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Abstract
The effect of substituting Ti for Mn in the ferrimagnetic perovskite
CaCu3Mn4O12 has been studied in the series CaCu3Mn4−x Tix O12 (x =
0.3, 0.5, 1.0, 1.5, 2.0, 3.0). These materials have been prepared in polycrys-
talline form under moderate pressure conditions of 2 GPa and 1000 ◦C in
the presence of KClO4 as an oxidizing agent. The crystal structure is cu-
bic, space group Im3̄ (No. 204); the unit cell parameters vary linearly from
a = 7.2361(4) Å (x = 0.3) to a = 7.3489(5) Å (x = 3.0) at room tem-
perature (RT). A neutron powder diffraction study has been performed for a
selected sample of nominal composition CaCu3Mn3TiO12. In the ABO3 per-
ovskite superstructure, the A positions are occupied by Ca2+ and (Cu2+

2.5Mn3+
0.5),

ordered in a 1:3 arrangement, giving rise to the body-centring of the unit cell.
At the B positions, Mn and Ti are randomly distributed over the octahedral
sites; (Mn, Ti)O6 octahedra are considerably tilted by 19◦, due to the rela-
tively small size of the A-type cations. The Curie temperatures decrease from
331 K (x = 0.3) to 310 K (x = 3.0). The saturation magnetization at 5 K
is strongly reduced upon Ti introduction, from Ms = 10.4 μB fu−1 (x = 0.3)
to 1.0 μB fu−1 (x = 3.0). All the samples exhibit negative magnetoresistance
(MR), reaching a maximum value of 41% for the x = 0.5 sample at 5 K for
H = 9 T; the MR(9 T) at RT is as high as 7% for x = 0.5, and shows an
appreciable temperature stability.

(Some figures in this article are in colour only in the electronic version)

M Supplementary data files are available from stacks.iop.org/JPhysCM/18/6841

1. Introduction

Since the report of colossal magnetoresistance (MR) properties in hole-doped manganese
perovskites of composition La1−xAx MnO3, very few oxide systems have been described to
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show these appealing properties, simultaneously exhibiting ferromagnetic and half-metallic
character [1]. Besides the simple oxides CrO2 and Fe3O4, some selected complex oxides such
as the pyrochlore Tl2Mn2O7 or the double perovskite Sr2FeMoO6 and substituted derivatives
have been demonstrated to show non-negligible MR at room temperature, as required for
technological applications [2].

Recently, the complex perovskite CaCu3Mn4O12 [3, 4] has attracted the interest of
solid-state scientists, since it exhibits a considerable low-field magnetoresistance at room
temperature, decoupled with TC (355 K). CaCu3Mn4O12 was first reported by Chenavas et al
[5]. The crystal structure of CaCu3Mn4O12 has the originality of containing Cu2+ (or other
Jahn–Teller transition metal cations, such as Mn3+) at the A positions of the ABO3 perovskite;
this Jahn–Teller cation and Ca2+ are 3:1 ordered in a 2a0×2a0×2a0 cubic cell of Im3̄ symmetry
(where a0 = unit cell of the perovskite aristotype). This perovskite is strongly distorted,
showing an important tilting of the MnO6 octahedra, given the small size of the cations
at the A positions. Density functional calculations [6] show that CaCu3Mn4O12 is a spin-
asymmetric ferrimagnetic semiconductor, where Cu spins are antiferromagnetically coupled to
Mn magnetic moments and the existence of a spin-dependent gap implies a thermally induced
transport that is 100% polarized.

The flexibility of this structural type, of general formula AA′
3B4O12, has been

demonstrated to be high concerning the different cationic substitutions that it is able to
accommodate. A is generally a large monovalent or divalent or rare-earth cation; A′ is Cu2+
or Mn3+; and B can be Mn4+/3+, Ti4+, Ru4+, or Ge4+ [7, 8]. For instance, the replacement
of Ca2+ cations by rare earths in the RCu3Mn4O12 family (where R = rare earths), implies
an electron doping effect that affects the magnetic and transport properties, as demonstrated
recently [9, 10]. Also, Cu2+ can be replaced by another Jahn–Teller-like cation, typically Mn3+,
in the series CaCu3−xMn4+x O12 [4, 11].

