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We have characterized the RT structure of BSr, ,sMnO5; by means of electron diffraction, synchrotron
x-ray, and neutron powder diffraction. These data evidenceahai~ \/Eap andc~2a, average structure
presents a modulation that doubles ¢hendc lattice parameters. The temperature evolution of this compound
above RT has been investigated using magnetization, calorimetry measurements, and neutron powder diffrac-
tion. These data reveal that the superstructure disappears alfof®e K where a structural transition takes
place. Susceptibility data show that, concomitant to the formation of the superstriariwceoling, there is an
enhancement of the effective paramagnetic moment as has also been found in other Bi-(Sr,Claigvinth
manganites. The observed features and cell evolution signals that a new type of charge and polaron ordering
occurs at this composition.
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[. INTRODUCTION by Goodenough was initially corroborated by means of syn-
chrotron x-ray powder diffraction® and later on by means
The phenomena of charge orderif@O) and the forma-  of neutron powder diffraction® but, in both cases, data were
tion of modulated structures is one of the most studied phet€fined imposing hard constraints. Usually, two features are
nomena in mixed-valence manganites ; (R\,MnOs,R taken as unquestionable signs of the presence of CO. The
— rare earth A=Ca,Sr). From the early study of Good- first one is the presence of superlattice spots or peaks in

enough, in half doped manganites, CO has been understo e&lfctron—dlffractlon and powder diffraction patterns. These

h | deri t Rfnand M- i formi Pots or peaks signal the existence of a subtle supercell
as the real-space ordering of Mnand M ions forming @ qqyjation superimposed to the average cell of shorter pe-

Wigner .crystall, in & way similar to the Verwey transition in jo4 The second one is the stabilization, at low temperature,
magnetite’. It has been argued that there are mainly two enuf 5 CE-type antiferromagnetic structure. When the doping
ergy terms contributing to the stabilization of CO: the mini- jeve| x is not the ideal value 1/2, a great asymmetry between
mization of the Coulomb repulsion, and the reduction of theunderdoped(excess of MA") and overdopedexcess of
elastic energy coming from the accommodation of the Jahnmn**) cases has been extensively reported in the literature.
Teller distortions of MA" ions due to orbital ordefOO, an  In the former case it has been interpreted that the excess of
ordered occupancy af,2 or dy2_y2 €4 orbitalg concomitant e, electrons are randomly located in the Mn places occupy-
with CO. Generally, CO/OO states compete with ferromag-ing d,2 orbitals perpendicular to the planes. This implies that
netic metallic(FMM) states. The latter are favored by the the superstructure formed does not change with respect to the
reduction of the kinetic energy of, electrons when their x=1/2 case. Thesé,. orbitals introduce a ferromagnetic
mean free path enlarges. As far as the bandwidth ofethe coupling between the planes that stabilizes plseudeCE-
electrons is governed by steric effects, the Mn-O-Mn bondype magnetic structureln contrast, in the overdoped re-
angle governs the transfer integral  betweengion, the excess of holes changes continuously the propaga-
e4(Mn)-2p,,(0)-e4(Mn) orbitals®* The mean size of R and tion vector describing the superstructdf&his drives to the

A cations (R,)) is thus governing the competition between characteristic charge and magnetic order for the rational
CO/O0 and FMM states. The ionic picture of CO proposedvaluex = 2/3.1112
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Although the ionic picture of CO (Mt /Mn**) pro- ing the mobility of Mn ey electron through Mn-O-Mn
posed by GoodenougtRef. 1) is, at present, widely ac- bridges?®
cepted, a series of papers, both theoretical and experimental, With the objective of exploring the unknown phase dia-
evidencing the deficiencies of this picture have appeared. |gram of Bi_,SrMnO; family, we present here an investi-
fact a first indication that this ionic picture must not be com-gation of the temperature-dependent electronic behavior of

pletely accurate can be found in Radaelli's work where thePi34ST/MnOs. Based on electron diffraction and neutron
reported Mn-O bond distances for Bfnand M+ are more and synchrotron powder-diffraction measurements up to 750

