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The synthesis and crystal structure of a mixed valent manganite {aMeguivalent to CasMn,0,,
are reported, along with the magnetic properties. The structure was determined using electron diffraction
and high-resolution transmission electron microscopy and refined from X-ray and neutron powder
diffraction data & = 10.6940(3) A = 11.3258(3) Ac = 8.4881(2) A8 = 122.358(2), space group
P2;/a, R = 0.037,R- = 0.118). The structure is based on a framework of double chains of edge-sharing
MnOs octahedra. The corner-sharing chains form a framework with six-sided tunnels, identical to that of
the CaFgO, structure. The Ca cations are located in the tunnels. Compared to gaf®ne-third of
the Ca positions in the tunnels remain vacant, with an ordered distribution of vacant and occupied sites.
The empty sites in neighboring Ca chains are shifted relative to each other alowegaxie by one
period of the CaF®, subcell, which results in a symmetry decrease from orthorhombic to monoclinic.
Based on the interatomic MrO distances, the charge ordering in Cadgis discussed. The compound
exhibits a strong anti-ferromagnetic character, and differences between the zfc and fc magnetization
curves at low temperature suggest ferro- or ferrimagnetic interactions.

1. Introduction (Figure 1). However, note that Ca@, crystallizes in a
Bbmmspace group and CaM@, in a Pmabspace group
o . (which is a subgroup of the first one) and that both exhibit
alkaline-earth element) phases appears to be extremely nCh; similar herringbone-like orientation of the double chains

and complex if we consider the large number of papers that of edge-sharing Mn@octahedra, whereas the connectivity
have been devoted to these phases. Some aspects of th(gz]c the double chain is different in Caf@. The larger
crystal chemistry of the AMD, oxides with tunnel structures ' 9

“ey _Nf-ai ” _ 5
have been reviewed by Mar-Buschbaunt. The major Bﬂgkjﬁ O(f)elgrgaﬁn%%i:%p?\jd '\t/lunnr(ljelggogtrth; ?Ss@%an
structural unit for these compounds is the rutile-type chain =26 124248, MO8, aViNgGie uctu

of edge-sharing Mn@octahedra. A large variety of struc- ac_lcfanmnmelosdg;e dfgfvgré?]tf?ureé_Z?SOQ&z;o';Jerzgf{t in the same
tural types arise due to the ability of these chains to form yp P

doeand rplechains by e srarng of common ecges fTLELTE 41 S0EE i v e o conpicates
the MnQy octahedra. The chains are then combined into P ’ y P

three-dimensional frameworks by sharing common corners to the formation of cationic vacancies at the _A-S|tes, Wh'Ch
; ' .~ _tend to be ordered, often resulting in compositionally driven
and/or edges. As a result, tunnels of various configurations.

. i incommensurately modulated structutésarge infinite tun-
appear in such frameworks. The smallest rutile-type tunnels nels, which are able to host different A-cations, make these
are too small to accommodate the A-cations. The square ' '

hollandite-type tunnels and the six-sided tunnels of the materials potential ionic conductors and matrixes for the

: . storage of radioactive waste. In fact, the existence and
AM 0, structures incorporate one column of A-cations. For 9
the AM,O4 composition, three structure models are com- (3) Giesber, H. G.: Pennington, W. T Kolis, J. Weta Crystallogr2001
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powder X-ray diffraction (XRD) pattern and magnetic
properties were reportéd!®

In this paper we report on the synthesis and the structural
characterization of the mixed valent manganite Ca®n
using transmission electron microscopy and X-ray and
neutron diffraction techniques. It is shown that it exhibits a
CaFeOy-like arrangement of the double rutile ribbons and
an ordered distribution of Ca and cationic vacancies along
the tunnels. The geometry of the Mg@rtahedra also clearly
indicate differences in the MO distances, which are related
to the ordering of the Ca and cationic vacancies at the A-type
sublattice. The role of the manganese valence, and the size
and nature of the cations inserted in the tunnels, is discussed.

a

2. Experimental Section

Stoichiometric proportions of high-purity CaO, MpGnd Mn
(1:2.5:0.5) were intimately ground in an agate mortar until a
homogeneous powder was achieved. This mixture was compacted
into bars and placed into a re-crystallized alumina finger, which
was sealed into an evacuated silica tube. The tube was then heated
to 1200°C for 12 h and then slowly cooled to ambient temperature.