The preparation of CaCu3Mn4O12 and other compounds of the AA′
3B4O12 family has

been described to require high-pressure conditions (7 GPa), necessary to stabilize the small
A cations in the 12-fold positions of the perovskite. Recently, we have been able to synthesize
well-crystallized (polycrystalline) samples of some new derivatives of CaCu3Mn4O12 at
moderate pressures of 2 GPa, starting from very reactive precursors obtained by wet-chemistry
procedures, in the presence of KClO4 as an oxidizing agent [12, 13].

On the other hand, when B = Ti4+, completely different but also very appealing properties
have been described for CaCu3Ti4O12 [14–17]: this compound has also attracted much
attention since the recent report of a high dielectric constant (∼10.000 at 1 kHz) by
Subramanian et al [14]. Normally, high dielectric constants are found in ferroelectric materials;
however, this Ti phase does not show any evidence of ferroelectric behaviour or any phase
transitions. It is also cubic, with the same space group and crystallographic features as
CaCu3Mn4O12, including a strong tilting of the TiO6 octahedra. It has been reported to
show a semiconducting behaviour, the origin of which is not well understood; it could be
either an intrinsic mechanism or an extrinsic mechanism associated with departures from ideal
stoichiometry [17].

In this work we have undertaken the study of the CaCu3(Mn4−xTix)O12 solid solution.
It is expected that, upon departure from CaCu3Mn4O12 by replacing Mn4+ by non-magnetic
Ti4+ cations, a progressive reduction of magnetization and conductivity is realized, but the
consequences for the magnetoresistance are not evident, since a slight phase separation of
Ti-rich phases in the grain boundary could enhance extrinsic, low-field magnetoresistance
for certain compositional ranges. This paper reports on the structural, magnetic and
magnetotransport properties of some selected oxides for x = 0.3, 0.5, 1.0, 1.5, 2.0
and 3.0.
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2. Experimental details

CaCu3Mn4−x Tix O12 (x = 0.3, 0.5, 1.0, 1.5, 2.0 and 3.0) materials were obtained as black
polycrystalline powders by a chemical route using citrates as precursors. Stoichiometric
amounts of analytical grade CaCO3, Cu(NO3)2·3H2O, and MnCO3 were dissolved in citric
acid. The solution was slowly evaporated, leading to an organic resin which was dried
at 120 ◦C. The sample was then heated at 600 ◦C for 12 h in order to eliminate all the
organic materials and nitrates. This precursor was thoroughly ground with the stoichiometric
amount of TiO2 and KClO4 (30% in weight), put into a gold capsule (8 mm diameter;
10 mm length), sealed, and placed in a cylindrical graphite heater. The reaction was carried
out in a piston–cylinder press (from Rockland Research Co.) at a hydrostatic pressure of
2 GPa at 1000 ◦C for 60 min. Then the material was quenched to room temperature and
the pressure was subsequently released. The in situ decomposition of KClO4 provides the
high O2 pressure required to stabilize Mn4+ cations. A fraction of the raw product, obtained
as a dense, homogeneous pellet, was partially ground to perform the structural and magnetic
characterization; some as-grown pellets were kept for magnetotransport measurements. The
ground product was washed in a dilute HNO3 aqueous solution, in order to dissolve KCl coming
from the decomposition of KClO4 and to eliminate small amounts of unreacted CuO; then the
powder sample was dried in air at 150 ◦C for 1 h.

