PHYSICAL REVIEW B VOLUME 62, NUMBER 10 1 SEPTEMBER 2000-I1

Structural study of the electron-doped manganites S;,Cay jMNO 53 and Prg 1Srg MnO 3:
Evidence of phase separation

C. Martin} A. Maignan, M. Hervieu, and B. Raveau
Laboratoire CRISMAT, UMR 6508, ISMRA, Boulevard du &g Juin, 14050 Caen, France

Z. Jirk
Institute of Physics of ASCR, Cukrovarnickd, 16253 Prague 6, Czech Republic

M. M. Savosta
Donetsk Institute of Physics & Technics, Rozy Luxembourg 72, 340114 Donetsk, Ukraine

A. Kurbakov and V. Trounov
PNPI Orlova Grove, Gatchina, Leningrad district, 188350, Russia

G. Andreand F. Boure
Laboratoire Len Brillouin, CEA/Saclay, 91191 Gif-sur-Yvette, France
(Received 20 January 2000; revised manuscript received 17 April) 2000

The investigation of two perovskite manganites with the same carrier concentration of 0.1 electron per Mn
has been performed using neutron powder diffraction and electron microscopy, and completed with transport
and magnetic measurements. For 388 qMnO;, whatever the temperatuérom 2 to 300 K, a unique
crystalline structurgPnmaspace groupis observed. The magnetic state beldy=T-=110K is phase
separated, consisting of ferromagnetic domains of different sizes ranging from small clusters to macroscopic
regions, which are embedded in an antiferromagn€étitype matrix. The high conductivity observed in
Smy 1Ca gMnO3 at low temperature is established through a percolation of the ferromagnetic domains. At
room temperature, the structure of the analogous compoun&gMnO; is cubic (Pm3m space group At
low temperature T<200 K), this manganite exhibits a complex microstructure, consisting of an intergrowth
of G andC-type antiferromagnetically ordered layers, both from tetragbfled cmstructure, with appreciable
lattice distortion. In agreement with the insulating behavior of;8 gMnO5 at low temperature, no ferro-
magnetism is observed.

I. INTRODUCTION situation encountered in the hole-doped perovskite mangan-
ites. For instance, 16% and 20% of Knin the Mr®™ matrix
The exploration of the electron doped manganitesare required to reach a FM metallic state in the
Ln;_,CaMnOj; has shown the existence of colossal magneia,_,SrMnO; and La_,CaMnO; serie§® whereas only
toresistancéCMR) for x values close to 0.85, i.e., for doping 10% of Mr™ in the Mrf™ matrix are sufficient to obtain an
level of 0.15 electron per Mtformally 15% Mr**), varying jtinerant behavior, as for S§aCa, gMNOs.5 This absence of
with the nature of the Ln catichThe previous neutron dif- symmetry between hole- and electron-doped manganites is
fraction investigation of Sgy{C& sMnO; has evidenced, at 5150 evidenced by the size effect: for a FM ¥Mrrich com-

low temperature, a mixture d& and C-type antiferromag- 4,nq, the Curie temperaturd () increases with the aver-
netic (AFM) phases associated wiBnmaandP2,/m crys- ageA-site cationic size (f »)), %!t in contrast to the Mh'

talline structures, respectivetyin the ph{ise denoted as_the rich manganites where smal,) values favor the FM state.
G-type by Wollan and Koehlér (which prototype is . :
Lo : : Furthermore, the FM-like behavior of electron-doped
CaMnQ,), each Mn ion is surrounded by six Mn neighbors Co . .
samples is original and is rather characterized by a cluster

whose spins are antiparallel to the given ion. In @&ype ; R :
b P g b glass signature the magnetization increases with the elec-

arrangement, all atoms have two ferro- and four antiferro doning i hi iabl | f
magnetic nearest neighbors, leading to ferromagn@id)  Fon doping in CaMn@ reaching an appreciable value o

chains which are AFM coupled. The CMR properties of 800Ut 1ugper Mn site for 10-12% M, instead of the
Sy 1:Ca gMnO; have been attributed to the coexistence oféxpected 3.4g. For higher doping level, th&-type phase
both magnetic arrangements and to the closeness of theWsappears at the benefit of Gtype one. Such particular
Ty's which allow aC to G-type transition by applying a behavior, forx~0.90, has motivated a detailed structural and
magnetic field of only few teslds. magnetic study of the LgyCa, jMNO; manganites.

