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Ageing Phenomena in La-Sr Manganites with Divalent
Substituents for Manganese
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Variations of electromagnetic and structural characteristics of La1�c�xSrc�xMn1�xMexO3�γ manganites
(Me = Zn, Ni) during storage time up to 36000 hours at room temperature and after frequentative thermal
cycling in the 300-573 K range were investigated. Changes of magnetization of all samples were within the er-
ror of measurement. In most cases Curie point (TC) showed irregular variations within the range of 20%, while
zinc-substituted manganites with relatively high values of “c” exhibited some trend of TC rise. The resistance
of all samples increased during storage period. The cell volume of single-phase manganites decreased over time,
that may indicates an increase in oxygen content. However, the sample with the highest Ni content (x � 0.125)
at c � 0.19 suffered phase transition “rhombohedral-orthorhombic structures”, which cannot be explained by the
oxygen absorption. Probably, this effect was due to the rearrangement of the ions and vacancies between crystal
sublattices of manganite.
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1. Introduction

Manganites exhibiting colossal magnetoresistance, gi-
ant magnetostriction and electrical switching properties
are of interested as perspective materials for electron-
ics [1–3]. Considering the technical application of man-
ganites it is necessary to keep in mind that one of the
major problems with electronic instrumentation is to pro-
vide a high level of the stability of functional parameters.
Well studied phenomena of the changes in oxide materi-
als properties with the time are, for example, disaccom-
modation and structural ageing in ferrites [4], drift of
spinel manganite thermistors parameters [5]. However,
despite the large number of developments and studies of
perovskite-like manganites, the ageing processes in these
materials are not still fully understood. Available infor-
mation is mainly devoted to nanocompounds [6] and thin
films [7], while data concerning bulk ceramic manganites
are meager.

Since manganites, as well as ferrites, are oxide phases
of variable composition containing ions of variable va-
lency, great number of point defects, dislocations, and
interacting with the surrounding atmosphere, there are
common mechanisms and regularities of ageing processes
in these groups of materials related to the thermodynam-
ics and kinetics of solid-phase reactions [8–10]. General
cause of the ageing is the lack of a true thermodynamic
equilibrium under specified conditions. Thus, mangan-
ites cooled after high-temperature sintering are in unsta-
ble condition that gives rise to the transition into en-
ergetically more favorable state. Ageing mechanisms in
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considered materials are very diverse: exchange of oxy-
gen with the ambient atmosphere; changes in valence and
spin states of the ions; redistribution of cations and va-
cancies on the sublattices and in the volume of crystals;
decomposition of solid solutions; relaxation of mechan-
ical stresses, etc. Among these mechanisms there are
diffusive and non-diffusive processes.

We have investigated structural, magnetic and electri-
cal characteristics of ceramic manganites of the systems
La1�c�xSrc�xMn1�xMe2�x O3�γ pMe2� � Zn2�,Ni2�q
after single heat treatment, after thermal-cycling, as well
as after prolonged storage in normal conditions with pe-
riodic measuring of the parameters. In the adduced
chemical formula of compositions the sum of the con-
tents of Sr2� and Me2� divalent ions is equal to the in-
dex c which corresponds to the concentration of Mn4�
for stoichiometric (γ � 0) manganites. The values of
c were chosen near “orthorhombic–rhombohedral struc-
ture” boundary (c � 0.175) on the phase diagram of the
La3�1�cSr

2�
c Mn3�1�cMn4�c O3 system [1].

2. Experimental

The experiments were performed on polycrystalline
samples synthesized by traditional ceramic processing.
The starting components (dried La2O3, SrCO3, MnO2,
ZnO, NiO powders) were mixed in stoichiometric propor-
tions and ground in a ball mill with addition of ethanol.
Pellets compacted of the obtained mixture were then pre-
liminarily burned at 1273 K for 4 h. This operation was
followed by grinding, introducing a binder (an aqueous
solution of polyvinyl alcohol), pressing the samples, and
burning out the binder. The final sintering step was
performed at 1473 K for 10 h, and the samples were
cooled together with the furnace. To determine the ef-
fect of thermal ageing on the properties of manganites
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two kinds of heat treatmen of initial (sintered) samples
in air at different conditions were carried out: annealing
at 873 K for 10 hours; the series of five consecutive an-
nealings at 573 K for 6 hours each, followed by cooling
and measurements of the parameters of samples. During
long-term (up to 50 months) storage of initial samples at
room temperature in air determination of the properties
of manganites were carried in certain periods of time.

Phase composition and cell parameters were deter-
mined by powder X-ray diffraction at room temperature
(diffractometer Shimadzu XRD-7000, CuKα radiation).
The magnetization per mass unit (σ) was measured in
magnetic field of 5.6 kOe. Measurements of dc elec-
trical resistivity (R) were made using copper electrodes
sputter-deposited onto opposite planes of pellets (thick-
ness of about 4 mm). The temperature dependence of
magnetic permeability (µpT q) was measured by the in-
duction method at a frequency of 98.6 kHz, and Curie
point (TC) was determined as the temperature corre-
sponding to the maximum of |dµ{dT |.

