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Synthesis conditions, crystal structures, and magnetic proper-
ties of quasi-one-dimensional complex oxides Ca;CuMnQjq
(space group P-1, z =4, triclinic cell) and Ca;Co,.,Mn,_,O4
with x = 0, 0.25, 1.0 (structural type K,CdCl,, space group R-3c,
z = 6) are presented. The crystal structures of Ca;CoMnO and
Ca;CuMnOQy were refined using neutron and combined X-ray and
neutron diffraction analysis, respectively. The interatomic distan-
ces in oxygen polyhedra were found. In contrast to ferro-
magnetic Ca;Co,04 (Tc = 24 K), manganese-containing phases
Ca;Coy . Mn,_,Oq are characterized by antiferromagnetic inter-
actions with Neel temperatures 18 K (x = 0.25) and 13K (x = 0).
For C33CUMHO6 TN was established to be 6 K. © 2001 Academic Press

Key Words: low-dimensional oxides; X-ray diffraction; neutron
scattering; magnetic properties.

INTRODUCTION

A new series of complex oxides Ca3AMnOg (4 = Cu,
Ni, Zn) with K4CdCls-type structure has been obtained
(1-4). A distinguishing feature of Caz;NiMnOgs and
Ca3ZnMnOQOg structures is the presence of infinite chains
consisting of face-shared MnOg octahedra and AQOg trig-
onal prisms (4 = Ni, Zn). These structural units lie along
the hexagonal c-axis and are surrounded by six chains made
of Ca antiprisms. Such a structure of the oxides under
consideration allows us to characterize them from the struc-
tural viewpoint as quasi-one-dimensional ones. The crystal
structure of these oxides is related to that of Sr;APtO¢ and
Sr3AIrOg (5, 6). An analogous structure was found for the
complex oxide Ca3;Co,0g¢ (7) in which both octahedral and
prismatic sites are occupied by Co cations.

The quasi-one-dimensional character of the structure of
the analyzed compounds determines the pronounced an-
isotropy of their physical and especially magnetic proper-
ties. Depending on the electronic configuration of transition
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metal cations constituting one-dimensional chains, substan-
ces with different magnetic properties were found among
these compounds—antiferromagnetics, ferromagnetics, and
ferrimagnetics. The temperature of magnetic ordering in
them is rather low. The magnetic susceptibility of the con-
sidered oxides is described either by the 1D paramagnetic
Heisenberg model or by the 1D Ising model. In the case of
the solid solution Sr3CuPtg 5Ir¢.50¢, the magnetic behavior
was explained by the disordered spin-chain paramagnetism
model (5). The compound Ca3zCo,0Os undergoes ferrimag-
netic ordering below 24 K (8) as a result of ferromagnetic
exchange interactions between Co cations inside the chains
and antiferromagnetic interactions between the chains.
Manganese analogues of these oxides—Ca3; AMnQO¢ where
A =7Zn>*, Ni** —are characterized by antiferromagnetic
interactions at low temperatures (1-4).

In this paper we report the synthesis, crystal structure,
and magnetic properties of CazCuMnQs, CazCoMnOs,
and Ca3Co;.25Mng. 7506 oxides. The two latter compounds
are analyzed in comparison with CazCo0,0Oe.

EXPERIMENTAL

Caz;CuMnO¢ and CazCoj+Mn;_O¢ samples were
synthesized via solid state reactions from high-purity cal-
cium carbonate CaCOj3 and MnO,, CuO, and CoO oxides
containing a minimum of 99.9% of the main substance. The
mixtures of initial substances were pressed into pellets and
annealed first at 950°C for 30h and then at 1000°C
(CazCo0,0¢), 1130°C (CazCuMnOg), or 1200°C
(CazCoMnOg¢ and Ca3zCo;.25Mng.750¢) for 24h. A lower
temperature of Caz;Co0,0O¢ synthesis is required because it
decomposes at 1036°C (7). The final treatment of the sam-
ples was performed in an oxygen atmosphere at 1000°C for
4 h with subsequent slow cooling. The phase composition of
the sintering products was controlled by X-ray powder
diffraction analysis with a DRON-2 diffractometer using
CuKuo radiation.

X-ray diffraction data were obtained at room temper-
ature in CuKo radiation using the automatic diffractometer

0022-4596/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.