Sample quality was checked using X-ray powder diffraction
(XRD) (Philips vertical diffractometer with Cu & radiation). A
longer data set, suitable for Rietveld refinement, was collected over
12 h with a step size of 0.02ver the 2 range of 5-11C°. The
crystal structure determination and Rietveld refinement were
performed with the JANA2000 progratf.

Time-of-flight neutron powder diffraction (NPD) data were
collected at room temperature on the General Materials Diffracto-
meter (GEM) at the ISIS pulsed neutron source. Measurements were
performed on the sample with an overall mass-®&.4 g, placed
in a vanadium container (note that the amount of powder is small
Figure 1. Projections of the two AMO,-type structures: (a) Cads and but sufficient for recording an exploitable neutron diffraction
the distorted CaMsO, form; (b) CaFeO,. M cations are located at the ~ Pattern). Four data banks (at 44.AQ/Q ~ 0.017; at 74.3, AQ/Q
shaded octahedra, and A-cations are shown as circles. Differently shaded~ 0.008; at 103.9 AQ/Q ~ 0.005; at 149.5 AQ/Q ~ 0.003)
octahedra and cationic columns are shifted with respect to each other bycoveringd-spacing ranging from 0.44 to 5.1 A were used for the
one-half of the repeat period along the tunnels. structure refinement. Rietveld refinement was performed with the

- GSAS/EXPGUI suité?18
stability of tunnel and layer structures lead to well-known 1o sample purity check by transmission electron microscopy
problems that were discussed 30 years ago in the alkaline-TEm) and the reconstruction of reciprocal space were carried out
earth manganites, as well as their relationships with electrical on a JEOL 2010 microscope. High-resolution electron microscopy
and magnetic propertiég? (HREM) was performed with a JEOL4000EX microscope. The

In the manganese-rich part of the-Gn—0 system, three untwinned [010] electron diffraction (ED) pattern was recorded on
CaMnO, compounds were reported: Cab®, CaMnOs a JEOL 3000FX with CCD camera. Calculated HREM images were

btained using the MacTempas software. Energy dispersive spec-
and CaMnQOs. The structure of CaMi®, has been carefully 0 . :
. . . ED | he JEOL 201
studied by different authors, who have determined the troscopy (EDS) analysis was done on the JEOL 2010 equipped

. . i3 7 with the Oxford Inca system.
crystallographic and magnetic structafe’* CaMn,O * also The magnetization was measured by using a Quantum Design

has a tunnel structure, but it consists of single and triple ppps.vsM. Both zero field cooled (zfc) and field cooled (fc) data
chains of edge-sharing MnQOoctahedra, interconnected were collected in an applied field of 0.1 T and with increasing
through the corners. The [M@g].. framework gives rise to  temperature.

three types of tunnels: empty rutile-like tunnels and six-

sided and eight-sided (“figure-of-eight”) tunnels where the 3. Results

F- .
dCa2 c:_;ltlogs a_rle sﬂufate?}. l\(l:o cgstal structtér.e hlashbeen The sample was studied by electron diffraction to deter-
etermined until now for the Cah8s compound; only the mine the approximate cell parameters and the possible space
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Figure 2. Electron diffraction patterns of the [010]* and [001]* zones for
the CaMnOg material (a, b). The [010]* pattern observed in twinned crystals
(c). The modulation vectay is indicated by a white arrow. The reflections
of the orthorhombic subcell are clarified by a white rectangle.

