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We present electron diffraction and high-resolution electron microscopy measurements characterizing the
structure of a Bi-based layered manganite. The crystal structure,ef®% ,dMn;0,4 is orthorhombic andh
centeredspace groupp2,22), with lattice parametera=b=0.55 nm andc=2.78 nm. High-resolution elec-
tron microscopy reveals a well-defined 4310-type layered structure, identified as a member of the Bi-based
Ruddlesden-Popper series witls 3.
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[. INTRODUCTION pronounced CMR has been recently found in
Lay_ 2A; 4 2MN,0; (n=2) for 0.2<x=<0.5*%° Enhanced
Manganese oxides have stimulated considerable scientifiow-field MR was initially reported in La,Sr gMn,O;,
and technological interest because they present the colossahich is related to the lowering of the metal-insulator tran-
magnetoresistand€MR) effect, whereby the magnetic field Sition temperature under fiel[doncomitant with the onset of
induces huge changes in the electrical conductiviiiore- ~ magnetic ordering™®® Moritomo et al. reported a 20 000%
over, they exhibit other fascinating physical properties due tR (Tc=129K, H=7T) in La, ;Sr gMn,0;.* Moreover,
strong correlation effects between phononic, magnetic, an@rbital and charge-ordered phases have been identified in
electronic degrees of freeddhWith the chemical composi- (L& SP.MNO, (”3113) (Refs. 10 and Iland LaSsMn,0;
tion L, _,AMnO; (whereL is a trivalent cation, usually a (N=2) materials.*** , ,
lanthanide, andA is a divalent catiopy the mixed-valence Given the interesting properties of La manganites, we re-

state of Mn is tuned by the substitutional parameteThe call that BF* and L&" ions have a very similar ionic size in
crystalline structure of most of these compounds is ortho{:na?ngni'f?;tﬁu&;?&ﬂecsom%%gsﬁ’wmzhh?ar\]/le al(;?;?;;gﬁ;tg
rhombic withPnmasymmetry. A key structural feature is the ) ' gnly p

. . lone pair of BF' gives rise to clearly distinct physical fea-
tilt of the MnGg optahedra, Wh'ch leads .to a2, 2a, | tures in many other cases. In Bi-based manganites the elec-
a,v2 enlarged unit cell, where,, is the simple perovskite

. 6 ) . . tronic configuration of Bi* seems to play an important role.
lattice parametet?® Beside the technologlcally important ¢ o, example, LaMn@is an orthorhombi¢Pnma antifer-
CMR effect, other effectse.g., the tendency displayed by romagnet, while BiMnQ@is monoclinic C2) and ferromag-

many manganites to present a real-spage ordering of t'he Ofietic belowT,= 100 K.*° Doping with Ca, B},sCaysMNnO; is

cupied orbitals and chargeare the subject of a growing antiferromagnetic and insulating at low temperature, while

research effort. There is also a strong interest in the physicaly, .ca ;MnOs, is ferromagnetic and metallfé.

and structural properties of the related manganites. Exploring pyring a systematic study of th@®iCa)MnO, family, in

new crystal structures is one of the indispensable efforts i@)articular, the Bj,,Cay,MnO; compound® a new layered

the search for an optimized magnetoresistive response.  manganite has been identified. The new orthorhombic phase
Recently, intense research has focused on some memb&{g§sa=p=0.55 nm andc=2.78 nm and isA centered. It is

of the Ruddlesden-PoppefRP) structural type series the first time that a Bi-base(Bi-Ca-Mn-O) member of the

An+1BnOsn+1, With n#0, in particular the layered perovs- Rp structural type series with=3 has been identified. Us-

kites (LaA)n+1MnyOsn.1 (A=Ca, Sr) with n=1 and jng electron diffraction and high-resolution electron micros-

n=2. The perovskite structure corresponds to tire>  copy (HREM), we have characterized the structural features
member of the RP structural typB:]. is the well-known of this Bi-4-3-10 |ayered manganite_