It is of importance that thé&-type AFM phase in these The present paper deals with the structural study versus
electron-doped manganites allows a ferromagné€Edl)  temperature of the compound §i€a MnO; and, in less
component to develop for some critical doping level of aboutextent, of analogous compoundyRCa MNnO5 in connec-

5% Mne™.14~7 This result is in marked contrast with the tion with their transport and magnetic properties. The results
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TABLE |. Summary of structural parameters for ${@a, MnOs.

@
(1) Crystallographic data for SgCa; jMnO5 at room temperature
SG:Pnma V=210.47 &
a=5.3101(1) A
b=7.4893(1) A
c=5.2924(1) A

X y z BA?)

(Ca, Sm —0.03393) 0.25 0.00665) 0.592)
Mn 0 0 0.5 0.122)
(o} 0.51032) 0.25 —0.06693) 0.502)
0, 0.28721) —0.03411) 0.71231) 0.431)

R,=3.73,R;=2.34
(2) Selected interatomic distancéa A) and anglegdeg

Mn-O, 1.906(1)x 2
Mn-O, 1.911(1)x 2
1.913(1)x 2
Mn-0,-Mn 158.304)
Mn-0,-Mn 157.2G4)

(b)
(1) Crystallographic data and ordered magnetic moments fgy;S8 MnO; at 10 K

SG: PnmayV=209.31 &
a=5.3051(1) A
b=7.4734(1) A
c=5.2793(1) A

X y z BA?)
(Ca, Sm —0.03652) 0.25 0.005%5) 0.292)
Mn 0 0 0.5 0.081)
O, 0.51132) 0.25 —0.06782) 0.251)
0, 0.28761) —0.03491) 0.7115%1) 0.241)
R,=4.59,R;=1.94
m(G)=2.10(1)ugllz MagneticR=2.19
m(F)=1.17(3)ugllz ory MagneticR=4.80

(2) Selected interatomic distancéa A) and anglegdeg
Mn-O; 1.903(1)x2
Mn-O, 1.909(1)X2
Mn-O3 1.912(1)x2
Mn-O,;-Mn  158.024)
Mn-O,-Mn  156.684)

on Py ;SI, MnO; are also reported, in order to compare themetric proportions. The powders were first heated at 1000 °C
structures of calcium and strontium systems which exhibiwith intermediate grindings and then pressed in the form of
very different magnetotransport properttésWe show pellets. They were then sintered at 1500 °C for 12 h in air
herein that the low temperature phase of ;308 MnO;  with a slow cooling down to 800 °C and finally quenched to
and PgCa gMnO; consists of aG-type antiferromagnetic  room temperature.
matrix containing fe.rromagnetic cl_usters, which cqalescence As previously reported, the synthesis of, B, MnO;
leads to a percolation path and is thus responsible for thfeegs more precautions to obtain a single cubiclike perov-
_metalllcny. In contrast, for RyStoMnO;, we (_)bserve an - skite phase, without hexagonal polytype deféétStoichio-
intergrowth of G and C-type AFM structures, without ferro- metric amounts of RO, SrCO, and MnG were thor-
magnetism, in agreement with the insulating behavior of this ughly mixed and helalt,ed in :Ar flow at 1000°C. The
compOl_Jnd at IOV\;. temp_eratu:ce. TEe results—structurej angowders, pressed in the form of pellets, were then heated at
properties—are |rsT given for It € %HE?O-E’MU% an 1500 °C for 12 h, and slowly cooled down to room tempera-
Pro1Sl MnO; samples separately and then discussed ©fyre in Ar flow. These pellets were annealed at 600 °C during
gether. 12 h under oxygen pressure (R€L00b).
Il EXPERIMENT _ The x-ray data, iodometric titration and the EDShergy