294

STADI-P (STOE, Germany). X-ray diffraction patterns
were taken by points in the angle interval 20 from 5° to 120°
with a step of 0.02°. Neutron diffraction data were collected
from 5-105° 260 with a step of 0.1° and neutron wavelength
4 =1.8031A using a D2A setup of the reactor IVV 2M
(Zarechny). These data were employed in the calculations.

The crystal structure of Ca;CuMnQOg was refined on the
basis of combined X-ray and neutron diffraction data using
a program of full-profile analysis according to Rietveld’s
GSAS program (9).

The oxygen content in the samples was determined by
thermogravimetric analysis (TGA) in hydrogen flow at
900°C. In the calculations it was taken into account that Cu
and Co in the reduction products appeared as metals, while
Mn was reduced to the bivalent state. In accordance with
TGA data, the oxygen content in monophase samples was
close to stoichiometry and corresponded to an index
6.00 + 0.03.

Magnetic measurements were obtained using an MPMS
SQUID magnetometer at temperatures from 2 to 300 K.
Magnetic susceptibility was measured in magnetic fields of
0.5, 5, and 8.9 kOe after the samples were cooled in zero and
measured magnetic fields. Magnetization measurements
were performed in magnetic fields from 1 to 50 kOe at
temperatures below and above the magnetic ordering point.

RESULTS AND DISCUSSION

Initial mixtures of Mn, Co oxides and CaCQOj; taken in
ratios corresponding to the formula Caz;Coy+xMn;—Opg
(x=0, 025, 0.5, 1.0, —0.25) were annealed to prepare
monophase samples with x = 0, 0.25, 1.0 as determined by
X-ray diffraction studies. Impurity phases in the remaining
samples were detected irrespective of the synthesis tem-
perature. The presence of both Caz;Co,0¢ and
Ca3Co01.25Mng. 7506 in the samples with x = 0.5 indicates
that there is no complete mutual solubility between the
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final phases of the analyzed system (Ca3;Co0,0O¢ and
Ca3;CoMnOQsg). This can be associated with essential differ-
ences in the preferences of cobalt and manganese cations to
occupy available crystallographic positions, as well as with
individual features of these compounds.

Figure 1 displays X-ray diffraction patterns of
Ca3z;CoMnQOg which were indexed, like in the case of
CazCo01.25Mnp. 7503, in a hexagonal symmetry in the
R — 3¢ space group (K4CdCle-type structure). Table 1 lists
the unit cell parameters of the obtained compounds in the
rhombohedral symmetry, parameters of isostructural oxides
CazAMnOs, where A = Ni, Zn (1-4), and ionic radii of A2%
cations (10).

As follows from Table 1, the lattice parameters of both
Mn-containing phases considerably exceed those for
Ca3Co0,0¢ which is likely to result from larger dimensions
of Mn cations as compared with Co cations. This con-
clusion is confirmed by intermediate values of
Ca3Co1.25Mng 7506 parameters. Comparison of the para-
meters for CazCoMnQOg and CazAMnOg where A = Ni, Zn
shows that their dependence on the ionic radius of the
d-element bivalent cation agrees with the increase in the
dimension of the latter radii only in the series Ni?*-Zn?".
The Co-containing phase is characterized by lattice
parameters only slightly exceeding the parameters
of CazNiMnOs although cobalt has the largest ionic
radius among the considered bivalent cations. Perhaps
this is associated with the earlier established (4) partial
(8%) replacement of Ni*" by Mn?* cations with a larger
ionic radius [0.83 A (10)] which takes place in trigonal
prisms.

The structure of Sr3NilrOg (6) was used as an initial
model for neutron diffraction refinement of the structure of
Ca3;CoMnOQOeg. In this model (space group R — 3¢, z = 6)
large-size ions (cobalt ions) are localized in the centers of
trigonal prisms (6a positions) and smaller ions (manganese
ions) in octahedra (6b positions). Alkaline earth elements are
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X-ray diffraction patterns of Ca;CoMnOy.
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TABLE 1
Unit Cell Parameters of Ca;Co,, Mn,
Ca;AMnOyg (A = Co, Zn, Ni)

_.0Og and
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TABLE 2
Structural Parameters for Ca;CoMnQy at 293 K
(Standard Deviation in Parentheses)