K,NiF, structure (La,A),MnO,], andn=2 is the SgTi,O,
structure’ The n#% structures are based on alternating
rocksalt-type block layer8O andBO, layers, according to
AO-(BO,-AQ),. Heren corresponds to the number of lay- A black polycrystalline sample was synthesized under
ers of corner-sharin@®Og octahedra, which form structural oxygen pressure from high-purity powders ot8i, CaCQ
blocks along thec axis. Most of the layered perovskites and Mn,O; mixed in the proportion corresponding to
(La,A)n+1MNOz,51 (N=1,2) have a body-centered- Bi(0.25-Ca0.75-Mn-O(3). Prior to use, the powders were
tetragonal structure with4/mmm symmetry. Tunneling or dehydrated at 900 °C for 12 h. The stoichiometric mixture
spin valve-based devices have been proposed based on Rfs thoroughly ground in an agate mortar and pressed into a
compounds such as (La, $1);Mn,03,,. 1, as they present a pellet. After sintering in an alumina crucible at various tem-
natural stacking of perovskite bilayet8. Furthermore, peratures increased from 900 to 1050 °C with intermediate
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grindings, the sample was pressed into a pellet and finally
annealed at 1100 °C under 200 bars oxygen pressure for 24
h. The sample was then cooled to room temperature at a rate
of 300 °C per hour. Thin specimens for electron microscopy
were prepared simply by crushing the sample with an agate
mortar and pestle. Crushed fragments were mixed with eth-
anol and then deposited onto a Cu grid coated with a thin
carbon film. Electron microscopy was performed with a Phil-
ips CM30T and a Philips CM30UT-FEG electron micro-
scope, both operating at 300 kV and with a Link EDX de-
tector. Three different phases were observed at room
temperature: the main nominal phasey, BCa 7;9MINnO4

(with Pnma symmetry and a2a,, 2a,, v2a, enlarged

unit cell), some grains containing the 327-type phase re-
ported in Ref. 17, and finally the orthorhombic
(Bi, Ca),Mn30,¢ phase. The composition determination of
the new orthorhombic Bi-Ca-Mn-O phase was performed by
guantitative EDX using a spot size of about 20 nm in the
Philips CM30UT electron microscope. Quantitative analysis
performed in several microcrystallites indicated a composi-
tion (Bi, Ca),Mn30,, with a Bi/Ca ratio~0.23. Thereby the FIG. 1. Electron diffraction patterns from the
stoichiometry is close to BisCas ,9MNn30;0. In the notation  Big7:Cas 29MN30;9 phase alonda) [010], (b) [—130], (c) [-120],
Bis_3,Ca ., 3xMN30;, the parametex (=0.75 represents and(d) [-110] zone axes.

the concentration of MH ions (holeg in the bilayers.

In the EDP of Fig. 1c), some additional spots are also
visible (indicated by arrowheaglswhich can be indexed by
Il RESULTS assuming the presence afb twinned regions. As expected
A. Electron diffraction patterns for this case, the diffraction patterns are a mixtured@f; 22

. . andB22,2 symmetries.
Two different types of symmetry are observed in the 1< SY

currently studied Bj/:Ca&; 29VIN304 compound:

. . : Y . 2. Primiti thorhombi t
(i) A-centered orthorhombic ard) primitive orthorhombic. fimitive orhorhombic symmetry

The absence of-centered symmetryk(+1+#2n) is fre-
1. A-Centered symmetry quently observed by the appearance of superreflections along
. . the c* direction, which can be seen clearly in Fig. 2. These
At 'room temp_erature, the electron (_jn‘fracnon patterns, . | 2n reflections lead to a primitive orthorhombic sym-
(EDP’9) on the Bp75Ca; ;N3O Crystalline phase prove o4y tis apparent that these reflections are much weaker in

this phase to have orthorhombic symmetry. THELO], the[010| EDP[Fi than th f thé— 110! EDP[Fi
[—130], [—120], and[—110] EDP’s are shown in Figs.(a), e[010] [Fig. 2@] than those of the l [Fig.