dispersive spectroscopy analyses attested that the

The Sm, 1Ca, gMnO5; sample has been prepared by mixing compounds are monophasic, and exhibit homogeneous
MnO,, CaO, and SpD; (with isotope Sri? in stoichio-  compositions, close to the nominal ones:
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FIG. 1. Sm ,Ca jMNO3; NPD pattern, recorded on tlig41 dif-
fractometer at 2 K(The symbols are for the experimental plot and
the line for the calculated one. The upper set of Bragg sticks is for
the nuclear phase, the middle one for Beaype AFM, and the

lower one for the FM. 0 . h " : .
0 50 100 150 200 250 300
LNo.10-0.04Ca, S¥o.90:0.0MNO3 00+0.02 T (K)
Neutron experiments were carried out at LlL(Baclay,
France on the G41 diffractometer X =2.4266 A) to evi- FIG. 3. Pp,Ca MnO;: Temperature dependence of the lattice

dence the structural and magnetic evolution versus tempergarameters and volumgipper pant and of the G-AFM and FM
ture. The samples were first cooled and the powder diffracmoments (lower pary. The moment in minorityC-type phase,
tion patterns were recorded, fro2 K to room temperature Which is formed below 125 K, is also shown.

(RT) by steps 65 K over an angular range ¥26<97°. _

Additional patterns using the T2 diffractometer §  PY USing therULLPROF program.

=1.227 R) were registered in the range629<125° at 10 The resistivity measurements were performed from room
K for both samples, at room temperature for the Ca-baseffmperature down to 5 K, by the four probe method and the
compound and at 350 K for the Sr-based one in order to be j@gnetizations were registered on warming with a vibrating

the paramagnetic state. The diffraction data were analyze?@MPle magnetometer, in 1.4 T appli¢did after zero field
cooling. The high-temperature susceptibilities were regis-

tered with a Faraday balance.

5.310 . . , : , 210.5
—~ 5.305} Ill. RESULTS
L 5300 12100
o $ The analysis of the high resolution neutron diffraction
Z 529 12095 > patterns recorded at 300 and 10 K leads to the structural
'Ql 5.285 ¢ ' parameters summarized in Table I. At room temperature, the
© 5280
c T w r T . T . 0.04
5.275 : ; : ‘ . 209.0 1.0 |- Pr Sr MnO
0 50 100 150 200 250 300 9 3
3 /[\
= J0.03 ¢
Smy ;Ca, MnO; = VRN =
3 2f AFM-G 5 N 5
3, QL o5 Sm__Ca__MnO 1002 Q
= 0 01709 3\ o
FM
= 2 - s
= Pro.1C8 MO, "~ Joor =
0
0 50 100 150 200 250 300 0.0 ' L 0.00
0 50 100 150 200 250 300 350 400
T (K)
T (K)
FIG. 2. Sm 1Ca gVInO3; Temperature dependence of the lattice
parameters(upper panel, left scale of the cell volume(upper FIG. 4. Temperature dependence of the magnetization for the

panel, right scaleand of the average magnetic moments refined forSm, ;Ca, MnOs, Pry ;Ca gMNO; and Py 1Sty MnO; sampleq1.45
the G-AFM and FM componeni$ower panel. T, zero field cooled



PRB 62 STRUCTURAL STUDY OF THE ELECTRON-DOPED. . .. 6445

400 T T T " 202
150 =

—_ Pr. _K___MnO E Pro.1Sr0.sMnO3

: 095 005 fg_.&"\d 100 S ...-:: 1 10 220

300 H 3 s I
GEJ E e | 002 200 004
50 e i
- = f\ P 112 211
. 1—..-'. A N
~ 200 _ 0 - T [
CED 0 50 100 150 200 250 .‘_,.‘,-'}.é C { nuclear ! b
o AFM i | 1" | 1 no [ ' [