Compound a, A ¢ A V,A3 R(42*),A  Atom Site X/a Y/b Z/c B, A2
Ca,Co,0, 9.0776(1)  10.3817(1)  740.87 Ca 18¢ 0.3621(1) 0.0 1 0.70(6)
Ca3C01 ,Mn, o0, 9.1257(11)  10.5517(20)  761.01(19) Mn 6b 0.0 0.0 0.0 0.26(5)
Ca,CoMnO, 9.1314(1)  10.5817(1)  764.12(5) 0.745 Co 6a 0.0 0.0 1 0.98(5)
Ca,ZnMnO, 9.1443(6)  10.6318(13) 769.91(12) 0.74 e} 36f 0.17792)  0.0247(2)  0.1080(1)  0.64(4)
Ca,NiMnO, 9.1227(10) 10.5811(17) 762.62(18) 0.69

Note. Ry = 5.1%, Ry = 5.37%, R, = 5.07%.

positioned in square antiprisms with coordination number
8 (18 ¢) and oxygen atoms occupy 36 sites.

The refinement performed shows that 6b sites in the
Ca3CoMnOg structure are occupied by Mn. Co atoms are
localized in 64, calcium in 18e, and oxygen in 36f'sites. The
results of the refinement are given in Table 2. The experi-
mental and difference neutron diffraction patterns, as well as
a calculated stroke diagram, are presented in Fig. 2. On the
basis of these data and the crystal lattice parameters of
Caz;CoMnOg (Table 1) we have calculated interatomic dis-
tances in oxygen polyhedra. The Co-O bonding length
(2.140 .&) is close to that found for Ni-O in CazNiMnOg
[2.137 A (3)]. The Mn-O distance (1.905 A)is in a very good
agreement with those observed in the perovskite 5-SrMnQOj;
[1.903 A (11)], B-Sr2MnOy [1.894 A (12)], and CasNiMnOs
[1.905;\ (3)]. The Ca-O bonding lengths in the square
antiprism CaOg equal 2.349(1) x 2, 2.463(1) x 2, 2.468(2) x 2,
and 2.619(1) x 2. Allowing for the empirical relationships
“bonding length — bonding tension” (13) we estimated the
degrees of cation oxidation to be 3.9(1) for Mn, 1.8(2) for Co,

and 1.9(2) for Ca. The results obtained support the
conclusion that the compound under analysis contains
in its structural motif isolated chains of the form-
Mn**-Co?*-Mn**-Co?* - etc.

Interatomic distances Co-Mn inside the chains amount
to 2.645 A. This small value results from the fact that oc-
tahedra with Mn cations and Co-containing trigonal prisms
which alternate in finite chains share faces with each other.
The presence of rather short Mn—-Co distances, however,
does not lead to the formation of metal-metal bonds and
according to specific electroresistance measurements this
substance is an insulator.

The results of magnetic susceptibility measurements for
the obtained three complex oxides given in Fig. 3 bear
witness to the ferromagnetic nature of the compound
CazC0,0¢ with Tx = 24K. The replacement of 37.5 and
50% of Co by Mn brings about a transition from ferromag-
netic to antiferromagnetic exchange interaction between
paramagnetic atoms in the chains. This is also confirmed
by the change in the sign of the Weiss’s constant 0 from
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FIG. 2. Neutron Rietveld analysis for Ca;CoMnOyg at 293 K showing (1) the observed, (2) calculated, and (3) difference patterns.
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FIG. 3. Inverse magnetic susceptibility y as a function of temperature

for (1) Ca3;CoMnOg, (2) Ca3;Coy.,5Mng, 7506, and (3) Ca3Co0,04.

a positive value for CazC0,0s ( + 30 K) to negative ones of
Ca3C01,25Mn0,7506 (— 20 K) and Ca3C0Mn06 (— 45 K),
as well as by the absence of spontaneous magnetic moment
in the latter compound at temperatures below the magnetic
transformation point. Neel temperatures found by maxima
on y=f(T) curves are equal to 18 and 13K for
CaCo01.25Mng 7506 and Ca3zCoMnOg, respectively. To
elucidate the possibility of establishing a long-range mag-
netic order at low temperatures, we performed neutron
diffraction studies of CazCoMnQOs at 4.2 K. The findings,
however, pointed only to the presence of a short-range order
in the arrangement of magnetic moments of cations: instead
of clear-cut magnetic reflections, the diffraction pattern con-
tained additional wide low-intensity peaks.