The characterization by XRD was performed using a Bruker-AXS D8 diffractometer
(40 kV, 30 mA), controlled by DIFFRACTplus software, in the Bragg–Brentano reflection
geometry with Cu Kα radiation (λ = 1.5418 Å). A secondary graphite monochromator
allowed the complete removal of Cu Kβ radiation. The data were obtained between 10 and
100◦ 2θ in steps of 0.05◦. A neutron powder diffraction (NPD) pattern for a selected sample of
composition CaCu3Mn3TiO12 was acquired at the high-flux D20 diffractometer of the Institut
Laue–Langevin in Grenoble (France). The sample, weighing 1 g, was packed in a vanadium
holder of 6 mm diameter. The pattern was collected at room temperature with a wavelength
of 1.31 Å and a counting time of 1 h in the high-resolution mode. The NPD pattern was
analysed by the Rietveld method, using the FULLPROF program [18]. The line shape of the
diffraction peaks was generated by a pseudo-Voigt function, and the background was refined
to a fifth-degree polynomial. The coherent scattering lengths for Ca, Cu, Mn, Ti and O
were, respectively, 4.70, 7.718, −3.73, −3.438 and 5.803 fm. In the final run, the following
parameters were refined: background coefficients, zero-point, half-width, pseudo-Voigt and
asymmetry parameters for the peak shape; scale factor, positional and occupancy factors for
oxygens; thermal isotropic factors for all the atoms; and unit-cell parameters.

The dc magnetic susceptibility was measured using a commercial superconducting
quantum interference device (SQUID) magnetometer on powdered samples, in the temperature
range 5–400 K; transport and magnetotransport measurements were performed using the
conventional four-probe technique, under magnetic fields of up to 9 T in a PPMS system from
Quantum Design.

3. Results and discussion

CaCu3Mn4−x Tix O12 oxides were obtained as black, well-crystallized powders. The laboratory
XRD diagrams are shown in figure 1. The patterns are characteristic of cubic perovskites
showing sharp, well-defined superstructure reflections due to the 1:3 ordering of Ca and Cu
cations, and can all be indexed in the Im3̄ space group. The unit-cell parameters are listed in
table 1. A regular increase in the a unit-cell parameter is observed along the series, which can be
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Figure 1. XRD patterns for CaCu3Mn4−x Tix O12 (x = 0.3, 0.5, 1.0, 1.5, 2.0, 3.0).

Table 1. Unit-cell parameters and magnetic and magnetotransport constants of the perovskites
CaCu3Mn4−x Tix O12.

x 0.0a 0.3 0.5 1.0 1.5 2.0 3.0
a (Å) 7.227 93(5) 7.2361(4) 7.2432(6) 7.2650(9) 7.283(1) 7.305(1) 7.3489(5)

V (Å
3
) 377.608(5) 378.89 380.0 383.45 386.30 389.82 396.89

TC (K) 345 331 325 330 325/253 322/210 310/100
Ms (μB fu−1) 10.2 10.4 9.0 7.5 6.0 3.8 1.0
MR (%) 34 27 41 39 36 — —
5 K, 9 T
MR (%) 7 7 6.5 6.0 4.5 4.5 1.0
300 K, 9 T

a Taken from [12].

ascribed to the larger size of Ti4+ cations (0.605 Å) versus Mn4+ cations (0.53 Å) in octahedral
coordination [19]. The reported parameter for the x = 0 compound [5], a = 7.241 Å,
slightly deviates from the trend mentioned; the size of the unit cell of Ca(Cu2.5Mn0.5)Mn4O12

(a = 7.2279(1) Å [12]) offers a better comparison with the present series, since the presence
of 0.5 Mn atoms at the Cu positions was also detected from NPD data, as described hereafter.
The linear evolution of the a unit-cell parameter and volume is displayed in figure 2.
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Figure 2. Variation of the a unit-cell parameter and volume with the Ti contents, x .