~ T o Sm0 1Ca0 9MnO3 " nuclear . ‘ ¥
x100 r y ) ) N G {Q\FM | 1 n ' | il 1 [ 1 vl
\ 5 n 1

™ Pr, ,Ca, MnO, 19 3 47 61 75

0 A4e s ] ) | ) 1 26 (deg)
0 200 400 600 800 )
FIG. 6. NPD pattern collected 2 K for Pry ;Sry MnO; (experi-
T (K) mental and calculated plotghe Bragg sticks are, from top to bot-
tom, for theC-type phasénuclear and magnetic lineand similarly

FIG. 5. Inverse susceptibility versus for SmyCa MnO; for the G-type one.

(squarek Pry 1Ca gMnO; (triangles, and for Pg oK oMNOzinthe  contains 6-7% of the monoclini€-type phase of the
inset. P2,/m symmetry, with ordered moments oriented along the
elongated[1 0 —1] diagonal directionim(C)=2.6ug per
Smy ;Ca, MnO; sample shows the perovskite structure ofMn sitel, in agreement with the previous results on the
Pnmaspace group, common for all the $;yCaMnO, se-  C-type phase observed in 3RCe ggMnOs. _
ries. The MnQ octaedra are nearly regular, with Mn-O dis-  The isothermal magnetization curvés(H), registered
tances and Mn-O-Mn tilt angles similar to With OSH<5T on Sm;Cq¢MnO; have already been
Smy 1:Ca gMNOs. The low-temperature structures are, how- reportec® At 10 K, the magnet|zat|qn first jumps atlug in
ever, different. The marked monoclinic distortion of Only 0.5 T but does not saturate in 5 T. More recently, the
Sy 1:Ca gMNO; below 125 K and the magnetic lines asso- M(H) data q?ve been coII_ectgd up to a maximum applied
ciated with theC-type AFM have disappeared. Instead, thefield of 45 T.” The magnetization shows only a very weak
Smy 1Ca MNnO; compound preserves iBnmaregular struc- linear increase in high fields and thus no tendency to achieve
ture and exhibits a particular magnetic order: a mixture of3-1 /g Per Mn, as expected for fully aligned spins. The tem-
the G-type AFM structure with a FM componefTable ). ~ Perature dependent magnetizatdifT) measured in applied
The temperature dependence of cell parameters and magnefield of 1.45 T (Fig. 4) gives for Sng;Ca MnO; and

moments in Sm,Ca, MnO; has been determined using the Plo.1Ca dMnO; similar ferromagnetic moments of about 1.0
G41 patterns(see Fig. 1 forT=2K). The results are re- g Per Mn; the closeness of this value with the FM moment