of the [010]* and [001]* zones of CaM@s are shown in

Figure 2a,b. The reflections on these patterns can be divided

into two groups with a clear difference in brightness: the
brighter reflections belong to a subcell (outlined in white in

the [010]* ED pattern) and the weaker spots are considered
as superlattice reflections. The pattern of basic cell reflections

is clarified by the white rectangle on the left ED pattern.
The subcell reflections can be indexed using the cell
parameters, ~ 9.07 A, b, ~ 11.3 A ¢, ~ 2.83 A (the
subscript “0” denotes the orthorhombic subcell). This subcell
is very similar to the unit cells of CaM@,® (space group
Pmah a = 9.677 A,b = 9.988 A, ¢ = 3.155 A) and
CaFeO,* (space groupPnam a = 9.230 A,b = 10.705 A,
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Figure 3. HREM image of CaMgOs, taken along the [001] direction. The
calculated imageAf = —330 A, t = 54 A) is shown as an inset with a

white border. The smaller white rectangle outlines one projected unit cell.
Two six-sided channels are indicated on the image.

The close resemblance between the subcell of Gaiin

¢ = 3.024 A). The superstructure can be described as aand those of CaMiD,; and CaFgO, allows us to assume

modulated one witha,, b,, andc, as the lattice vectors for
the basic structure with a modulation vectpe= ?/:a,* +

that the compound exhibits a tunnel structure. A HREM
image of CaMgOs along the [001] direction is shown in

Y3co* (q vector is indicated on the ED pattern). Since the Figure 3. This direction allows us to observe the projection
modulation is commensurate, a decrease in symmetry downof the tunnels and determine the arrangement of the cation
to a monoclinic cell can be considered for a supercell. The columns surrounding the tunnels. High scattering density
basic vectors of the monoclinic reciprocal supercell were areas in the structure are depicted as dark areas on the HREM

chosen considering the following nodes %G8 10Q,, 010,

= 01Q,, and 00} = %3 0 —%3,. The relationships of the
lattice vectors of the orthorhombic subcell and the monoclinic
supercell is given by the matrix relation

1
(@ b C) = (8, b, €)[ O
2

| oo

0
1
0 -3
that results in the cell parameteag ~ 10.7 A, b, ~ 11.3
A, cn~ 8.5 A, andB ~ 122 (subscript “m” represents the
monoclinic supercell). This supercell is in agreement with
that determined earlier by Glaunsinger et®also using
electron diffraction ¢, ~ 10 A, b ~ 12 A, ¢, ~ 8 A, and
p ~ 120°).

The reflection conditions were determined by making a
tilt series and arékl: no conditionshOl: h = 2n, and &O0:
k = 2n. The presence of thek0: k= 2n on the [001]* ED

image. It can be seen that the Cad®@a structure shows an
arrangement of six-sided tunnels; the Mn columns are
indicated on the image by white dots connected with a line
around the tunnel. Comparison with the tunnel structure
HREM images of, for example, CaMBs’ allows us to
correlate the grey areas at the centers of the hexagons with
Ca&" cations that occupy the tunnels. The image will be
discussed further after the refinement of the structural model.

The cation composition of the sample was measured using
EDS analysis and gave a Mn/Ca ratio of 3.80(1),
corresponding exactly to the nominal cation composition and
in agreement with the previous papéts$®

The X-ray powder diffraction pattern of CaMbs was
indexed in a monoclinic lattice, with the cell parametars
= 10.6940(3) Ab = 11.3258(3) Ac = 8.4881(2) A, and
p = 122.358(2), as was determined using electron diffrac-
tion. The extinction conditions observed from the X-ray

pattern is due to double diffraction, as these spots were seerpowder diffraction pattern are also in agreement with the

to vanish when tilting the crystal around theaxis. These
reflection conditions leavB2;/a as the only possible space
group. The third pattern (Figure 2¢) shows a twinned [010]*

space grougP2;/a. Two structural models appeared to be
suitable for the Rietveld refinement, based on either the
CaMnO, or CaFeO, crystal structure. Both compounds

pattern of the monoclinic superstructure, as evidenced byshow a subcell close to that of Cahy@y, and theP2;/a space

the two mirror-related directions of the modulation vectors.
All crystals viewed along this direction showed this type of

group is a subgroup of both space groupsab (space
symmetry of CaMpO,) and Pnam (space symmetry of

twinning, suggesting that the size of the twinned domains is CaFegQ,). In both structures, the six-sided tunnels are present

in the nanometer range.