3.1. Structural refinement

The structural refinement was performed from RT NPD data for a selected sample of nominal
composition CaCu3Mn3TiO12 in the Im3̄ (No. 204) space group, with a unit-cell parameter
related to a0 (ideal cubic perovskite, a0 ≈ 3.8 Å) as a ≈ 2a0, using the CaCu3Mn4O12

structure as a starting model [5], with Ca atoms at 2a (0, 0, 0) positions, Cu at 6b (0, 1/2,
1/2) positions, Mn and Ti distributed at random at 8c (1/4, 1/4, 1/4) and O at 24g (x, y, 0)
sites. A reasonable fit (RI ≈ 6%) was obtained for this preliminary model. As a second
step, the possibility that some Mn3+ cations occupy some of the Cu2+ positions at 6b sites
was considered, and the complementary occupancy factors were refined, constrained to full
occupancy. Neutron diffraction is specially suited to detect a small fraction of Mn at Cu
positions, given the contrasting scattering lengths for both elements. After this refinement,
the quality of the fit was notably improved, reaching a discrepancy factor of RI = 3.2%. The
subsequent refinement of the occupancy factor for oxygen positions led to a slight deviation
from the full stoichiometry. The crystallographic formula for this material resulted in being
Ca[Cu2.54(1)Mn0.46(1)]6b [Mn3Ti]8c O11.6(1). Assuming a valence of 2+ for Cu cations, 3+ for
Mn at the 6b sublattice, and 4+ for Ti, the nominal valence for Mn at the 8c positions is
3.58(2)+. This average value corresponds to 58% Mn4+ and 42% Mn3+. Table 2 includes
the main atomic parameters and discrepancy factors after the refinement. Figure 3 shows the
agreement between observed and calculated NPD profiles at RT. Table 3 contains a list of
selected bond distances and angles.

The cubic perovskite superstructure of CaCu3Mn4−xTix O12, typified for Ca(Cu2.5Mn0.5)

(Mn3Ti)O12, contains several features that must be highlighted. Ca atoms are coordinated to 12
oxygen atoms, with equal Ca–O distances of 2.56 Å, while the oxygen environment for (Cu2+,
Mn3+) cations is highly irregular, with eight rather long distances (2.72 and 3.19 Å at RT) and
an effective coordination number of four, with Cu–O bond-lengths of 1.945 Å in a pseudo-
square arrangement (table 3). These CuO4 units are not strictly square, exhibiting O–Cu–O
angles of 94.8◦ and 85.2◦. At the B substructure of the perovskite, (Mn4+, Mn3+, Ti4+) cations
occupy the centre of virtually regular octahedra, with (Mn, Ti)–O bond-lengths of 1.923(1) Å at
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Figure 3. Observed (circles), calculated (full line) and difference (bottom) NPD Rietveld profiles
for CaCu3Mn3TiO12 at RT, collected at the high-flux D20-ILL diffractometer.

Table 2. Structural parameters for CaCu3Mn3TiO12 refined in the cubic Im3̄ space group at room

temperature from NPD. (Lattice parameters: a = 7.265(1) Å and V = 383.45 Å
3
. Discrepancy

factors: RP = 1.34%, Rwp = 2.00%, Rexp = 0.70%, χ2 = 8.24 and RBragg = 3.20%.)

Atom Site x y z focc B (Å
2
)

Ca 2a 0.0000 0.0000 0.0000 1.0 0.6(1)
Cu 6b 0.0000 1/2 1/2 0.848(1) 0.17(7)
Mn 6b 0.0000 1/2 1/2 0.152(1) 0.17(7)
Mn 8c 1/4 1/4 1/4 0.75 0.42(7)
Ti 8c 1/4 1/4 1/4 0.25 0.42(7)
O 24g 0.3029(2) 0.1812(2) 0.0000 0.968(8) 0.41(3)

Table 3. Main bond distances (Å) and selected angles (degrees) for CaCu3Mn3TiO12 determined
from NPD data at RT.

