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1 INTRODUCTION

In the past two decades, perovskite manganites
with the general formula R1–xAxMnO3 (where R is a
rare earth cation and A is doping cation) have been
extensively investigated because of their interesting
physical properties and potential applications [1–6].
Largely, the motivation for these studies stems from
the possible utility of colossal�magnetoresistance
(CMR) and magnetocaloric (MC) properties in the
perovskite manganites at low field and room tempera�
ture [7]. The substitution of the rare earth cations with
monovalent cations (Ag+, Na+, K+) in manganites are
of particular interest because it leads to the change not
only of the valence of Mn ions, like the divalent ele�
ments doping, but also to the A�site cation radius and
A�site size disorder and thus of the magnetic and elec�
trical behavior [8]. Particularly, silver�doped mangan�
ites has been shown to manifest giant MC effect which
is comparable to that observed in the best MC materi�
als with a maximum at room temperature and possess
a high sensitivity of the resistance to a magnetic field at
the same temperature [9–11]. Recently, silver doped
perovskite manganites have been exploited as new

1 The article is published in the original.
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materials with tunable Curie temperature (Tc) to be
used as heat sources for temperature�controlled mag�
netic hyperthermia [12–15]. It has been shown that
varying the silver content allows one to tune the Tc of
these materials to the therapeutic hyperthermia tem�
perature range of about 42–48°C.

In manganites, there is the possibility of inducing
ferromagnetism and metal type conduction by silver
doping, substituting lanthanum vacancies in the per�
ovskite parent compound LaMnO3 which is antiferro�
magnetic to form stoichiometric manganite with a
general formula La1 – xAgxMnO3. Also, ferromag�
netism and metal type conduction can be induced by
creating lanthanum vacancies along with silver doping
to form non�stoichiometric manganite compositions
with a general formula La1 – xAgyMnO3 (y < x). Ini�
tially, although there were doubts of the insertion of
silver ions in the perovskite lattice [16, 17], there is
now experimental evidence for silver doping in the La�
site sublattice of La1 – xMnO3 + δ [18]. However, the
available information in literature on the amounts of
silver doping allowable in the La�site sublattice of
La1 – xMnO3 + δ for the crystallization of a pure perovs�
kite phase with no secondary phase is rather conflict�
ing. While some studies using different synthetic
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routes [10, 18, 19] reveal a single phase rhombohedral
perovskites for x < 0.2 and an admixture of secondary
phases (mainly metallic silver) for x > 0.2; other stud�
ies using the solid state and sol�gel synthesis [17, 18–
22] report that there are other peaks (mainly metallic
silver peaks with very small intensities) in the XRD of
silver doped lanthanum manganites irrespective of the
amounts of silver present. Recently, another study
using hydrothermal synthesis [23] reported the forma�
tion of Ag2O3 phase for x > 0.04 along with the perovs�
kite phase. From the foregoing, it is very clear that sev�
eral non�perovskite phases could exist in silver doped
manganite perovskites with most synthetic routes
making its synthesis to be problematic.

Silver is known to be a highly mobile (low�soluble)
component in perovskite manganites [18] and hence
soft synthesis conditions are required. Melnikov et al.
[13] reported that the vacancies in the A�sublattice of
the perovskite structure La1 – xMnO3 + d can be filled by
Ag+ ions under soft conditions of synthesis. Also, a
rapid solution combustion synthesis using oxalyl dihy�
drazide as a fuel and followed by calcinations at 800°C
for 12 h has been used in the synthesis of pure perovs�
kite phase La1 – xAgxMnO3 (x ≤ 0.15) [24]. Solution
combustion method is an alternative low temperature
initiated route to prepare fine�grained oxide powders.
It makes possible the rapid synthesis of several ceramic
materials without the prolonged high temperature
treatment of sintering [25]. In combustion synthesis, it
is well known that nature of fuel plays an important
role in determining the phase, morphology, and mag�
netic properties of the final product. In most combus�
tion synthesis, glycine fuel is preferred to initiate the
combustion reaction because of its high negative com�
bustion heat hence; high sintering temperature is not
required. There is paucity of reports in literature on
silver�doped lanthanum manganites synthesized
through the combustion route. In the present study, we
report for the first time, to the best of our knowledge,
on low�temperature combustion synthesis of nanoc�
rystalline La1 – xAgyMnO3 (y ≤ x) manganites by using
glycine as a fuel.