T o . K, our data confirm a singular behavior of ;g&r;;,,MnNO,
similar than expected This disagreement with the hypoth- compared to any othersgA,,,MnO,. The results obtained

esis of Goodenough CO model can also be found in othefre giscused in the framework of CO and ZPO models.
works refining the superstructute® In some of these works

the situation is even worse and the same size for hypothetical Il. EXPERIMENTAL DETAILS
3+ + o : ; ;
Mn®" and Mrf" is obtained. Other evidences against the A polycrystalline sample of Bir<St,,MnO, has been

co p|cture_ are the xray .absorpt|on near-edgg St.rucmrgynthesized by sol-gel method. Stoichiometric quantities of
Wher.e a unique edge is fourfitistead of two thus indicating Bi,O; (99.9%, Quality ChemicalsMnO, (99.99%, Quality
a unique valence of Mf: _ . Chemical$, and SrCQ (99.99%, DIOPMA were dissolved
Very recently, with the aid of single-crystal neutron- jn concentrated nitric acid. The solution was then gellified
diffraction data, a new picture has been depicfed® The  according to the acrylamide polymerization metRddnd
CO model proposed by Radaetdit al. in Ref. 5 fails in the  subjected to self-ignition. The quality of the sample was ini-
refinement of these data. Interestingly, the successful refingially checked by laboratory x-ray powder diffraction. The
ment indicates thag, electrons are not confined in a single sample is very well crystallized and only very small traces
Mn ion (ruling out the Mi* configuration but they are (less than 2% of Bi,O; and MryO, (hausmannite have
located in a Mn-O-Mn triad with a quite open Mn-O-Mn been detectet?
bond angle. These two neighboring Mn ions thus present a Thin specimens for transmission electron microscopy
mixed valence state 3:5. The shared electron couples fer- Were prepared simply by crushing the sample with an agate
romagnetically both Mn ions through the double exchangdnortar and pestle. Crushed fragments were mixed with alco-
Zener mechanism forming a Zener polal@®). These ZP’s hol, and the small flakes deposited on a holey carbon film,
are spatially ordered, thus forming a ZP order@PO) supported on a copper grid. The reconstruction of the recip-
phase. This order naturally induces the characteristic strudc@l Space was carried out at room temperature with a JEOL
tural modulation of the so called CO phase. The formation of00CX €lectron microscope, working at 200 kv and
the CE-type magnetic structure is also explained by thi€duipped with an energy dispersive spectrosd&iyS) ana-
model, but it implies a high amount of frustrated bonds. ForyZer- o
the underdoped region the scheme proposed by the same Neutron powder diffractionNPD) measurements were
group is quite amazing. For that region, it is proposed thafarried out on the D2B high-resolution diffractomettL,
two ZP's placed in consecutive stacking plarfese above ~Grenoblé in the 10 collimation mode using=1.594 A. -
the othey decompose forming two M ions and one zp Data were collected at several temperatures on heating:
pointing in between the planéé.Each ZP formed by this 300,500,525,575,600, and 750 K. Synchrotron x-ray powder
mechanism(called ZR, because it points te axis in the diffraction (SXRPD measurements were done on the BM16
P bnmsetting introduces a FM coupling between four con- Ultra-high-resolution  diffractometeESRF, Grenoble A
secutive planes, and the formation of Mnreduces consid- SPOt wavelengthh =0.540092(1) A was selected with the

erably the magnetic frustration. The consequence is the stglouble-crystal SIL11) monochromator and calibrated with
bilization of the pseudo-CE structure found in the Si NIST. In order to minimize the x-ray absorption due to the

underdoped regiof® More recently, by means of resonant high abs.orpt@on coefficient of the compoynd, the samp_lg was
x-ray-diffraction measurements, an incomplete charge disMixed with diamond powder and placed in a thin borosilicate
proportionation MA®2-Mn35+? with <0.5 has been pro- glass capillary ¢=0.3 mm). For both diffractomete(®2B
posed but, in fact, authors were not able to set a lower limig"d BM16, the instrumental resolution function was ob-
of 5.19 tained from a pattern of N&aAl,F4.