3. Results and discussion

The data on the changes of magnetic parameters of
manganites La0.81�xSr0.19�xMn1�xMexO3�γ (c � 0.19)
after single heat treatment at 873 K show that magneti-
zation of all samples varies within the limits of measure-
ment errors, as well as TC of Ni-substituted manganites.
Zn-contained compositions reveal some decrease of TC at
small “x” (from 189 to 181 K at x � 0.025) and the rise
from 169 to 180 K at x � 0.125.

Variations of magnetic parameters in the frequentative
thermal cycling process are presented on the Fig. 1a,b.
Similar to the previous case, magnetization fluctua-
tions are within the error of measurement, TC of Ni-
compositions remains practically unchanged, and Curie
point of the compounds with zinc exhibits a weak rising
tendency.

Analysis of the magnetic parameters values measured
at certain intervals of time after beginning of the storage
at room temperature permitted establishing the follow-
ing regularities: magnetization of all samples does not
change within measurement accuracy; TC of the major-
ity of the samples with small c (c � 0.15, 0.17) after
fluctuations in the range of 20% return roughly to initial
values, while in compositions with c � 0.19, x � 0.025
and 0.125 Curie rises from 189 to 207 K and from 169
to 191 K in Zn-substituted manganites, as well as in Ni-
contained compositions TC increases from 279 to 289 K
and from 180 to 193 K, correspondingly.

Figure 2 illustrates temperature dependences of the re-
sistivity of Zn- and Ni-substituted manganites measured
in initial state and in 16 months. The resistance of all
aged samples increases.

Comparison of the curves on Fig. 2b shows that ageing
leads to decrease of the “metal-semiconductor” transition
temperature in Ni-substituted manganites.

Space group, unit cell volume (v) of manganites, and
the increment of non-stoichiometry index (∆γq after 50

Fig. 1. Magnetization (a) and Curie point (b) of man-
ganites La0.81�xSr0.19�xMn1�xMexO3�γ : – Me = Zn,
x � 0.025;  – Me = Zn, x � 0.125; N – Me = Ni,
x � 0.025; � – Me = Ni, x � 0.125; the values of N
denote the numbers of cycles (N � 0 corresponds to the
initial sample).

Fig. 2. Temperature dependencies of the resistivity of
manganites La0.835Sr0.165Mn0.975Me0.025O3�γ at initial
state (black symbols) and after 16 months of storage
(light symbols): , , N, 4 – in the absence of magnetic
field; �, O – at magnetic field.

months of storage are presented in Table I. The ∆γ val-
ues have been calculated from corresponding data on v
decrement using the approach developed in [11].

TABLE I

Structural and non-stoichiometry characteristics of man-
ganites La0.81�xSr0.19�xMn1�xMexO3�γ .

Chemical
composition

Space group; v [Å3]
∆γ, γ

Me x initial sample aged sample

Zn
0.025 R3c; 58.65 R3c; 58.63 0.002
0.125 Pnma; 59.45 Pnma; 59.42 0.003

Ni
0.025 R3c; 58.96 R3c; 58.85 0.010
0.125 R3c; 58.90 Pnma; 59.09 γ � 0.018

All manganites with c � 0.19, x � 0.025 in initial
state and after ageing are rhombohedral. Samples with
high amount of Zn (x � 0.125) have orthorhombic struc-
ture. Unit cell volume of above-mentioned compositions
by the end of the storage period decreases, that may
be associated with increasing oxygen content (Table I).
The increase of γ is consistent with thermodynamical no-
tions [8].

Oxidation process results in increase of the concentra-
tion of Mn4� ions bonded with Mn3� by double exchange
interaction that leads to higher ferromagnetic character-
istics and conductivity. On the contrary, the decrease of
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magnetic moment of the manganese ions and dilution of
Mn sublattice by cation vacancies aggravate electromag-
netic parameters.

Of great interest is the phenomenon of phase conver-
sion from rhombohedral to orthorhombic structure in Ni-
contained compositions with x � 0.125 after long-term
storage. Such conversion may not be directly related to
the oxygen absorption, because excess of oxygen content
promotes the existence of rhombohedral phase [10]. Ac-
tually, after annealing under conditions resulting in sto-
ichiometric oxygen content [8, 10, 11], this manganite
became orthorhombic with v � 59.29 Å3. The result
obtained made it possible to find index γ � 0.018 for
aged manganite (Table I). Phenomenon under consid-
eration can be due to the transition of Ni2� ions from
octahedral sublattice for vacancies in the sublattice of
lanthanum-strontium. The possibility of such rearrange-
ment of cations and vacancies was considered in [8,9]. As
a result tolerance factor [1] of manganite decreases, and
TC rises. Similar effects can occur in the compositions
containing zinc.

4. Conclusions

On the whole, it is possible to conclude that ther-
mal ageing and ageing of manganites during prolonged
storage under normal conditions does not lead to signifi-
cant changes in their magnetic properties. Variations of
magnetization are within measurement error, and fluctu-
ations of Curie poin are in the range of 20% with some
trend of TC rise.

Ageing processes in manganites can be ascribed to the
oxidation processes and to the rearrangement of the sub-
stituting ions and vacancies between crystal sublattices
of manganite.

Great changes of resistivity of the samples with
sputter-deposited electrodes can be mainly associated
with degradation of the contact zones under the oxida-
tion of copper by the oxygen from manganite.
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