(see Figure 1), with the manganese cations having the
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arrangement as proposed from the HREM observations for Table 1. Crystallographic Information for CaMn 5Os after
CaMn:Os. The models differ by the scheme of connection Refinement from Powder NPD Data

of the double octahedral chains, i.e., mainly by the positions ~ composition P%é}'\/lﬁoe
space group 1/a
of the oxygen atoms. a(h) 10.6956(2)
The atomic positions of the CaM@, and CaFgO, b(AA) éﬂgﬁﬁ(”
structures were transformed to the monocliris/a unit cell g((d?gg) 1'22_38(421)
of CaMnzOg. All atoms obtained after the transformation V (A3 868.38(2)
were situated at common 4e positions of #&/a space Z _ 8
he t f d structures there are three positions ~ C2'c: density (@ o) 4001
group. In the transforme P no. of refins 10670
available for Ca at (0.25, 0.33): Cal atz~ 0.55, Caz2 at total no. of refined params 104
z~ 0.92, and Ca3 ar ~ 0.25. If the occupancy factors no. of refined crystallographic params 65
%% Re, Rup 6.69, 0.024, 0.026

for these positions at fixetlis, = 0.015 & are allowed
to be refined subsequently, it produced the occupancy fac- Table 2. Atomic Coordinates for CaMnsOs as Refined from Powder

tors g(Cal) = 0.96(2), g(Ca2) = 0.99(2), andg(Ca3) = NPD Data
0.026(8). Subsequent refinement of the atomic displacement  atom x/a ylb c
parameters (ADPs) resulted lihs, = 0.01—0.006 A for the Cal 0.2381(6) 0.3325(7) 0.5459(8)
iti i ikkic — Ca2 0.2482(6) 0.3340(6) 0.9415(8)
Cal an;d Caz2 positions g_nd a physmally unrealiblig Vi1 0.0590(10) 0.1103(8) 0.4599(14)
0.21 A for the Ca3 position. This clearly shows that the Mn2 0.4311(10) 0.6228(6) 0.8548(11)
Cag3 position is vacant; the occupancies of the Cal and Ca2 Mn3 0.0789(11) 0.5922(8) 0.4668(15)
positions are then fix_ed to 1 to satisfy the cation composition mg 8:39258)1) gjgggg((%) 8_‘?35’3&%
CaMngOs. Further refinement of the CaMB, model resulted Mn6 0.0860(13) 0.5943(9) 0.8052(14)
in a high value of the reliability factoR = 0.109 and o1 0.2932(7) 0.6433(5) 0.6027(8)
listic interatomic MARO distances. A much lower oz 0.1971(6) 0.1655(1) 0.7075(7)
unreaustic in : 03 0.3875(7) 0.9806(5) 0.6819(8)
reliability factor Ry = 0.037 and reasonable structural data 04 0.1166(8) 0.4762(5) 0.6667(9)
; 05 0.4593(7) 0.1996(2) 0.7278(8)
were obtalr_1ed for the Cak@, model. _It should be noteq o6 0.0222(6) 0.6888(5) 0.6029(8)
that the refinement was performed without any constraints g7 0.0681(8) 0.9136(6) 0.4556(10)
imposed on the atomic coordinates (only the ADPs were 83 8'3%28§7§ 8'21§1§6§ 8-3713%9)
. he .2865(7 .6481(5 .9441
con.s.tramed to bg equal for all Ca positions and all .Mn 010 0.3660(6) 0.9855(5) 0.9960(8)
positions, respectively, the ADPs for the oxygens were fixed o011 0.4642(7) 0.2016(5) 0.0618(9)
to Uiso = 0.015 29). In this particular case, the large amount 012 0.0719(7) 0.9193(5) 0.7984(9)
of atomic positions which ajre mdepende.nt in the monocl|n!c Table 3. Most Relevant Interatomic Distances (A) and Octahedral
supercell but are symmetrically related in the orthorhombic Distortion Parameters Ad for CaMn 306