Besides this general new ZPO picture, other recent unex- Magnetic measurements have been done in a Quantum
pected findings related to the CO, and to the effect & 6 Design superconductlng quqntum |nterfgrence device magne-
lone pair of BF* ions, were found in Bi-Sr manganites. Al- tometer under an applied field of 1 T in the range 300 K
though BF* presents an ionic radius similar to that ofl'a <T=660 K. Differential scanning calo_nmetr(;DSC) mea-
the ground state of BLSK, sMnO; is still controversial. Its Surements have been performed using a TA-Instruments
transition temperatureTo of T,po=525 K, the greatest commercial calorimetefmodel 2920 using a temperature

ever reported in half doped manganjtesd structural char- "@mPp 0f =5 K/min.
acterization suggest that thes%lone pair is only weakly

screened in this compouri®?! a situation different, for in-

stance, t0 Bj:CaMnO; (Tco=2325 K).2%?2 Theoretical Figure Xa) shows the temperature dependence of the DC
studies indicate that when the lone pair is weakly screeneshagnetic susceptibility and its inverse. A clear anomaly can
6s-Bi orbitals can hybridize with @-O orbitals thus reduc- be appreciated to stain cooling at 600 K. This anomaly is

Ill. RESULTS
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FIG. 1. (a) Temperature dependence of the susceptibiljpy ( FIG. 2. (@) [110] room temperature ED pattern showing the
and its inverse. The straight lines are the best fit of the Curie law foextra reflections characteristic of the superstructure at¥ngThe
the regions above and below the transitifin. DSC thermogram reflections are indexed in thebmm cell. (b) Indexation of these
showing the exotermic and endothermic transitions on cooling andpots. Italics correspond to indexation in the supercell.
heating, respectively. A small hysteresis can be observed.

) ) | cell (0.04 refers to the maximum deviation with regard to the
accompanied by a change in the slopexof” curves. By  ayerage composition The reciprocal space was recon-
fitting Curie laws above and below the transition we havestrycted at RT by tilting around the different equivalent
found a change in the effective paramagnetic moment anE’lOO]’F‘, and [110]% directions of the perovskite sub-cell.

Curie temperatures fromues=4.68(4)Jug/Mn and 6c  This study evidences complex ED patterns, observed for all
=+217(5) K (T>610 K) 10 uet=5.26(2)ug/Mn and fc  the crystallites. The system of intense reflections is charac-

_ 25 g ;

=+104(1) K (T<575 K).”” An increment of the effective aristic of an orthorhombic distorted perovskite sub-cell with

moment in the low-temperature phase is a characteristic feaa-%b% J2a, andc~2a, (a, is the parameter of the ideal
P p \cp

ture of half doped manganites exhibiting CO, and a propepe oyskite celt: the conditions of reflection found are
interpretation was given in the framework of the ZPOyp | \.n1k+1=2n: Okl: kI=2n: hol: h+l=2n: hoo: h

model'* Qualitatively similar changes in the effective mag- —on- 0kO: k=2n" 00l: | =
netic moment have also been reported ! i o
Bios(Cay—,SK)MnO; for y=0,0.33,0.67 and 1° The
calorimetry results are displayed in Figbl, which shows
the heat flow obtained when cooling and heating the sampl

" - fhe subcell of Bj 5S15.sMNnO;, which exhibits at room tem-
through the transition found bY su_sc_eptlbmty data. A mode_r- erature a supercell related to CO/ZP3! Besides the main
ate hysteresis of about 10 K is visible between the heatin

g i h be ad tely | ots, attributable to thlecentered orthorhombic structure, a
and cooling processes. Tese CUrves can be adequately i<, set of weaker extra reflections is observed in the ED

grated thus revealing an entropy chanige=0.25(1R. patterns collected at RT. In order to index them, a doubling

of both thea and c parameters is necessary, i.e., the param-
eters of the supercell ara~2\2a,, b~\2a,, andc
The composition determination was performed by quanti=~4a,. The observed reflections also imply that there is no
tative EDS analysis using a variable spot size and averagingendition limiting the reflections. The occurrence of this su-
over a large number of crystallites. The cationic analysis evipercell is illustrated in Fig. @), showing thg 110] pattern,
dences a very slight loss of bismuth during the synthesis, buand in Fig. 3a), showing the[001] pattern. Both patterns
the ratio[ (Bi+ Sr)/Mn] remains very close to the nominal are equivalent t§001}% of the perovskite unit cell and are
value. The mean value of the actual cationic composition isndexed in thel bmm (subcell. Schematic drawings of the
Big.71+0.085%0.29+0.04, Calculated for one manganese per unitpatterns are given in Figs(l® and 3b). The indexation of

4 2n. These are consistent with
M bmm (n. 74 andl bm2 (n. 46) space group$SG). Lattice
parameters are similar to those reported for
Lag sCa MnQO3,° and also to those previously reported for

A. Electron diffraction
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FIG. 4. Joint Rietveld refinement of SXRPD and NPD in the