The magnetic susceptibility of all examined compounds
obeys the Curie-Weiss law y = C/(T — 0) at temperatures
above 75-120 K (Fig. 3). Experimental values of constants
C, 0, and magnetic moments jy, are listed in Table 3.
According to (8), cobalt atoms in Ca3;Co0,0O¢ occupying
octahedral sites are in the low-spin trivalent state Co®™"
(LS), while those positioned in trigonal prismatic sites are
in the high-spin trivalent state Co** (HS). The resultant

TABLE 3
Magnetic Properties of Ca;Co,, Mn,_.Oq

Compound C,mol™" ©,K Ceary mol ™! Hexps B Heate
C2a3C0,04 334 430 30 517 490
Ca;Coy ,sMng 1506 3.85 —20 3.37 (Co?*HS-Co®*LS-Mn*") 555 520
Ca3;CoMnOyg 424 —45 3.75(Co**HS-Mn**) 5.82 5.48

4.0 (Co’*HS-Mn>*LS) 5.67
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magnetic moment calculated in conformity with the elec-
tronic configurations of these cations is 4.90 pg per formula
unit which closely agrees with the experimental value pexp
(5.17 up) for our sample Ca3Co0,0¢. For CazCoMnOyg, the
experimental values of pey, and C are in satisfactory agree-
ment with the values calculated for two types of cation
combinations Co?*(HS)-Mn** and Co**(HS)-Mn?*(LS).
For the first combination, large experimental values of pg
and C as compared with the calculated estimates
(see Table 3) can be explained by incomplete freezing of the
orbital component of the magnetic moment for Co?* (14).
The second combination agrees with the experimental
data provided that high-spin cations Co®** occupy trigonal
prismatic sites like in Ca3Co0,Os, whereas Mn3®*(LS)
cations having smaller dimensions are localized in octa-
hedral sites. Considering the results of structural investiga-
tions, it may be inferred that the cation combination
Co?*(HS)-Mn** is present in this oxide. This explains
the fact established in the process of synthesis that
there is no complete mutual solubility between Ca3Co,0s
and Ca3z;CoMnQOs. Unlimited solubility suggests the
presence of different-valence cations in both prismatic and
octahedral sites: the former sites should be occupied by
Co3*(HS) along with Co?* cations, while the latter ones
should be occupied by Mn** and Co®*(LS) cations. Such
a situation seems to be unlikely in view of the dimension
factor.

Our conclusion about the cation combination is in
conformity with the data reported in (15, 16) where the
magnetic properties of LnCop.sMng.sO3; perovskites
(Ln = rare-earth element) are explained in terms of an
indirect exchange interaction between Co?" and Mn**
cations. Taking into account the foregoing concepts and the
results of comparative analysis between the experimental
and calculated values of Curie’s constants and magnetic
moments, it may be suggested that cobalt and manganese in
Ca3zCo01.25Mng.750¢ are also mainly in the bi- and tet-
ravalent states, respectively. Some cobalt ions are possibly
in the form of low-spin cations Co**(LS) in the octahedra.
In this case Co®" (HS) cations are partially present in the
prisms alongside Co?™. This assumption is indirectly sup-
ported by research on the magnetic properties of
Ca3Co;.25Mng.7506. Magnetization measurements, for
example, show that for Caz;Co; 25Mng.750¢ below the mag-
netic transition point there is a noticeable discrepancy be-
tween the values obtained when the samples were cooled in
measured and zero magnetic fields (Fig. 4). As for
Ca3zCoMn0Oe, this discrepancy is very insignificant. In addi-
tion to that, at 2 and 15 K the magnetization versus applied
magnetic field dependence for CazCo; 5Mng 7506 was
detected to deviate from a straight line (Fig. 5) which
may imply the existence of a ferromagnetic component
at temperatures below the magnetic ordering point. How-
ever, it should be pointed out that some nonlinearity is also
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FIG. 4. Magnetic susceptibility y as a function of temperature for Ca3;Co; ,5Mng 750 after cooling the sample (1) in measured and (2) zero magnetic

field.

observed for the analogous dependence for Ca;CoMnQO¢
(Fig. 6).