subcell, together with the extensive overlap of the reflections, cat-o1  2.417(9) MntOl 1.96(1)x1 Mn4—02 2.09(1)x1
produce significant correlations between the refineable gal—gg ;-gggggxl Mnl—gé ;-ggglgxl Mn4—83 1-glglgxl
. . P al— . x1 Mnl— 39(1)x1 Mn4—-05 1.97(1)x1
pargr_neters. Taking into account the I(_)W sensitivity to the 77 54 2611(101 Mn1-07 2.23(1)x1 Mn4—010 1.84(1)x1
positions of oxygen atoms of conventional powder XRD, ca1-05 2.516(9x1 Mn1-07 1.87(1)x1 Mn4—010 2.22(1)x1
infiag i i i Cal-06 2374(7)x1 Mnl-012 1.90(1)x1 Mn4—011 1.91(1)x1

large uncertainties in the atomic _coordlnates for the OXYOENS 1" 57 5274(10)1 MN1-OD 2.05 MO0 1.99

resulted. To improve the precision of the determination of ca1-08 2558(9)x1 Ad 09x 102 Ad 0.4 x 10-2
the oxygen positions, further refinement of this model was Caz 02 259301 mn?gé ;-gg(zl(gll mngfgg %-igél(gll

H a . X nZ— . X no— . X

performed from NPD datq. A narrow reg'londit=.2.14 A Ca2-04 2549(9)x1 Mn2-08 2.02(1)x1 Mn5-07 1.83(1)x1
was excluded from the refinement since it contained a small ca2-05 2.642(7)x1 Mn2-09 2.08(1)x1 Mn5-08 2.02(1)x1

peak originating from the vanadium container. To reduce Caz—gg 2451(91  Mn2-O11 2.21(1)x1  Mn5-09 1.98(1)x1

. . . a 2.429(9)x1 Mn2-012 1.87(1)x1 Mn5-012 2.09(1)x1
the correlations arising duetoa Iarge number of IndependentCaZ_om 2.326(9)x1 [Mn2—-00 2.07 Mn5—00 2.05
atomic positions, the ADPs were constrained to be equal for gaZ}—gg gg%((gﬁ fﬂds o1 é'%;(ll)vi ﬁde o3 2-%;(11)07;
. a . no— . X no— . X
all atoms. The refined value of _the overgll ADP_was equal Mn3-03 195(1)x1 Mn6-04 1.92(1)x1
to Uiso = 0.0022(2) R. The resulting atomic coordinates are Mn3—04 2.01(1)x1 Mn6-06 1.82(1)x1
in agreement with those refined from powder XRD data. The mg:gé igiggﬁ mgigio igég))ﬁ
crystallographic parameters for Cap@y are listed in Table Mn3-06 191(1)x1 Mn6-O11 1.92(1)x1
1, the atomic coordinates are listed in Table 2, and selected Mn3—-00 1.96 MMn6—00 1.91
Ad 5.2x 104 Ad 6.8x 1074

interatomic distances are shown in Table 3. The experimen-

tal, calculated, and difference NPD profiles are shown in cation columns are depicted as dark areas. The six-sided
Figure 4. tunnels indicated on the image correspond to the positions
The atomic coordinates refined from the NPD data were of the manganese ions; Ca columns are found at the centers
used as input for the calculation of theoretical high-resolution of these hexagons, as was already assumed by comparison
electron microscopy images. The result is shown on the of the HREM image of CaMyDs with other HREM images
image of the [001] zone in Figure 3 and of the [010] zone of typical tunnel structures. For Figure 5, the best agreement
in Figure 5. The simulations are outlined by a white border. was found at values of focusf = +300 A and thickness
For Figure 3, the best agreement was found at values of focus= 40 A. A Fourier transform of this area is given as an inset
Af = —330 A and thickness = 54 A. At these values the  to show that this area is really untwinned. A good agreement
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Figure 4. Experimental, calculated, and difference neutron powder
difference profiles for CaM4Ds.
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Figure 5. HREM image of CaMgOg, taken along the [010] direction. The
calculated imageAf = +300 A, t = 40 A) is shown as an inset with a
white border. The white paralellogram outlines one unit cell.