1(b), 1(c), and 1d), respectively. All these selected-area
EDP’s of Bl 7:Ca; ,9VIn30;, were obtained by tilting the
specimen about thE001]* direction. From the diffraction
spots along the reciprocal ax&" in Fig. 1(a), the lattice
parameters of the BiLCa;,dMN30,;, phase area=b
=0.55nm(we recall that we do not appreciate different
andb lattice parameters because small orthorhombic distor-
tions cannot be resolved from our measuremegiitse lattice
parameter of the long axis was determined from @844
spot in the 00 row along thec* direction in Fig. 1a), c
=2.78 nm. Indexation of all EDP’s reveals a@acentered
orthorhombic structure. The observed reflection conditions
were the following: k+I1=2n for hkl, I=2n for h0l, and
h=2n for h00. Consequently, these systematic absences
with the use of the International Tables for Crystallography
(1983 indicate that the possible extinction symbol of
Big 78Ca 29MIN30 is A2;-a, A-a or A(bc)-a. Further
convergent-beam electron diffractidi€BED) experiments FIG. 2. Electron diffraction patterns from the
show that there is no mirror plane at all, which rule out othergj, ,.Ca, ,Mn;0,, phase alonga) [010], (b) [-130], (c) [~120],
possibilities. Therefore, the possible space group is sugand(d) [—110] zone axes, showing+|#2n reflections along the
gested to beA2,22. c* direction.
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FIG. 3. HREM images projected alon@)
[—-110] and (c) [010] zone axes(b) A blowup
outlined in (a), with the schematic crystal struc-
ture[based on the structural model of the layered
manganites (La, Sf) {Mn,03,.1 phases, Refs.
10 and 14 projected alond —110] direction su-
perimposed on it. Only metal atoms are shown.
(d) HREM image projected along thp-120]
zone axis, showing perovskite phase intergrowths
in the Bjy 76Ca; ,9MN30,o phase.

-
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2(d)], and they even cannot be seen altrg2n+1 rows. It tures as higher-order polytypes o§MiF, structure type. The
is not possible to determine its space group unambiguousl¥pace group4/mmmwas obtained from their x-ray powder
from present data. However, it should be noted thayiffraction photograph. In this SrO-TiCseries the Ti@ oc-
CayTi30, adopts thePbcasymmetry,® and it is quite pos- tanedra have their fourfold axes aligned with the unit-cell
sible that the Bj75Ce; 29Vins0,0 phase can also adopt this gqges. Lately, Elcombet al® investigated the structures of
symmetry next to theA2,22 symmetry described above. he Rp phases GayTi,Osn+ 1. With the tilted TiQ, octahe-
With the symmetry ofPbca (the reflection conditions are dra, the CaTiQ (n=c) end member has the orthorhombic
=2n for Okl andl=2n for h0l), Fig. 2a) can be explained syn’,lmetry with space groufPnma The structures of
by a mixture of[100] and [010] axis EDP’s. This would CasTi,O; (n=2) and CaTi:0y (n=3) were determined to
require that the crystal ia-b twinned, which is quite plau- be A51a7m and Pbca by CSBlEOD experiments and neutron
sible since theA-centered structure also shoasb twinning. powder diffraction. They predicted that @, ;B, Xy s , Se-
B. High-resolution electron microscopy ries for which then=c end memberABX;) is isostructural
) . ) with CaTiO; would be isostructural with the compounds
_ In order to com_‘lrm the Iayer-stacklng mode of this NEWca T Osn.y. If this is the case, the recently found lay-
Bl-t_)ased manganite, we_camed out an HREM _study. Theyred manganites  (LA)sMn,0;, (A=Sr,Ca) and
main results are shown in Figs(a-3(d). HREM images (| 5 cg,Mn.0,, (Ref. 19 shouid have the symmetry of
give evidence of large regions of the BiCa ,MnsO10 A2 am and Pbca respectively, because (L&yMnO; also
phase, having well-definedl,Mns;O,-type layered structure. a5 the Pnma structure. However, the body-centered-
Figure 3a) and 3c) are HREM images taken in a thin region e raq0nal structure for these compounds was obtained from
of the crystal with the incident beam alohg110] and[010]  , 5y diffraction data, but detailed determination was not
zone-axis directions, respectively. In these images, the rOWSiven. More recently, the structure ¢Bi, Ca)sMn,O, has
of the brightest dots are related (Bi,Ca)O layers sand- poan investigated by’CBED and HREM measurem&nts.

wiched by MnQ layers. Figure @) shows an enlarged part i 1o temperature and room temperat(R&), the crystal
of Fig. 3@, with an atomic model of the crystal structure presents Amam symmetry.