Originally the structure of Sr3NilrOg (4, 5) was used as an
initial model for refining the crystal structure of
Ca3;CuMnOg, as was the case with Ca;CoMnQg. Structural
refinement with the use of these data yielded no results since
the difference X-ray diffraction pattern contained diffraction

c/emug

lines forbidden in the R-3c¢ space group. Refinement para-
meters were essentially improved when the structure of
Sr;CuPtOq (17, 18) with a monoclinic lattice (space group
C2/c, z = 4) was used as a model. In this compound stron-
tium occupies 4e and 8f, copper 4e, platinum 4c¢, and three
types of oxygen atoms 8f sites. The coordination of copper
atoms in Sr;CuPtOg changes from trigonal prismatic to

I T T T 1
20000

30000 40000 50000

H (Oe)

FIG. 5. Magnetization ¢ of Ca;Co; ,sMn, ;504 as a function of applied magnetic field at (1) 15, (2) 2, and (3) 100 K.
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FIG. 6. Magnetization ¢ of Ca;CoMnOy as a function of applied magnetic field at (1) 15, (2) 2, (3) 10, and (4) 100 K.

square planar because they were displaced from the center minimum was reached, the computational and experimental
of the prisms to one of the rectangular faces of the coordina-  diffraction patterns differed substantially. The latter con-
tion polyhedron. Mn atoms in this model remain in oc- tained additional lines incompatible with either C2/c¢ and
tahedral sites. However, the model failed too. Although the P2/c¢ (subgroup of the C2/c group) or P2/m space groups.

TABLE 4
Structural Parameters for Ca,CuMnO; at 295K

Atom Site X y z U, Fract.
Cal 2i 0.3097(19) 0.0748(18) 0.6144(23) 1.34(6) 1.0

Ca2 2i —0.3202(21) 0.0711(18) —0.1053(25) 1.34(6) 1.0

Ca3 2i 0.8152(20) 0.5695(19) 0.6093(24) 1.34(6) 1.0

Ca4 2i 0.1772(19) 0.5609(18) —0.1221(23) 1.34(6) 1.0

Ca5s 2i — 0.0040(19) 0.1122(17) 0.2555(26) 1.34(6) 1.0

Cab6 2i 0.5019(20) 0.6109(15) 0.2544(24) 1.34(6) 1.0

Mnl 2i 0.2532(14) 0.2477(18) — 0.0075(18) 1.59(7) 1.0

Mn2 2i 0.7483(14) 0.2428(18) 0.4987(18) 1.59(7) 1.0

Cul 2i 0.4877(11) 0.2634(10) 0.2785(14) 1.59(7) 0.902 (11)
Mn3 2i 0.4877(11) 0.2634(10) 0.2785(14) 1.59(7) 0.098 (11)
Cu2 2i 0.0299(10) 0.7760(11) 0.1812(14) 1.59(7) 1.000 (15)
0O1 2i 0.2235(21) 0.3326(23) 0.7121(34) 0.46(6) 1.0

02 2i —0.2175(24) 0.3263(19) —0.2275(32) 0.46(6) 1.0

03 2i 0.7410(22) 0.8006(21) 0.7198(26) 0.46(6) 1.0

04 2i 0.2562(23) 0.8027(23) —0.2128(29) 0.46(6) 1.0

05 2i 0.3692(27) 0.4264(23) 0.0759(37) 0.46(6) 1.0

06 2i — 0.8557(24) 0.4206(21) 0.4051(32) 0.46(6) 1.0

o7 2i 0.8557(24) 0.9236(23) 0.0707(35) 0.46(6) 1.0

08 2i 0.1421(25) 0.9058(18) 0.4136(30) 0.46(6) 1.0

09 2i 0.06149(23) 0.3517(21) 0.0355(33) 0.46(6) 1.0

010 2i —0.637(24) 0.3472(22) 0.4625(32) 0.46(6) 1.0

o11 2i 0.5620(26) 0.8565(19) 0.0392(30) 0.46(6) 1.0

) )

o1 2i 0.4450(25) 0.8607(21 0.4558(33) 0.46(6 1.0
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diffraction patterns for Ca;CuMnOg at room temperature.

