K for x  followed by the CO-AFMI region (0.35x>0.80), whereas

=0.75 for PrS). This difference, CO or not, is due to the for A=Sr the FMI-FMM transition is observed.

fact that(r ) decreases asincreases for LaCa, contrary to ~ The second remarkable point concerns then the appear-

PrSr. LargeA-site cations 1.18 to 1.31 A are obtained for ance of the ferromagnetic metallic state. The FMM state ap-

PrSr whereas the smalléesite cationg1.216 to 1.18 Ain pears only for a sufficiently large size of tiesite cation,

LaCa favor the CO structure. The LaCa system differs fromallowing a large bandW) to be generated and beyond a

the PrSr phase by the existence of a cluster glass domain @ertain value of the hole concentration. For this reason, the

the Mrf" rich side forx=0.9 (Fig. 10. The latter is similar SmCa and PrCa manganites which contain too sralite

to that observed for othek;_,CaMnO; electron doped cations have a too narrow band and do not form FMM do-

manganites(Figs. 1 and 3 requiring a small size of the mains, in contrast to LaCa, SmSr, and PrSr manganites. The

A-site cation. Thus, at the borderline of this cluster glassl¢ of these FMM manganites is always larger than that of
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the FMI phases. For these FMM phases a bell shaped curve 025
Tc(x) is systematically observed whatever thsite cations S 5Sto sMNO;
with a maximum atx=0.35-0.40, showing that the hole 020l Pro.58r0 sMnOs |

concentration plays a dominant role upba. This was first
shown by Jonkeret al. who found that forx~0.33 the
Mn®"-O-Mn** double exchange is the most efficiéhtEor
this criticalx value, (Tc)maxWill be the higher for largér )
and smaller? values as previously showtt6The homo-
geneity range of the FMM state is systematically limited for
the superior limit arounck~ 0.50, whereas, in contrast, the 0.05 |
inferior limit varies significantly with the nature of thiesite
cations fromx=0.17 for LaCa(Ref. 10 to x=0.30 for :
SmsSr. 000 50 100 150 200 250 300
The nature of the low-temperature phase, that appears for
higher x values &>0.50) is also an important topic. Two
kinds of behaviors must be distinguished, depending on the
size of the A-site cations. For smalA-site cations, i.e.,
L,_4CaMnO,, charge ordering phenomena appear, in the
form of Mn®*" and Mrf" stripes>?**3 and the CO region
coincides with the CE ofC-type AFMI domain withTcq
>Ty .22 The CO-AFMI state can start to develop in the hole
doped region competing with the expansion of the FMM
state, and extends in the electron doped region over a broad
composition range, as shown for instance in the SmCa series
for which the CO-AFMI state extends from~0.4 to x
~0.80. The second kind of behavior, which is observed for
the series of larger catioris, _,Sr,MnO; corresponds to the
disappearance of the CO state on a broad range of composi-
tion in the electron doped region. For the lardesite cat-
ions, there exists a particular zone in the phase diagram (o) T(K)
around the half doped compositiorn 0.5) where two mag- ) .
netic transitions coexist. This is the case of SmSr and PrSSrn:'G' P?Z'Sr(a'\)ﬂng(zgm‘;fé‘;?;; [)egéstlegeinénog'?;) T('T)for
_Srys<teTms, which S.how an opposite behavior WNP Tc and cur\)fe,sXHLO)ofE’or thg Sng.s—x' Pl Sih sMNO5 series and thg(T)
n=Tc, respectively. As a result, SyE51, sMnO; is a fer- curve withH—=7 T for x’ = 018
romagnetic metal beloW .= 100 K, whereas BrSry sMnO5 "
is a ferromagnetic metal only betwedi (260 K) and Ty
(150 K). These results show clearly that in this region, the
magnetotransport properties can be drastically changed only
by replacing praseodymium by samarium or vice versa. Thighatrix which may indicate a phase segregation. Such an ob-
viewpoint is confirmed by the study of the solid solution Servation may be of great importance to support the phase
SMy 5.4 P/ Sty sMnO;. Starting fromx’ =0, a clear increase Segregation scenario predicted by Morebal** for the
of T¢ has indeed been observed ®s increases. This is Mn** rich compositions in the LaCa system on the basis of
illustrated by theM (T) andp(T) curves(in 0.01 T) of some theoretical calculations.
samples(Fig. 12, T becoming larger thanly for x’ These phase diagrams allow the compositions for which
=0.15, so that a CO-AFMI state is induced at low tempera-CMR effect will appear to be predicted. The coexistence of
ture for these composition as shown from magnetic and EDerromagnetism and metallicity is a very important factor for
studies, in contrast with th&-type AFM of PgsSipsMnO3  the appearance of MR. Thus, in hole doped regions, CMR
(x"=0.5). This great influence df ») upon the appearance effects will be obtained in the whole FMM domains corre-
or disappearance of FMM and AFMI state in this region is atsponding to large(r,) values as shown for SmSr, PrSr,
the origin of the existence of CMR effects, the CO-AFMI NdSr, and LaCa manganites. For each series, the best effect
state being easily collapsed into the FMM state under a mags obtained for a composition range which(is,) dependent.
netic field as shown from thg(T) curves under 0 and 7 T In the same way, CMR will be obtained for smétl,) val-
for x’=0.18[Fig. 12b)]. ues, in the electron doped region close to the cluster glass
The appearance of ferromagnetism concomitantly withregion,x~0.82—0.90, where FM and AFM are competing,
metallicity in the electron doped regigrn>0.85 for SmCa, i.e., for SmCa, PrCa, and LaCa manganites. Finally, the
x>0.9 for LaCa is also a remarkable result, showing that CMR effect can also appear at the boundary of the FM state,
such a phenomenon can only appear for sralte cations in the hole doped charge ordered state, provided that the
(in the LnCa series In this composition range, the com- latter is metastable due to the small size of the interpolated of
pounds exhibit a cluster glass behavior and the NPD studthe A-site cation(close to 1.18 A as shown for PrCa man-
has evidenced a ferromagnetic component B-ype AFM  ganites (0.36&x=<0.45).

M (ug / mol Mn)

Smg 35Prg.185r0,sMNO3
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