CuO12 polyhedra
Ca–O (×12) 2.564(1)
Cu–O (×4) 1.945(1)
Cu–O (×4) 2.7233(8)
Cu–O (×4) 3.195(1)
O–Cu–O 94.8(1)
O–Cu–O 85.2(1)
MnO6 octahedra
Mn–O (×6) 1.923(1)
O–Mn–O 90.29(7)
O–Mn–O 89.71(7)
Cu–O–Mn 108.85(5)
Mn–O–Mn 141.71(4)

RT. This distance is significantly longer than that observed for CaCu3Mn4O12, of 1.915(1) Å [5]
consistent with the incorporation of larger Ti4+ cations in the Mn4+ sublattice. A view of the
crystal structure of Ca(Cu2.5Mn0.5)(Mn3Ti)O12 is shown in figure 4. It is fairly distorted due to
the small size of Ca2+ and Cu2+ cations, which force the (Mn, Ti)O6 octahedra to tilt in order
to optimize the Ca–O and Cu–O bond distances. The tilting angle of the octahedra can simply
be derived from the (Mn, Ti)–O–(Mn, Ti) angle (141.7◦) to be 19◦ at RT. It is remarkable
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Ca

Cu

O Mn

Figure 4. View of the structure of CaCu3Mn4−x Tix O12. The c axis is vertical; the a axis is from
right to left. Large, medium and small spheres represent Ca, Cu, and O, respectively; the square-
planar coordination of Cu is highlighted. Corner-sharing (Mn, Ti)O6 octahedra are fairly tilted in
the structure to optimize Ca–O and Cu–O bond-lengths.

that, despite the increment in size of the (Mn, Ti)O6 octahedra with respect to the undoped
compound, which would suggest a decrease in the tolerance factor of the perovskite structure
and, hence, an increment in the tilting effect of the octahedra, we observe a virtually unchanged
Mn–O–Mn angle (142◦ for CaCu2.5Mn0.5Mn4O12 [12]). In this peculiar superstructure of
perovskite, the tilting angle of the octahedral units is strongly determined by the CuO4 square-
planar units, in such a way that an increment in the octahedral size is accommodated by an
expansion of the CaO12 and CuO4 units, which are, in this case, under a certain tensile stress.

3.2. Magnetic and electrical properties

The magnetization versus temperature curves shown in figure 5 exhibit the abrupt increase
characteristic of a spontaneous ferromagnetic ordering. The spontaneous magnetization
corresponds to the opposite alignment of Cu6b and Mn8c magnetic moments. The Curie
temperatures can be determined from the inflection in the magnetization curves. The TC s
for CaCu3Mn4−x Tix O12 are 331 K (x = 0.3), 325 K (x = 0.5), 330 K (x = 1.0), 325 K
(x = 1.5), 322 K (x = 2.0) and 310 K (x = 3.0), progressively decreasing from that
observed in the undoped ferrimagnetic system Ca(Cu2.5Mn0.5)Mn4O12 (TC = 345 K) [12]. As
shown in the inset of figure 5, the x = 3.0 compound shows a distinct behaviour, exhibiting a
much less abrupt magnetization increment below TC. The inflections observed in the curves
for x = 1.5, 2.0 and 3.0, at the temperatures indicated in table 1, could be ascribed to a
certain phase segregation, as will be commented on below. The magnetization versus magnetic
field isotherms collected at T = 5 K shown in figure 6 also exhibit a saturation magnetic
moment which decreases along the series, as 10.4, 9.0, 7.5, 6.0, 3.8 and 1.0 μB fu−1 for
x = 0.3, 0.5, 1.0, 1.5, 2.0, and3.0, respectively. It is clear that the introduction of non-
magnetic Ti4+ cations weakens the magnetic interactions and diminishes the total magnetic
moment at the B positions of the perovskite, leading to the observed reduction in the Curie
temperature and the saturation magnetization. To understand the observed values of saturation
magnetization, we can take the example of the x = 1.0 compound, for which the NPD data
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Figure 6. Magnetization isotherms at T = 5 K for CaCu3Mn4−x Tix O12.