Their positions turned out to be compatible with the
space group P —1 (z =4) which is a subgroup of the
C2/c space group and with triclinic unit cell parameters:
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° Ca
e Mn
° Cu
° O

FIG. 8. Crystal structure projection of Ca;CuMnOg on the (010) plane
showing the unit cell of the compound and isolated chains of MnOg
octahedra of two types and CuQg trigonal prisms of two types.

a=88243(4) A, b=9.1565(4)A, c¢=636353)A, o=
90.203(3)°,p = 92.899(3)°, y = 90.156(3)°. All atoms in this
triclinic cell, which is a derivative of the monoclinic cell
of Sr;CuPtOy, are localized in common 2i sites. A sharp
global minimum in isotropic approximation of thermal
parameters for similar species atoms was obtained using the
following relationships of reliability factors of X-ray and
neutron diffraction profiles: wg = 3.47/2.28, R, = 2.53/1.77,
DWd = 0.846/1.243, R(F?) = 8.56/1.58, y* = 1.355. A total
of 154 various parameters including profile ones were em-
ployed in the calculation. The values of individuals thermal
parameters were not determined in view of the large number
of parameters. Figures 7a and 7b present experimental
(crosses), theoretical (solid line), and difference diffraction
patterns obtained on the basis of X-ray and neutron diffrac-
tion measurements, respectively. A projection of the crystal
structure on the (010) plane in given in Fig. 8. The results of
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FIG. 9. Magnetic susceptibility y as a function of temperature for Ca;CuMnOy.
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TABLE 5
Bond distances in Ca;CuMnO
(Standard Deviation in Parenthesis)

Atom Distances, A Atoms Distances, A
Cal-Ol 2.567(26) Ca6-01 2475(23)
Cal-03 2.440(23) Ca6-02 2.574(26)
Cal-04 2.775(26) Ca6-05 2.314(26)
Cal-07 2.538(24) Ca6-05 2.463(28)
Cal-08 2.448(25) Ca6-06 2.298(29)
Cal-O11 2.504(27) Ca6-06 2.560(25)
Cal-012 2.531(28) Ca6-011 2.702(23)
Cal-013 2.308(25) Ca6-012 2.679(26)
Ca2-02 2.637(23) Mn1-O1 1.954(24)
Ca2-02 2.778(25) Mnl-03 1.883(20)
Ca2-02 2.370(27) Mn1-05 1.984(26)
Ca2-02 2.310(29) Mn1-0O7 1.869(25)
Ca2-02 2.584(26) Mn1-09 1.975(23)
Ca2-02 2.427(24) Mn1-O11 1.911(24)
Ca2-02 2.294(25)
Ca2-02 2.518(29) Mn2-02 1.909(25)
Mn2-04 1.863(23)
Ca3-0l1 2.247(26) Mn2-06 1.982(26)
Ca3-02 2.483(20) Mn2-08 1.748(21)
Ca3-03 2.333(24) Mn2-010 1.937(22)
Ca3-05 2.645(27) Mn2-012 1.984(22)
Ca3-06 2.407(26)
Ca3-09 2.559(28) Cul-03 2.101(22)
Ca3-010 2.502(26) Cul-04 2.399(23)
Ca3-010 2.385(25) Cul-05 2.206(24)
Cul-06 2.080(20)
Ca4-0O1 2.383(27) Cul-011 2.319(22)
Cad-02 2.459(26) Cul-012 2.101(22)
Cad-04 2.401(25)
Cad-05 2.405(29) Cu2-01 2.569(19)
Ca4-06 2.502(23) Cu2-02 1.914(23)
Cad4-09 2.414(24) Cu2-07 2.1543(25)
Cad-09 2.346(22) Cu2-08 2.101(23)
Cad-010 2.490(25) Cu2-09 1.946(26)
Cu2-010 2.540(19)
Ca5-03 2.449(26)
Cas5-04 2.362(25) Mn1-Cul 2.689(17)
Ca5-07 2.393(26) Mn1-Cu2 2.688(14)
Cas5-07 2.530(27) Mn2-Cul 2.639(15)
Ca5-08 2.478(23) Mn2-Cu2 2.759(17)
Ca5-08 2.492(24)
Ca5-09 2.683(25)
Ca5-010 2.588(26)
combined refinement of the crystal structure of