superimposed onto it. The metal atom positions are imaged There are two different types of symmetry in this
as dark dots. A calculated imadeased on the structural Biy 7eCas 2MNs0;0 compound. The primitive orthorhombic
model for the layered (La, Sr) ;MnyO3n. 1 phases given in - gy ictyre is observed more often thascentered phase. Fig-
Refs. 7 and 1)) superimposed onto the images of Fig&)3 e 4 shows schematic structures of the Mn-based layered
and 3b), is in good agreement with the experimental one. perovskite (Bi, Ca), ;Mn, O, with n=2 (a) and n=3
Intergroyvths of the 113-perovskite phase have been alsaj)' (c). The two types of symmetry differ in the way that
observed in the 4310-type crystals. Figur@)3shows an aighnoring perovskite blocks are coupled. In fheentered
example of a 113-perovskite intergrowth in the phaqe the Mnoctahedra of neighboring perovskite blocks

Big 76Ca5 2,9MIN30, phase. In the right part of Fig.(&, one are tilted in the same wajgee Fi
: : L ) . gs. @) and 4b)]. On the
can also see some contragtlicated by arrowswhich dis- yher hand, if they tilt in a different way, then a primitive-

play the same periodicity as tieaxis. They might be due t0 - qrhombic structure is obtaingBig. 4(c)]. Obviously, the
an ordering of Bi and Ca in the tw@i, ClO planes, form- ., hjing between these perovskite blocks is governed by the
ing the rocksalt blocks, and can produce the superreflectionggiortions in the rocksalt like layef&O layers between the
shown in Fig. 2. perovskite blocks. For the=2 phase the oxygen atoms and
the large cations in the neighborifgO layers shift in the
same direction[see arrows in Fig. @], resulting in an
Ruddlesden and Popper studied the series A-centered structurt. Based on then—2 structure, one
S, 1TinOsn41 (N=1, 2, and 3 and recognized their struc- would expect that the oxygen atoms and the large cations in

IV. DISCUSSION AND CONCLUSIONS
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=525K, recently found in Bj,Sr,Mn0;.%° Due to the
dominant character of thesb lone pair in this Bi-based man-
ganite, the charges order approximately 450 K above the
temperature predicted by the bandwidth tuning mechanism
for the L,,(Ca; Sh;,,MnO; family?>~22 (L # Bi). On another
hand, less spectacular, but without a clear explanation yet,
Bi;,Ca,,MnO; is the only half-dopeth= o manganite with
Tco>300K (RT) (Tcpo=325K). These are apparent ex-
amples of the importance of exploring new Bi-based manga-
nese oxides.

To summarize, we have reported observation of a
4310-type layered structure in the Bi-Ca-Mn-O phase
diagram [n=3 member of the Ruddlesden-Popper
(Bi, Ca),+1Mn,O3,. 1 serieg. According to the different
physical properties of then=« La and Bi mangan-
ites151620-223150 a very different physical behavior is ex-
pected in Bi-based layerd8i, Ca),Mn;0;, oxides respect to
(La, Ca,Mnz0,q compounds. The crystal structures of the

FIG. 4. Schematic structures of the Mn-based layered perovskitBi -sCa; ,9VIN30, o phase, obtained under high oxygen pres-

(Bi, Ca)y1MNn,05,41 With n=2 (a) andn=3 (b), (c). Only the

sure, have been investigated by transmission electron mi-

MnQOg octahedra are shown in polyhedral representations. The Un'ttroscopy and HREM measurements. At room temperature
cells are outlined by dashed lines. The shifts in neighboring rocksaliwo different types of symmetry are observed in the present

planes is indicated with arrows.

Big 75Cas 2gVIN30,9 compound:  primitive orthorhombic and
A centered with space groux2,22. From the different cou-

the neighboringAO layers shift also in the same direction, plings of the octahedra tilts of neighboring perovskite blocks

resulting in a primitive space group,

served the most. However, time=3 phase occurs also wit
A-centered structure, indicating that the coupling of the oc-

which is indeed ob-described in these two phases, a more pronounced two-
h dimensional behavior is expected in thecentered phase.
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