is found between the experimental and calculated images,
supporting the determined crystal structure.

4. Structure Description

The CaMnOg crystal structure is based on a framework
built of double chains of edge-sharing Mg@ctahedra
propagating along.. The chains are linked by common
corners, producing six-sided tunnels, wherein the#'Ca
cations are located. Since the close resemblance between th
CaMnsO¢ framework and the CaR®, prototype is obvious
due to the identical geometry of the octahedral framework,
the relationships between these two compounds are discusse
first, and those with CaWy®, are then discussed further
along with the different tunnel structures of the-n—0O
system. The decrease of the symmetry down to monoclinic
in CaMn;Og is caused by the reduced number of A-cations
in the tunnels, and the ordered distribution of vacant and
occupied A-sites along the tunnels. In agreement with the
amount of A-cations in CaMy®s with regard to the fully
occupied tunnels of the ideal Ad@, structure, every third
A-position in the tunnels is vacant with a-2-type ordering
of one vacancy and two cations. Empty A-sites in neighbor-
ing Ca chains ak ~ 0.25 andx ~ 0.75 are shifted with

Hadermann et al.

Figure 6. Slice of the CaMgOs structure neay = 0.66, viewed along the
[010] direction. The CaR©, subcell is marked with dashed lines.

the Ca atoms are situated in capped trigonal prisms £CN
8) with Ca—0 interatomic distances ranging from 2.23 to
2.64 A,

The distortion of the octahedral environment and the
averagelMn—OUinteratomic distances for the Mn1, Mn2,
Mn4, and Mn5 cations are slightly different from those for
the Mn3 and Mn6 cations. This difference is reflected by
the octahedral distortion paramettd, defined a¥

Ad=(1/6) § [(d,— d)/d]?

n=I1-6

whered, are the individual Mr-O distances and is the
averagelMn—OU0distance. The Mn3 and Mn6 cations are
located in slightly distorted octahedral environmemtd &
5.2-6.8 x 104 with (Mn—O0= 1.91-1.96 A. The
distortion of the Mnl1@ Mn20s;, Mn40Os;, and Mn5Q
octahedra is stronge’Al = 0.4 x 102 to 1.3 x 107?).
The Mnl and Mn2 cations show four shorter equatorial
(1.85-2.08 A) and two longer apical (2.22.39 A) Mn—0
bonds; the apical bonds are aligned perpendicular to the
direction of the double-chain propagation. For the Mn4
gnd Mn5 cations only one apical bond is substantially
longer (2.22-2.458 A). The averag@in—ODOdistance of
1.99-2.07 A for the Mn1, Mn2, Mn4, and Mn5 cations is
larger than that for the Mn3 and Mn6 cations (1-9196

). One can speculate that the observed differences in the
coordination environment are related to charge ordering; i.e.,
the dominantly trivalent Mn cations are situated preferentially
at the Mn1, Mn2, Mn,4 and Mn5 positions, whereas the
Mn30s; and Mn6Q octahedra have a dominantly tetravalent
character. The Jahn-Teller distortion, intrinsic for the3Mn
cations in a high spin state, and the larger ionic radius of
Mn3* (r(Mn3*) = 0.79 A, r(Mn**) = 0.68 A2% account for

respect to each other along thgaxis by one repeat period
of the CaFgO, unit cell (Figure 6), which leads to the
monoclinic superstructure. In the Capy crystal structure