ported in Fig. 2. At about 110 K, the FM and AFM compo- 'efined from neutron data will be discussed later. The mag-
nents appear simultaneously and only a small decrease Rgtization vanishes dtc=110K and a concomitant increase
observed on the temperature dependent VOIWTE) curve, of the ?leCFriC reSiStiVity i.S Observed, in agreement with the
which in fact corresponds to a decrease of thandc pa-  Scattering increasgsee Fig. &)]. The temperature depen-
rameters and an increase of thene. A similar anisotropic  dence of the inverse susceptibiliy *(T) is also a suitable
contraction is encountered in the analogous compounEP0| to characterize the magnetic state and thus to complete
Pr, ;Ca, MnO; (Fig. 3. It should be noted that these volume the neutron diffraction studies. The *(T) curves of the
effects are too subtle to be associated with any observabrlectron doped SmCa MnO; and Pg,Ca MnO; com-
change of distances or tilt angles. Absence of structural trarPounds are displayed in Fig. 5 and compared with the sus-
sition in the Srg;Ca, MnO; sample has been confirmed by ceptibility of a hole-doped manganite with a comparable car-
the electron diffraction study. Furthermore, the bright fieldfier concentration, namely the sample 8K osMnOs. This
images showed that no twinning phenomena were generatéu)le doped manganite exhibits a true canted structure as evi-
at low temperatures. This behavior excludes the presence §gnced by reorientation phenomefidhe antiferromagnetic
the monoclinic phase, which would be reminiscent of thecomponentA-type) achieves 2.6dg and the ferromagnetic
Sy 1:Ca, s MnO; low temperature structure-t one 1.0%5," which are very similar to the determined mo-
The magnitudes of the magnetic moment determined froninents for the SgnCa gMnO;z sample. Though these mo-
neutron diffraction data on the $nCaMnO; and Mments are similar for both electron- and hole-doped manga-
Pr,sCa, gMNO; samples are practically identical and they nites, thex ™ *(T) curves strongly differ at low temperature
show similar temperature dependencies—more continuoué curvature and an ideal Curie-Weiss behavior are observed
for the m(G) component and more step-like for the(F) respectively, indicating that the ferromagnetism of the fin
one. The antiferromagnetic moments(G) are oriented rich compounds does not come from a canting.
along the shortest orthorhomidRnmaaxis[001]. The ferro-
magnetic momenm(F) is oriented either along001] or B. ProsSfoMnOs
[010] axis, but the first case yields a slightly better fit for ~ The analysis of the high resolution neutron diffraction
both compounds. In addition, the RCa gMNO; sample  patterns recorded at 350 and 10 K fop Bry gMNO5 leads to
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TABLE Il. Summary of structural parameters forgR®ry gMNOs.

@
(1) Crystallographic data for R§Sr, MnO5 at 350 K
SG:Pm3m, V=55.72(222.88) &

a=3.81951)A
X y z BA?)
Pr, Sr 0.5 0.5 0.5 0.50)
Mn 0 0 0 0.252)
O 0.5 0 0 0.721)

R,=4.55,R;=2.24
(2) Interatomic distancegn A)
Mn-O 1.910(1)X6

(b)
(1) Crystallographic data and ordered magnetic moments {Q{SRyqMnO; at 10 K

SG:l4/mcm
X y z BA?)
Pr, Sr 0.5 0 0.25 0.19)
Mn 0 0 0 0.013)
(o)) 0 0 0.25 0.4%4)
0, (C-type) 0.26334) 0.756334) 0 0.412)
0, (G-type) 0.2503) 0.75Q3) 0 0.412)
42% C-type a=5.3605(3) A V=221.54 8
c=7.7099(6) A m(C) =2.97(7)uyliz
58% G-type a=5.3655A V=220.99 &
c=7.6763(5) A m(G)=1.78(6)ugl z
R,=8.02
C-type R;=6.22
Magnetic R=8.60
G-type R{=6.39

Magnetic R=7.54
(2) Interatomic distancegn A)

in C-type phase irG-type phase
Mn-O; 1.927(1)x 2 1.919(1)x 2
Mn-O, 1.898(2)x 4 1.897(2)x4

®The fit (R,) can be improved significantly using anisotropic temperature factors.