FIG. 3. (a) [001] room temperature ED pattern showing the | bmm SG. The second line of reflections corresponds to SS peaks
extra reflections characteristic of the superstructure afngThe  and the third one to the MO, impurity.
reflections are indexed in tHdbmm cell. The two small lines point
to weak reflections coming from a twinnifd 10] oriented domain.  1.5(1)%]. Therefinement of the Bi/Sr relation also evi-
(b) Indexation of these spots. Italics corresponds to indexation irdences a small lose of Bi. The composition obtained by the
the supercell. joint Rietveld refinement of NPD and SXRPD data is

Big.70+0.02510 30+ 0.0dMINO3, in agreement with EDS analysis.

the reflections in the supercell are indicated in italics. Thidt is worth mentioning that SS spots in Fig. 2 are indexed
supercell is similar to that reported for BBr,sMnO;.°

Besides the superstructui®S), the complexity of the ED
patterns is reinforced by the existence of multiple small twin-
ning domains, generated by the orthorhombic distortion of
the subcell. This is illustrated in Fig.(& where two very
weak extra reflectiongshown by white linesare generated
by the presence of a tinyl 10] oriented area in the001]
matrix.

(a)]

G(I/z 11/2]

o3

Intensity (arb. units)

B. Synchrotron x-ray and neutron powder diffraction 20 (deg.)

The results shown above are confirmed by the joint Ri-
etveld analysis of NPD and SXRPD data collected at RT.
These data can be jointly refined usihpmm SG (Rg
=4.9%), x>=2.0 for SXRPD data an®z=5.1%, y*>=1.7
for NPD data, but not usingd bm2 SG. The refined patterns
are shown in Fig. 4the regions of the SXRPD pattern where
the diamond peaks are localized have been removes
gether with the(subcell reflections a large number of SS C
reflections can be observed. These have been successfully - 0
indexed as satellites of the medammm structure using
propagation vectork; =(300) andk,=(303%) (second line
of reflections in Fig. % An enlarged view of the SXRPD FIG. 5. (a) Small portion of the SXRPD pattern at RT. The two
pattern showing two SS peaks, and their indexes, is plotteemall SS peaks shown are indexed using the two propagation vec-
in Fig. 5a). In addition to these peaks, those correspondingors used(b) Thermal evolution of the integrated intensity of NPD
to a small impurity of MRO, (hausmanniteare also marked (300) SS peakKleft axis) and of the (212)-(122}oublet(violat-
in Fig. 4 [the quantitative analysis renders that its fraction ising thel centering, normalized to that of the most intense peak.
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centered, several peaks violating the k+1=2n reflection
condition are found at high temperature. These peaks disap-
pear below 575 K as shown for (2 1 2)-(1 2 2) doublet in
T v Fig. 5(b). The structural details obtained by the Rietveld re-
Lt M A e, i L finement of NPD data at different temperatures are reported

NPD

[\

=

=]

=
T

1000

i l 19 120 140 in Tables | and II. Figure (& shows the temperature evolu-

tion of the lattice parameters. When entering the low-
1 |ﬁ*ﬁn% 1 II%I;ﬁII‘IIIIIII.\I.I‘IEII III:II IIIIIIII III:II i n te,mperature phase’ incre_ases QOﬂSiderably Whl[e and,c

e - | slightly decrease. The anisotropic evolution displayed is very

10 a5 80 115 150 different from that found in half doped manganitegpically
20 (deg.) that of La, sCay sMnO3) (Ref. 5 wherec strongly decreases

) anda andb slightly increasdin the P bnmsetting; and also

FIG. 6. Rietveld refinement of NPD data®t 750 K. The inset different from that reported in underdoped manganifes

. 9 . .
shows the high angle region in detail. Data have been refined usinfgStance Ry7Ca MnO;).” In contrast, the evolution is very
P bnmSG. Similar to that reported for LaMnwhen going through the

0O transitior?’