(19) Alonso, J. A.; Martinez-Lope, M. J.; Casais, M. T.; Fernandez-Diaz,
M. T. Inorg. Chem.200Q 39, 917.
(20) Shannon, R. DActa Crystallogr.1976 A32 751.
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with a Curie-Weiss law, leading to @&er ~ 4.0545 (per

Mn atom), which is slightly lower than the expected value
(4.54us) for Mn33%" corresponding to the “ideal” formula
CaMr?*,Mn*"Og. The inverse susceptibility curve deviates
from linearity at a higher temperature (around 50 K) than
Mn(IV) the one observed by Glaunsinger et%Further investiga-
tion by low-temperature neutron diffraction is required to
determine accurately the magnetic behavior of this com-
pound. In fact, this point deserves attention due to the
interesting structure of the compound in which ferromagnetic
(Mn®*—0—Mn*") and anti-ferromagnetic (Mfi—O—Mn3*

and Mrft—0O—Mn#") interactions will probably develop. As
shown in Figure 7a, one kind of double chain consists of
Mn3tQs octahedra-sharing edges, whereas the two other
Figure 7. Tentative charge ordering scheme in Cada (a) a chess-  double chains involve an alternation of fDs—Mn* Og—

board pattern of double chains containing only trivalent Mn cations (light Mn**Os octahedra sharing edges too. The links between these

octahedra) and those containing both tetravalent and trivalent Mn cations .
(dark-shaded octahedra); (b) the location of the groups of four tetravalent Chains are made by MnOs—Mn**Og and Mr#*Os—Mn3*Os

Mn(1ll)

Mn atoms along the double chains. bridges that could lead to a frustrated state.
18 " " " " " 90 6. Structural Considerations and Concluding Remarks
17 j fc ]85 Bearing in mind that CaMi®, is a distorted variant of
== N 1o = CaTiO,4 with the same connectivity scher_ne of the mgtal .
= =] oxygen octahedra, the parameters governing the stabilization
g 15 F 175 % of the configuration of either a Cajld, or CaFeO,
) = framework with six-sided channels are not yet completely
s 14r 170 & clear. Numerous oxides adopt the CabBgtype form,
13 L {65 ;-_’5 whereas the only complex oxides adopting the @aFtype
form are CaTJO, %' and, indeed, the distorted Cab@y. The
12¢ 160 latter has been described as a chemical twin of a rock salt
" . . . . . 55 type structure. For example, let us consider two different
0 50 100 150 200 250 300 mixed valent compact binary oxides, 4,2 which adopts
T (K) the CaTjO,-type arrangement, and the high pressure form

Figure 8. Magnetization curves (zfc and fc) recorded in a magnetic field of F&0; for which both CaMaO4-type23 and ,CaTiOA'_type%
of 0.1 T with the corresponding inverse (zfc) susceptibility curve. forms have been proposed. The formulations are therefore
EWosELPTO, and F§LFe*0,, thus highlighting that only
the larger distortion and averag®in—OUOdistance for the  trivalent cations are present in the octahedral framework. The
Mn1, Mn2, Mn4, and Mn5 cations. The average oxidation comparison of CatD, (CaTiO,4 type) with its analogue
state of Mn in CaMgOe, Vmn = +3.33, is in agreement with ~ SrTLO, (CaFeO, type) demonstrates that the presence of
the proposed distribution of the Mn?™ and Mri*-9* cations larger cations in the tunnels can enforce the structure to
over the crystallographic positions, which results in a formal adopt the CaR@®,-type arrangemerit. However, it is
Mn3t/Mn*" = 2:1 ratio. The double chains containing obvious that a mismatch between the 8 and A-O bonds
preferentially trivalent Mn cations and those with both in the AB,O, tunnel oxides cannot be the only factor
tetravalent and trivalent Mn cations are arranged in a chess-determining the relative stability of these two structure types.
board pattern being viewed along thexis (Figure 7a). Four ~ The fact that the CaMi®, and CaFgD, structures are
Mn—9+Qg4 octahedra are associated into groups, separatedobtained for cations of very similar sizgjn®") = 0.65 A,
by two Mn@+9+Qg octahedra (Figure 7b); these groups are r(Fe*") = 0.645 &% makes it clear that electronic factors
associated with the empty A-positions, thus having an impact should play an important role. It was shown that the high
on the charge compensation and stabilizing the structure. pressure form of CaMi®, is a BbmmCaTiO, form;?6 the
effect of pressure reduces the structure distortion, leading
5. Magnetic Properties to a decrease of the volume and a reduction of the Jahn-
Teller effect of the MA" cations.