the structural parameters summarized in Table II. At 350 K;180°. It should be noted that the fit of 361, ;MnO5 at 10 K
the compound shows a cubRm3m perovskite structure. can be improved significantly using the anisotropic tempera-
Similarly to the previously studie@-type antiferromagnet ture factors. They show exceptionally largeomponents,
Pry 1:S1 ggMnO3,2 the low temperature structure is tetrago- both_for oxygen and cati_onic sites. Such a situation was not
nally elongatedspace groug4/mcny. However, the high ~Previously encountered in the homogene@type system
resolution data, taken at 10 K, reveal that this sample conF.155%.esMNOs. _
sists of two crystallographit4/mcm phases, with slightly .The temperature dependence of lattice parameters, deter-
different lattice parameters, associated withand G-type mined from theG41 patternsﬁhe 2 K record is given in Fig. :
AFM arrangements. The results in Tabléoli show that the 6), re_v_eals a complex behavior of the stfuctural and magnetic
= transitions in the RrSry jMnO; sample(Fig. 7). Essentially,
MnOs octahedra in the low-temperatuf@type phase are ihe cubicPm3m phase is retained down te200 K. Never-
stretched with Mn-O axial ratio of 1.016. There is a rotationtheless, a detailed profile analysis of the patterns evidences a
of the octahedra along the crystallograph@01] axis by  yvery small amount of a distorted phase with éype mag-
3.0°, which leads to the Mn-O-Mn angle in the basal plane ohetic arrangement, arising just below RT. This may be iden-
174.0°. Thisc-axis rotation and Mn@distortion are slightly  tified to regions in the sample with larger electron carrier
lower than those observed in th€-type phase of concentration. Namely, the tetragonal distortion, which can
Pry.1551hegMN0O5. A significant stretching of octahedra ap- be determined with certainty at about 240 K where fraction
pears, due to lattice distortion, also for tetype domains of the distorted phase achieves 3%, is markedly larger than
(axial ratio 1.011 The structural refinement does not evi- the distortion at helium temperature and reminds the value
dence any significant octahedral rotation. Apparently, theobserved for the BrsSr ggMnO; compound. The fraction
Mn-O-Mn angles in theG-type domains are very close to of the C-type phase increases slowly with decreasing tem-
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FIG. 7. Temperature dependence of the refined crystallographic
parameters of BrSrKpMnOs: Cell parametergupper panel and 0 100 200 300
magnetic momenténiddle panel for both phasescoupled withC (b) T(K)

and G-type AFM) and ratio of both phasgsower panel.

FIG. 8. Resistivity versus temperature for the SpCaMnO;
perature and reaches 8% at 220 K. Below this temperature, @ and P§_,SrMnO; (b) series. Thex values are labeled on the
tetragonal distortion develops also in the main cubic phaseraphs.
and, at the same time, the fraction of the minoi@type

antiferromagnetic phase starts to increase more rapidly ango\y that there is no cationic phase separation at the nanom-
saturates to 42% at about 170 K. Thetype ordered mo- oo gcale. Furthermore, the neutron diffraction refinement of

rr;ents,t nggéﬁ at 40 I'<|',h arg torienteci_falong the tt_etrago_nal the Pr/Sr occupation factors at 350 and 10 K, independently
elongated[001] axis. The G-type antiferromagnetic main for both crystalline phases at low temperature or together,

phase appears n a_rather diffuse way, as ShOW” (@) leads to similar results: the differences observed on this Pr/Sr
versusT curve in Fig. 7, and the corresponding moments, . . .
ratio are within the experimental errors.

1.7 10 K icul h 1 T .
axiSMB at 10 K, are perpendicular to the tetragopa01] The M(T) curve (dashed line in Fig. shows a typical

At this stage of the characterization, it is of first impor- decrease beloviy~200K, as expected for an antiferromag-
tance to determine whether the biphasic magnetic state dfet- The magnetization of only 0.g4 per Mn, observed at
Pr, 1St gMnOs is due to a cationic segregation. The compo-'OW temperature, exclgdes the presence of _S|gn|f|cant ferro-
sition and structural homogeneity of the sample was thughagnetic component in thé-type domains, in contrast to
investigated in detail by the EDS technique coupled withSM.1Ca MnOs. The discrepancy between B8, MnO;
electron diffraction by varying the size of the analyzed areasand Smg ,Ca ¢MnO; is further manifested in the electronic
It is determined that even at the scale of selected areas offxoperties, as shown from th&T) curves of Fig. 8. The
few tens nanometer wide, the Pr/Sr ratio is highly constantesistivity of Pg 1Sry gMNnO3 exhibits first a steep increase in
and corresponds to the nominal one, in the limit of accuracyhe 200 K region, associated with the occurrence of the
of the technique. Thus, the maximum deviation from nomi-C-type distorted phase, followed with further localization at
nal composition measured on several tens of crystallites ithe lowest temperatures. In this respect, the absence of steep
0.02, i.e., P§10+0.05% 90-0 02MN. Compared to the analyses resistivity increase for the less doped manganite
usually obtained in such complex oxides, the cationic distri-Pry ¢Sty ggMNO; [Fig. 8b)] is consistent with a decrease of
bution can be considered as homogeneous. These resutte C-type phase fraction in that compoufitb% at 10 K.
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TABLE IlI. Lattice constants(in A) for Sy ;&Ca,gMNO; (from Ref. 2 at 10 and 110 K and