2. EXPERIMENTAL

2.1. Combustion Synthesis

Polycrystalline samples of La1 – xAgyMnO3 (y ≤ x)
with nominal y values of 0.1, 0.15, and 0.2 have been
prepared by the solution�combustion synthetic route
using glycine as a fuel. In the synthesis of the different
composition of La1 – xAgyMnO3, fuel stoichiometric
composition was used. Fuel stoichiometric composi�
tion was employed because optimum glycine is
required to complex the metal cations, increasing their
solubility and preventing selective precipitation as the
water evaporates. For y = 0.1 sample (La0.8Ag0.1MnO3),
3.46 g La(NO3)3 ⋅ 6H2O (99.9% pure from Alfa Aesar,
USA), 0.17 g AgNO3 (99.9 + % purity from Aldrich),

2.51 g Mn(NO3)2 ⋅ 4H2O (99.9 + % purity from Ald�
rich) and 1.88 g glycine (SD Fine Chem. Ltd, Mum�
bai) were dissolved in 20 mL of distilled water and the
solutions were heated to 80°C to form a viscous gel of
precursors under magnetic stirring. After that, the gel
was transferred to a pre�heated coil (300°C). Finally,
after a short moment, the solution precursors boiled,
swelled, evolved a large amount of gases and ignited,
followed by the yielding of puffy black products. The
auto combusted powder was annealed at 800°C for 5 h
in air and used for further characterization. Similarly,
for y = 0.15 sample (La0.8Ag0.15MnO3), same proce�
dures were followed except that 0.26 g AgNO3 and 1.90 g
glycine were used as precursors while for y = 0.2 sam�
ple (La0.8Ag0.2MnO3), 0.34 g AgNO3 and 1.92 g glycine
were used.

2.2. Characterization Methods

The precursor gel was characterized by TGA by
means of a NETZSCH (Geratebau, Germany) simul�
taneous thermal analyzer at a temperature range of
30–1000°C in air with a heating rate of 10°C/min.
The X�ray diffractograms of the annealed powders
were recorded using an X�ray diffractometer (D8
Advance, Bruker, Germany), equipped with a CuKα

radiation source (λ = 1.5406 Å) and the crystallite size
(D) is calculated from X�ray line broadening of the
(110) diffraction peak using the well�known Scherrer
relation:

(1)

where β is the full width at half maximum of the stron�
gest intensity diffraction peak (311), λ is the wave�
length of the radiation, and θ is the angle of the stron�
gest characteristic peak. The surface morphology and
chemical composition were characterized by field�
emission scanning electron microscopy (FEI NOVA
NANO SEM 600 microscope). The magnetic charac�
terizations were carried out with a Vibrating Scanning
Magnetometer (VSM) (Lake Shore Cryotronics�
7400) under the applied field of ±20 000 G at room
temperature.

3. RESULTS AND DISCUSSION

3.1. Combustion Reaction

Assuming complete combustion, the general equa�
tion for the formation of La1–xAgyMnO3 (y ≤ x) nano�
particles can be written as follows:

(2)

0.9 ,
cos

D λ
=
β θ

1 x–( )La NO3( )3 aq( ) yAgNO3 aq( )+

+ Mn NO3( )2 aq( ) NH2CH2COOH aq( )+

+ 9.99 10–( )O2 La1 x– AgyMnO3 aq( )→

+ CO2 g( )↑ H2O g( )↑ N2 g( )↑.+ +



INTERNATIONAL JOURNAL OF SELF�PROPAGATING HIGH�TEMPERATURE SYNTHESIS  Vol. 25  No. 1  2016

LOW�TEMPERATURE SOLUTION�COMBUSTION SYNTHESIS 25

The mixing of the precursors in water resulted in a
colorless solution which turned sooty black after com�
bustion. In all samples, the combustion types were
flamy combustion. After annealing at 800°C for 5 h,
the powders became finer and were used for further
characterizations.