The magnetization curves (zfc and fc) recorded in a
magnetic field of 0.1 T are given in Figure 8 with the (21) Goutenoire, F.; Caignaert, V.; Hervieu, M.; Michel, C.; Raveaul.B.

Lo . A Solid State Cheml995 114, 428.
corresponding inverse (zfc) magnetlc susceptlbmty CUIVe. 55y Barnighausen, H.: Brauer, @cta Crystallogr.1962 15, 1059.
The latter reveals the strong anti-ferromagnetic character of (23) Fei, Y.; Frost, D. J.; Mao, H. K.; Prewitt, C. T.; Hauserman Am.
he sample, even if some ferro- or ferrimagnetic interaction Mineral. 1099 84, 203.
the sample, eve . Some Terro 'O e agnetic inte .aCt ons (24) Haavik, C.; Stolen, S.; Fjellvag, H.; Hanfland, M.; Hausermann, D.;
could be responsible for the slight increase of the signal at Am. Mineral 200Q 85, 514.

low temperature and for the deviation between the zfc and (25) ggge&%:l@%ﬂeu, M.; Caignaert, V.; Raveau,/Ata Crystallogr
fc magnetization curves. The high-temperature part of the (26) Wang, Z.; Saxena, S. K.; Neumeier, JJJSolid State Chen2003

inverse magnetic susceptibility curve can be linearly fitted 170, 382.
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An interesting point is the stabilization of two structural the degree of disproportionation does not exceed-0.2

forms within the Ca-Mn—0O system, i.e., CaMi®, with a e so that the actual valence state of the Mn cations is better
CaTiOstype structure and CaM®g with a CaFeO4-type expressed as MiPET,
structure. For easier comparison, use of tiiiO, notation In conclusion, the discovery of both cation/vacancy and

allows us to consider the amount of inserted catiop$  charge ordering in CaMfs leads us to investigate the actual

= C&") in the octahedral framework. In this case, Call)  origin of these phenomena, specifically exploring its high-

corresponds to GaMnz0,4. Two factors may be responsible  temperature behavior and optimization of the synthesis

for the significant decrease of the unit cell volume on going process. This work is now in progress.

from CaMnO, (305.57 R 12 to CaysMn,0, (289.475 R

(present work)): the decreasing Ca cont_ent and the incr_easing Acknowledgment. The work was supported in part by the

manganese valence, from frto Mn®*%, in agreement with  |Ap /.1 program of the Belgium government and the RFBR

the cation radif® Besides the pure cation size effect, the projects 04-03-32785-a and 05-03-34812-MF-a. L.J.G. gratefully

introduction of Mrt* in the octahedral framework reduces acknowledges the European Union for a fellowship (SCOOTMO:

the deformation of the Mn@octahedra. HRPN-CT-2002-00293.). We are grateful to Winfried Kockel-
The “charge ordering” effect resulting from the coexistence man for the neutron powder diffraction measurements.

of Mn®" and Mrf* is another interesting point, which of

course does not exist in CaMy. It should be noted that Supporting Information Available: An X-ray crystallographic
bond valence sum calculations lead to values, which do notfile (CIF). This material is available free of charge via the Internet
correspond to the exact values 6f3 and +4 for the at http://pubs.acs.org.

manganese cations. Indeed, charge localization in a charge
ordered state in manganites is never complete and usuallycM0618998