From Table Il no significant differences are found be-
properly with the propagation vector (0;0. We have not tweendyn.o; and{dyn.o2) in the studied temperature range.
detected in the powder-diffraction patterns superstructurdhis contrasts with the highly anisotropic evoluti¢strong
peaks with this propagation vector. This is consistent withapical compressignof Mn-O bond distances in half doped

the weak intensity of SS peaks in Fig. 2 when compared witinanganites.In the present case, such an anisotropic evolu-
those in Fig. 3. tion could be hindered in the average structure, and would

etry measurements, the situation is quite different. The NpCNal evolution of(dyn.o) bond length, Mn-O1-Mn, and Mn-
diffraction pattern at 750 K can be satisfactorily indexed©2-Mn bond angles are shown in Figby. It evidences that

with a tetragonal a=5.53631(5) A andc=7.8118(1) A when enFering the low-temperature phase, the ylo@ahe-
primitive Iatt%ce, ([and no supe(rlglttice reflections aEre) fo]und.dron shrinks and that the Mn-O1-Mn bond angle becomes
These reflections disappe@n heating at about 575 K as is more bent while Mn-O2-Mn is straightened. In contrast with
shown in Fig. §b). However, the refinement using tetragonal the usual snyatlon in rare-earth manganites, the mobility of
SG's were not satisfactory. The metric of the sample isSg €lectrons is not directly govezn_ed by the Mn-O-Mn angle
pseudotetragonal but the symmetry is clearly orthorhombic(@though{Oun.o.un) is near L1677 in BysSiosMnO; at RT,

The data aff = 750 K can be very well refined usi'rg\g ortho- this compound is insulating

rhombic Pbnm SG [with a=55386(2)A, b

—55310(2) A, andc=7.8183(3) A, which rendersRs V- DISCUSSION

=6.4% andy?=1.8], as shown in Fig. 6. It is worth men- The whole set of results presented indicates that there is a
tioning that although at low temperature tkgubcell is | localization ofe, electrons below about 600 K to give an

=

Intensity (arb. units)

TABLE I. Structural details obtained by Rietveld refinement of NPD and SXRPD data at RT and from
NPD data aff =500,525,575,600, and 750 ¢average structuje For | bmm SG, Mn is on a & (% 00)
position, Bi/Sr and O1 are one4(x 0 7) position, and O2 on a@ (3 7 z) position. ForP bnmSG, Mn is
placed on & (% 0 0) position, Bi/Sr and O1 onad(x y %) positions, and O2 on a generad §osition.

Temperature RT 500 K 525 K 570 K 600 K 750 K
SG Ibmm I bmm I bmm P bnm Pbnm P bnm
a(A) 5.542446) 5.545518) 5.546977) 5.52742) 5.52542) 5.53862)
b (A) 5.499075) 5.5095%8) 5.511217) 5.516%1) 5.51761) 5.531G2)
c A 7.7702210) 7.78171) 7.78321)  7.801G2) 7.80432) 7.81833)
V (A3 236.8232) 237.7567) 237.9316) 237.8§1) 237.931) 239.5@1)
Bi/Sr X 0.006%3) 0.00396) 0.00426)  0.0021) 0.0042) 0.0041)
y 0 0 0 —0.0075(8) —0.0091(8) —0.0081(8)
01 X 0.5581)  0.56088) 0.55968)  0.5491) 0.5532) 0.5501)
y 0 0 0 0.0191) 0.0191) 0.0191)
02 X 3 3 3 0.2701) 0.2731) 0.27129)
y 3 3 3 0.27587) 0.274G8) 0.27558)
z 0.03465) 0.03314) 0.03254) 0.03276) 0.03176) 0.02797)
Rg (NPD) 493 6.04 6.10 6.69 7.28 6.37
e (NPD) 1.74 2.08 1.84 1.85 1.98 1.75
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TABLE Il. Interatomic bond distances and angles found by Rietveld refinement of diffraction data at
different temperatures.

Temperature RT 500 K 525 K 575 K 600 K 750 K

SG Ibmm I bmm I bmm Pbnm P bnm P bnm
dyn-or (A) 1.96909) 1.97448) 1.97377) 1.9721) 1.97%1) 1.97711)
(dmn-02) A) 1.97046) 1.97124) 1.97114) 1.9774) 1.9764) 1.9774)
{(dmn-o) A) 1.96997) 1.97235) 1.972@5) 1.9753) 1.9763) 1.97713)
(dBi,S,_o>'X(A) 2.6863) 2.6903) 2.6943) 2.6718) 2.6718) 2.68717)
Ovin-o1-mr(°) 161.194) 160.333) 160.733) 162.0%34) 161.955) 162.6%4)
Onn-02-mn(°) (X 2) 164.292) 164.982) 165.272) 162.42) 162.21) 163.42)
{Onn-o-mm (°) 163.263) 163.432) 163.7%2) 162.32) 162.12) 163.21)