have demonstrated partial occupancy of Mn3+ cations at Cu2+ positions. Previous studies
of the magnetic structure for Ca(Cu2.5Mn0.5)6bMn8cO12 [12] showed that the Cu2+ moments
are antiferromagnetically coupled to the Mn8c spins, giving a global ferrimagnetic structure,
whereas the Mn3+ spins at 6b positions adopt an almost perpendicular direction to Cu2+
moments and, therefore, do not contribute to the global magnetization. In our case, assuming
the same spin configuration for the perovskite Ca(Cu2.5Mn0.5)6b(Mn3+

1.26Mn4+
1.74Ti4+)8cO12, and

considering a contribution of 1 μB for spin-only Cu2+ (S = 1/2), 4 μB for Mn3+ and 3 μB
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Figure 7. Resistivity versus temperature curves for CaCu3Mn4−x Tix O12.

for Mn4+, we would obtain a net magnetization of 7.76 μB fu−1, in good agreement with the
observed value of 7.5 μB fu−1

It is worth commenting that, whereas the magnetization diminishes by about ten times from
x = 0.3 to 3.0, the Curie temperature decrease by less than 10% through the concentration
range studied. This situation is not unique and has been observed in different ferrimagnetic
systems where the magnetic atoms are diluted with non-magnetic atoms, leading to a dramatic
reduction in the global magnetization, depending linearly on the concentration of the magnetic
cation, but undergoing a minor perturbation of the strength of the magnetic interactions. In
this case, these interactions are not merely the superexchange coupling between Mn spins
within the B sublattice, certainly spoiled by the introduction of non-magnetic Ti4+ cations,
but are mediated by the Cu spins at the A sublattice, since the Cu–O–Mn magnetic coupling
is hardly hindered by the presence of Ti4+ at the B positions of the perovskite. An additional
example of ferrimagnetic systems with large TC s and poor saturation magnetizations are given
by the family of double perovskites Sr3Fe2B′O9 (B′ = W, Mo, U) [20–22], where the intrinsic
disordering of Fe and B′ cations over the B positions of the perovskite drastically reduces the
global ferrimagnetic moment but does not perturb the strong antiferromagnetic interactions
between neighboring Fe spins.

Figure 7 shows the resistivity versus temperature plots for the samples with different Ti
doping levels, x . Except for x = 0.3, which shows a positive slope characteristic of metallic
behaviour, the resistivity for all samples increases with cooling, exhibiting a semiconducting
behaviour. As the Ti content rises, the resistivity increases over the whole temperature range by
several orders of magnitude. For low doping levels (0.3 � x � 1.0) it is worth highlighting that
the observed value for ρ(T = 300 K), of around 102 � cm, is considerably smaller than that of
∼1.8 × 103 � cm described for the parent CaCu3Mn4O12 compound [3]. This low resistivity
value suggests an increase in the carrier density with respect to the parent compound, probably
related to the mixed valence state induced on the Mn cations at the B positions of the perovskite
as a consequence of the partial occupancy of Mn3+ at the Cu2+ sites. This effect is particularly
important for the x = 0.3 compound, which presents a metal-like temperature dependence of
resistivity, in contrast to the rest of compounds, including the parent oxide CaCu3Mn4O12; for
increasing doping levels, this effect is largely counteracted by the introduction of Ti4+ (d0),
progressively draining the electrons at the conduction band. It is worth mentioning that all
the pellets used for the transport measurements contain about 30% KCl, coming from the
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decomposition of KClO4 during the synthesis process and a small fraction of unreacted CuO;
however, since the amount of these insulating impurities is well below the percolation limit,
we believe its presence has little influence on the transport properties compared to the huge
changes described above, ascribable to electronic effects.