Pry.1Srp.gMnO; at 10 K, in doubled cells.

Sy 15C3 gMNO;3 Sy 15C & gMNO;3 Pro.1S.gMnO3
10 K 110 K 10 K
7.4547 7.4629 7.5809
C-type 94% 7.4432 64% 7.4499 42% 7.5809
7.5942 7.5870 7.7099
(8=90.28°) (8=90.28°)
7.5005 7.5023 7.5880
G-type 6% 7.4826 36% 7.4839 58% 7.5880
7.5005 7.5023 7.6763
(8=90.30°) (8=90.30°)

IV. DISCUSSION AND CONCLUDING REMARKS

The present study of electron doped manganites rais
two important questions: what is the microscopic nature o
the coexistence of th&-type antiferromagnetic and ferro-
magnetic components in the §fCa MnO3 systems, and
why is ferromagnetism absent in thé-type phase of
Pry.1Sr5.gMNO3?

and 0.975%° which shows indeed a superposition of signals
from the majority antiferromagnetic and minority ferromag-

e]nsetic regions and by the above mentioned shift of the resis-

tivity anomaly with applied magnetic field. This observation
suggests that the resistivity drop below=T,=110K
comes from the ferromagnetic regions in the sample. Within
the inhomogeneous + F model, the neutron data should be

Concerning the latter problem, it is useful to compare the'@calculated with respect to those given in Taklle) land
lattice parameters observed at 10 K with previous high resoPresented, instead, in terms of volume fractions. The amount

lution neutron diffraction data of SgnCa, ggMnO; at 10 K
and 110 K2 which also exhibit different mixtures of the

of the long range ordered FM domaifreflected in the mag-
netic diffraction) can be estimated te:15%, supposing that

andC-type phases. It is seen in Table lll that, irrespective ofthe manganese moments reach the theoretical limit of

the G-type phase fraction in $§qCa ggVInO3, the G-type

3.1ug. On the other hand, moments in tBtype matrix

lattice parameters are pseudocubic and incompatible wittay be lower, due to the Mn@3-O(2p) hybridization and

any parameter of the distorteZitype cell. This means that

cancelling of the spin density on the oxygen site. A value of

the intergrowth of both phases within one crystal grain is2.6ug is a reliable estimation based on the neutron diffrac-

unlikely or otherwise it would involve detectable structural
effects. In contrast, theG and C-type phases in
Pry 1Sty MNO3 show very close parameters, and the unex-
pected tetragonal distortion of th&-type structure strongly

tion data of Wollan and Koehler on CaMg@® In that case,
the antiferromagnetic phase would occupy65% of the
sample. The remaining 20% is assumed to be occupied by
ferromagnetic clusters not detected by neutron diffraction but

suggests that both phases are elastically coupled. Taking intehich can be easily polarized in a weak external field. In
account also the large anisotropy of temperature factors, wetal, about 15% of long-range ordered domains ar&0%

conclude that the RESK MnOjs structure should be re-
garded as an intergrowth of tl@ and C-type (0 0 1) layers.

of clusters are responsible for the observed net magnetization
of about 1.Qug at the helium temperature.