ordered pattern. The first main observation from this studyyhich matches very well with the value founds&y
relies on susceptibility data. We have measured an enhancec-5_26(2)#B/Mn. From an ionic CO picture one would ex-
ment of g at the transition as predicted by the formation of pectug}feor=4.62(4),uB/Mn. These data indicate that below
localized ZP in the low temperature phaSeQualitatively g K many paramagnetic units are not single Mn ions. The
the value ofu found above the transition is consistent with 5t that there aréalmos} no deviations ofy ~* curve from
aﬂ@;fture of MR and Merj” [in a ratio 0.714):0.294)]  the Curie law evidences that these units do not change sig-
Meif =4.62(4)up/Mn  [puciP=4.68(4)us/Mn]; and the pificantly between 300 and 600 K. The CO/OO picture pre-
value found below the transition matches the value that ONgjcts Strong FM Coup”ng inside the FM Zig_zag chains of the
can expect for the coexistence of ZP and Wlrions pro-  CE magnetic structure abovEy. This could drive to an
posed in Ref. 17. To assess this, let us assume that a fraCti%{bparenweﬁ larger than the mentioned value 4/62/Mn,
a of the manganese ions are in the- dralence statéwith  pyt the value would display a clear temperature dependence.
S=2) and the resfa fraction (1-«)] form ZP (with S |t must be mentioned that a “double-rows-type” contrast was
=7/2). So, for eaclw Mn** there will be (1- @)/2 ZPs. To  reported in Ref. 26for BiysSrsMn0O;) and interpreted as
find a it is enough to consider the mean valence of Mn ions,an a|te|’nating arrangement of ﬁ/l"'n and p0|arons in tha-b
which will be 3Xa+3.5%X(1-a). So, in the present plane.
case[average valence 3.29] it must be «=0.42(8) and From high-resolution NPD and ultra-high-resolution
then per= Va(uM™ )2+[1- a/2](uZ)2=5.32(6)ug/Mn  SXRPD data, our Bj,Sr,,MnO; sample corresponds to a
single, well crystallized phase even below the ordering tem-
perature, where we have observed no evidence of phase
e separation or segregation. To be emphasized is the fact that
< coexistence of two phasdat RT) has been always found
when studying other compositions of the; BiSr,MnO; se-
ries such ax=1/2 orx=2/32%?8This is an indication that
the present composition is particularly stable and far from
the next most stable composition giving a homogeneous
long-range-ordered phase. The well defined structural transi-
tion gives rise to a modulated structuas observed by ED,
SXRPD, and NPD at Rithat, in the light of the magnetiza-
tion data, appears to be more consistent with an ordered pat-
1.975 tern of Zener polarons and the remaining40%) manga-
Q nese atoms in the Mi state than with a pure coexistence of
— Mn3* and Mrf* ions (CO mode). The ordered structure
1.97 >~ doublesa andc lattice parameters of thsubcell. Concomi-
tant with the ordering there is a completely unexpected an-
isotropic evolution of cell parameters, characterized by a
200 4§0 6(')0 750 1.965 marked expansiolon cooling of a, and a small compres-
T (K) sion of b and c. We recall that a similar evolution of the .
lattice parameters has been recently reported to occur in

FIG. 7. (a) Anisotropic temperature dependence of thebcell Biy/sSrsMnO;, which shows a doubling db and c lattice
lattice parameter§left axis and evolution of the unit-cell volume Parametergin the | bmm setting.”® These similarities and
(right axig through the transition. On cooling, the great expansionthe proximity of both concentration(®.29 and 0.3Bindicate
of a contrasts with the small shrink df and c. (b) Temperature that probably both compounds present the same type of or-
evolution of Mn-O-Mn bond angle and Mn-O bond distances fromdering. This drives us to the question of which is the ideal
Table 1. doping for the present ground state. It must be mentioned