Regarding the changes in resistance under a magnetic field, we define MR(H ) = 100 ×
[R(H ) − R(0)]/R(0). Figure 8 illustrates the evolution of MR versus the magnetic field
as isotherms at selected temperatures in the H = 0–9 T range for CaCuMn3TiO12. The
magnetoresistance increases with decreasing temperature, reaching a maximum value of −39%
at 5 K and 9 T. At 300 K there is a non-negligible magnetoresistance of −6% at 9 T. The
most striking feature of these isotherms is the strong component of low-field MR, defined for
magnetic fields lower than 1 T. A value of MR(1 T) higher than 33% is observed at 5 K,
and it is non-negligible (about 2%) at RT. These figures make this compound a candidate for
applications in spintronics devices.

Similar measurements have been recorded for the remaining phases; the plots are available
as supplementary information at stacks.iop.org/JPhysCM/18/6841. The MR values exhibited
for the different Ti doping levels are listed in table 1, for T = 5 and 300 K. It is surprising that,
despite the smooth and continuous decrease in TC along the series, MR(5 K) slightly increases
and reaches a maximum for x = 0.5, and then decreases for higher doping levels. The fact that
MR in these materials is not related to the Curie temperature suggests a mechanism of spin-
polarized inter-grain tunnelling [23, 24]. We can conceive two mechanisms that account for the
increment in magnetoresistance with x in the low-doping region. From the point of view of the
intrinsic magnetotransport properties, the increase in resistance at low temperatures could be
ascribed to a reduction in the net number of carriers in the system upon Ti4+ doping. Recently,
Majumdar and Littlewood [25] demonstrated that there is a relationship between the MR and
the reciprocal of the charge carrier density (n), according to the equation MR = C(M/Ms)

2,
where Ms is the saturation magnetization and C is proportional to n−2/3. In the high Ti-doping
region, the concomitant degradation of the magnetic properties, involving a dramatic decrease
in the net magnetization (see figure 6), would account for the observed decay in MR for the last
members of the series.

http://stacks.iop.org/JPhysCM/18/6841
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From the point of view of the extrinsic MR, it is plausible that a small phase segregation
in Ti-rich regions, undetectable by diffraction methods, could create additional boundaries that
may enhance the extrinsic low-field magnetoresistance. Finally, from the preparative point of
view, it is worth commenting that, although in the present work all the compounds of the series
have been synthesized under the same moderate-pressure conditions of 2 GPa, for the sake of
comparison, it is almost certain that the samples with higher Ti contents would require lower
pressures to be stabilized, since the term of the series, CaCu3Ti4O12, can be prepared under
ambient pressure [16]. The reduction of the synthesis pressure for intermediate compounds
with enhanced MR is an additional advantage to the possible application of the materials of the
CaCu3Mn4O12 family in spintronic devices.

4. Conclusions

Six oxides of the series CaCu3Mn4−x Tix O12 (x = 0.3, 0.5, 1.0, 1.5, 2.0, 3.0) with a perovskite-
related structure have been synthesized at a moderate pressure of 2 GPa in the presence of
an oxidizing agent. The structural refinement from RT NPD data for a selected sample with
x = 1.0 shows that the 6b positions of the perovskite are randomly occupied by Cu2+ and Mn3+
cations; the magnetization measurements suggests that Cu2+

6b and (Mn3+, Mn4+)8c moments
are antiferromagnetically aligned, giving rise to a global ferrimagnetic structure. The tilting
angle of the (Mn, Ti)O6 octahedra does not significantly evolve from the undoped compound,
in spite of the expansion of the octahedral units, since the tilting is strongly determined by
the CuO4 square-planar units. The magnetic interactions smoothly decrease along the series,
resulting in lower TC s and saturation magnetizations upon Ti4+ introduction. The resistivity
increases along the series; this fact is ascribable to the reduction in the number of carriers
and, for moderate Ti-doping levels, this fact boosts the intrinsic magnetoresistance, according
to the Majumdar–Littlewood model [25]. The extrinsic, low-field MR is also enhanced for
low Ti contents, despite the decrease in TC, which could be a consequence of moderate phase
segregation in Ti-rich regions, promoting compositional boundaries where the spin-dependent
scattering is improved.
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