This intergrowth could be viewed as a microscopic phase The origin of ferromagnetism in the antiferromagnetic
separation, coming from a room temperature homogeneouS-type matrix can be understood considering the early idea

system® Moreover, the enhancement of tletype volume
with a steep increase of the-type ordered moment below

of Goodenougft that the electron carriers, in low enough
concentration, are trapped by potential of trivalent Ln cat-

~200 K (Fig. 5 suggests that some electrons are expelledons. In this framework, the extra electron added by the Ln

from the G-type regions and that they stabilize tRetype

substitution is shared in a cube of eight Mrions—four of

ordering in other parts of the sample. In the low temperaturgpin up and four of spin down in the ide@Htype arrange-

G-phase of Ry;SrpgMnO;, both the large local distortions

ment. In the dilute limit, such octants (8 ¥h+e™) are

caused by the intergrowth and the electronic separation rdsolated in the lattice and the electron is localized in a ran-

duce necessarily the itinerancy of manganggelectrons.
Concerning the ferromagnetic component in Baype

dom position with reversal of one Mh spin. With increas-
ing doping, the randomly distributed Ln centered octants

phase of calcium systems, a homogeneous canted mode fofrm clusters in which the extra electrons are no more iso-
the G,F, coupling was proposed in the recent neutron dif-lated, giving rise to the electron itinerancy and persistent
fraction study of Hg ;Ca, ;MnO5.1° On the basis of present ferromagnetism according to the double-exchange mecha-
high resolution neutron diffraction data on §i€& MnO;  nism. This means that the average size of the metallic ferro-
and Py 1Ca gVMInO5 and considering new arguments, we sug-magnetic clusters will depend critically on the Ln concentra-
gest an alternative model consisting of an inhomogeneouson, i.e., on the electron doping level, in accordance with
mixture of antiferromagnetic and ferromagnetic arrange{previous observations! For a real knowledge of this local
ments (the magnetic two-phase modél,+F,). The most ferromagnetism, a more complex analysis of the NMR spec-
direct evidence comes from a preliminary NMRuclear tra of the Ln_,CaMnO; manganites in the range
magnetic resonangstudy on Py_,CaMnO; (x=0.9, 0.95, =0.90-1.0 is absolutely necessary.
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In conclusion, the low temperature state of the electrorcharacterized by large averagesite cationic size ()
doped systems with about 10% Rfn injected by the LA*  =1.297A) and A-site cationic size disorderof=1.52
for Ca¢* substitution in CaMn@ involves ferromagnetic re- x10-3A2) values!®™?® Finally, although two different
gions in theG-type antiferromagnetic matrix. The ferromag- magnetic phase$G-type antiferromagnetic and ferromag-
netically ordered spins form regions of various sizes and tonetic ong have been evidenced in the ${€a, gMnO5 com-
pologies, from small clusters and dendritic objects to largefound a unique crystallographic phase was identified. This is
3D I’egiOI’IS detected by the neutron diﬁraction. The h|gh|n contrast to Pdlsr0.9Mn03 Where theG and C_type anti_
conductivity observed in thesg-type systems could be es- ferromagnetic arrangements are associated with two crystal-
tablished through the coalesceffoef the larger metallic do-  |ographic phases. These electron doped manganites present

mains, which contgn(%15%) is close to the percolation thys two different examples of the magnetic and electronic
threshold (~16%).™ In the strontium based system phase separations.

Pry 1Stp MnO;, the AFM ordering appears at temperature
well above theTy of Sm,Ca MNnO; and is thus more
stable. Moreover, the large distortions of tBeype domains
imposed by the intergrowth with th€-type phase do not
allow the charge delocalized ferromagnetic state to develop. Two of us(Z.J. and M.S.acknowledge the financial sup-
Consequently, the absence of ferromagnetism can be apeort of the Grant Agency of the Czech Repuli@rant No.
cribed to the particular microstructure of this compound,202/99/0413
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