Cell Parameters (A)

w
in

5.54f

5.52f

Cell Volume (A
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that the structural changes are more pronounced in thsponds to the average structure but not to the {super-
present case and that the structural modulation persists up jstructure, and a definitive picture of the electronic redistri-
higher temperature (it disappears at 500 K for bution cannot be drawn precisely.
BisSr,sMN0s). 28 In addition to this, DSC measurements on  This new type of ordered structure is more stafite on-
Bi,sSr,sMnO; render an entropy changAs=0.20(1)R  set temperature is 600)Khan that of BjsSrpsMnO; (with
smaller than the value found in the present cqdes  onset temperature 525Kt must be noted that this new type
=0.25(1)R]. So, we are led to conclude that the degree ofof ordered structure has not been reported in rare-earth based
order is stronger in Biz4Sh29aMnO; than in  manganites, which, in general, are ferromagnetic and metal-
BiysSnsMnO;. Namely, the imperfections, attributable to lic or present phase separation, in this compositional range.
the nonideal stoichiometry, are smaller in the former than inThus, it is the fact that bismuth strongly favors the localiza-
the latter. Consequently, the ideal composition for this newtion of e, electrons that allows this structure to be formed.
order or electronic configuration is closerxe-0.29 than to
x=0.33. V. CONCLUSIONS

Now we concentrate on key aspects of the structural _. . o
changes. ED, SXRPD, and NPD data show that the SG de- 8;0.71(4)Sr0.29(4)|\/|n03 ﬁ'sﬁlays an ordgred localization of
scribing the average structure changes fiefanm charac- &y electrons at a very high temperatilthe onset tempera-

teristic of ana*b~ b~ rotation of MnQ octahedrdin Glaz- ture, from Fig. la_), IS TZP.O.ZGQO K, the h|ghest ever re-
er's notation, to | bmm resulting ina% b~ rotation of ported. The ordering transition is characterized by a change

octahedr&® on cooling. The whole set of structural modifi- in the SG describing the average structure and by a modula-

cations accompanying the transition to the new electroniéIon of the low-temperature phase that doutiemdc lattice

hase is completely different to that reported forparameters of the orthorhombfsubcell. This transition is
gil/szl/zMn% ar?d toythat usually found in mimganites. also accompanied by a considerable enlargemeatlattice

. ; . . parametefwhile b andc shrinkg, by the contraction of the
hhen entering the GO phase-on caoling. This svalution con O bond distance, and by the benditapening of Mn-
trasts with the characteristic expansion of Mn-O mean disor M1 (Mn-02-Mn) bond angles. It is likely that the same

P type of order is also present in Bi,Sr,MnO; with x=1/3,2°

tance during electronic localization in manganites and othe ut the present compound is closer to the ideal stoichiometry

transmon-meFaI OXIdeS.- However SL.JC.h a contraction haL?or this type of order. On the other hand, the structural evo-
been found in other bismuth containing manganitein

contrast with thex=1/2 case, the electronic reorganization lution ‘evidences important differences between the order
. ' N ; gan| found and that of half doped BiSr, MnO;.2%! The order
taking place whery electrons localize in a single Mn ion or T

form polarons is not reflected in the Mn-O distances foun ound 'S stronger [Tzpo(Bio.7:51,2MnOs)

by fitting the average structure. In tixe=1/2 case the basal anLZSCéE g);i%d\t/lhlosg dsar:jdéa:pn clgnégaésst r\llgtths;hg(r:tgﬁ]to wo
(dun-o2) bond length is significantly larger than the apical X ' P P

Ay os bond lengt®3 In the present case there are no dif- macroscopic phases at the ordering transition. In order to

ferences between these lengths. This dissimilarity can be e)%iraw a more detailed picture of the order established at
plained by either the formation of ZRalongc axis) or, in zpo, future research, involving the study of the magnetic

the ionic picture, the stabilization af.e orbitals (along ¢ order at low temperature, is needed. Such description must
i P ’ 2 . 9 help us to understand how the polaron ordering takes place
axis). In both cases one must expect an apitigl.o; bond

distance larger than in the=1/2 case. It is of interest to In this type of underdoped compounds.
underline that, in the present cagle structural transition
does not consist in a slight modulation of the orthorhombic
P bnm high-temperature phase (as commonly found in CO Financial support by the MECGrant No. PB97-1175
manganites) but in a more pronounced structural transfor-CICyT (Grant No. MAT99-0984-C03-0land Generalitat de
mation that involves a marked symmetry change of the aveCatalunya (Grant No. 2001SGR-00334, PICS2001)}22
age cell Corroborating this fact, the number of observedprojects is acknowledged. C.F. acknowledges financial sup-
superstructure peaks is larg@nd their intensities highgr port from MCyT (Spain. We thank ILL and ESRF for the
than in most common CO Mn perovskites. Unfortunately theprovision of neutron and synchrotron x-ray beam times, re-
description available below the ordering temperature correspectively.
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