Ca3;CuMnOg are listed in Table 4. In contrast to
Sr3;CuPtOg, Ca;CuMnOy is characterized by the presence
of two types of sites both for Cu and Mn atoms. From the
computation of atomic sites’ occupation (Table 4) it follows
that Cul sites are 90% occupied by copper and 10% by
manganese, whereas Cu? sites are 100% occupied by cop-
per. Table 5 presents the main cation-anion interatomic
distances for Ca;CuMnQOyg. Copper atoms of two species
(Cul =0.9Cu + 0.1Mn, Cu2 = Cu) are inside the trigonal
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prisms. However, analysis of copper-oxygen interatomic
distances shows that the coordination number (4 + 2)
is characteristic virtually of both species of copper atoms.
If we assume a square-planar surrounding (coordination
number 4), the mean copper—-oxygen distances in Cul and
Cu2 sites are 2.122 and 2.026 A, respectively. Such a
surrounding is a manifestation of the Jahn-Teller effect
exhibited by bivalent copper cations. Since Cul sites are
10% occupied by manganese, the Jahn-Teller effect is par-
tially suppressed. This is accompanied by an increase in the
mean cation-anion distance (2.122A) for coordination
number 4 and by a displacement of these atoms to the
center of the trigonal prism. For this case (coordination
number 4 + 2) the mean Cul-O distance is 2.201 A. At
the same time Cu2 atoms are practically in the center
of the side face of the trigonal prism. The mean Cu2-O
distance for coordination number 4 (2.026 A) is similar to
those found for Sr;CuPtOg (2.007 and 2.017 /OX) (18). Two
types of manganese atoms (Mnl and Mn2) are inside oc-
tahedral with mean manganese-oxygen distances of 1.929
and 1.904 A, respectively. These values are in good agree-
ment with those observed in Ca;NiMnOg (4) and
Ca;CoMnOg (1.905 A).

The crystal lattice of this compound contains six species
of calcium atoms localized inside distorted square anti-
prisms (coordination number 8). The mean Ca-O distances
change from 2.425 to 2.513 A. As follows from Fig. 8, the
combination of edge-shared octahedra and trigonal prisms
gives rise to isolated zigzag chains of alternating copper and
manganese atoms ..MnlCulMn2Cu2Mnl... etc. These
chains are separated from each other by columns of dis-
torted square oxygen antiprisms with Ca atoms inside them.

It is interesting to compare the structure of Ca;CuMnOy
with the structures of other low-dimensional Cu-containing
oxides, in particular Sr;CulrOg (5) and BagCuMn, O 5 (20).
As indicated above, the symmetry of the former compound
decreased to monoclinic (C2/c). This is due to the fact that
Cu cations are displaced from the center of trigonal-pris-
matic positions into one of the rectangular faces of the
polyhedron. In this oxide Cu is completely ordered in the
square-planar faces. However, the symmetry of the latter
compounds is not lowered. The reason for this, in the
opinion of the authors (20), is that the cation disorder
quenches the cooperative Jahn-Teller distortion. In this
compound the trigonal-prismatic sites are 67% occupied by
Cu and 33% by Mn. We have found that Ca;CuMnOy has
a more ordered distribution of Mn and Cu cations in oc-
tahedral and prismatic sites. As a consequence, the crystal
symmetry of this oxide is lowered, too (P —1).

The low-temperature magnetic measurements performed
showed that the temperature versus magnetic susceptibility
dependence of Ca;CuMnOyg exhibits a clear-cut maximum
at 6K (Fig. 9) which may be indicative of a transition
of the oxide to a magnetically ordered (most probably,
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FIG. 10. Inverse magnetic susceptibility y ' as a function of temper-

ature for Ca;CuMnOg.

antiferromagnetic) state. The magnetic susceptibility y of
Ca;CuMnOg obeys the Curie-Weiss law y = C/(T — 0)
above 50 K (Fig. 10). Constants C and 0 from the Curie-
Weiss equation equal 2.28 and — 85K, respectively. The ef-
fective magnetic moment (4.27 pg) is close to the theoretical
one for the cation combination Cu?*-Mn** (4.24 pg). The
dependence between magnetization and magnetic field is of
a linear character both below and above 6 K, which is indi-
cative of the absence of a spontaneous magnetic moment in
Ca;CuMnOg.

Thus, the aforesaid shows that Ca;CuMnOy is the first
representative of compounds from the A3, 34,B3+,009+6n
family (19) (n = inf, structural type Sr,PtOg) with a triclinic
crystal lattice (space group P — 1, z = 4). Magnetic suscepti-
bility studies performed give us grounds to assume that the
long-range magnetic order (apparently antiferromagnetic) is
possible in this compound below 6 K.
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