3.2. Thermogravimetric Analysis

TGA was used to study the thermal evolution of the
precursors to monitor the combustion process. The
TGA curve for the stoichiometric precursor gel (for
La0.8Ag0.15MnO3 sample) was recorded in a tempera�
ture range of 35–1000°C and it is shown in Fig. 1. The
TGA curve shows three weight loss processes at tem�
peratures 35–110°C (22%), 110�220°C (26%) and
220–325°C (14%) with a total weight loss of 62%. The
first weight loss is due to complete evaporation of
water and organic contents in the precursor gel. The
weight loss of 26% was attributed to the rapid chemical
reaction between the metal nitrates and glycine. The
third weight loss was attributed to the burning of the
residual organic components. Thereafter, no signifi�
cant weight loss was observed indicating the formation
of a perovskite phase with a yield of about 34%. The
thermogram shows stability above 700°C hence,
~700°C appears to be the phase formation tempera�
ture of the sample. Therefore, calcination at a higher
temperature of 800°C should be satisfactory in the for�
mation of a pure perovskite phase in the samples. The
results indicate the occurrence of an auto�catalytic
process during the oxidative decomposition of the pre�
cursor gel. This result is in agreement with the results
of Conceicao et al. [26].

3.3. Structural and Phase Analysis

Figures 2a–2c show the XRD patterns of the sam�
ples. Only La0.8Ag0.15MnO3 sample (Fig. 2a) produced
mainly single perovskite phase (with small admixture
of Mn3O4 and La2O3 phases) indexed to the rhombo�
hedral perovskite structure [R�3c (167) space group).
The La0.8Ag0.1MnO3 (Fig. 2b) and La0.8Ag0.2MnO3

(Fig. 2c) samples had R�3c perovskite phase and much
admixture of the orthorhombic structure of Ag2O3

(JCPDS card 77�1829), La2O3 and Mn3O4 phases. It is
surprising that the La0.8Ag0.1MnO3 sample with even
lesser amounts of doped silver than the
La0.8Ag0.15MnO3 sample produced more secondary
phases even though the same synthetic conditions
were used. The poorly crystallized perovskite phase
and presence of secondary phases in the
La0.8Ag0.1MnO3 and La0.8Ag0.2MnO3 samples might be
due to the very high exothermicity observed with gly�
cine fuel. Kamilov et al. [27] reported that composi�
tions like La0.8Ag0.15MnO3 compounds with partly
filled A sublattice in which the remaining positions are
vacancies have high thermodynamic stability. Such sil�
ver�deficient compounds can be obtained with
improved transport characteristics since they permit
high fritting temperatures without precipitation of sil�
ver in view of their high thermodynamic stability as
compared to compounds with higher silver content.
Better physical properties were also recorded for
La0.8Ag0.15MnO3 manganite despite the non�stoichiome�
try of the composition compared to La0.85Ag0.15MnO3

manganite [28]. In all probabilities, it is possible that
the La0.8Ag0.15MnO3 sample satisfied this requirement
hence its higher crystallinity (indicating higher per�
ovskite phase) than the other samples. The results also

90

80

70

60

50

40

30

20
1000900800700500200 400100 600300

100

T, °C

W
ei

gh
t 

lo
ss

, 
%

Fig. 1. TGA curve for the precursor gel of La0.8Ag0.15MnO3
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show that there is evidence of the insertion of silver
ions in the perovskite lattice of La0.85Ag0.15MnO3

which is lacking in the other samples. The average
crystallite size obtained for La0.8Ag0.15MnO3 sample is
48 nm. The XRD patterns of the sample show that the
reflection peaks are quite broad, indicating its nano
crystallinity.

3.4. Morphological and Chemical Analysis

The SEM micrographs of the samples were
obtained to study their morphology and they are
shown in Fig. 3. La0.8Ag0.15MnO3 sample gave a dis�
tinct microstructure regarding porosity and density
compared to the other two samples that showed simi�
larity in shape and porosity. La0.8Ag0.15MnO3 sample
presented the most porous microstructure and was the
least dense of the three samples. From the XRD anal�
ysis, La0.8Ag0.15MnO3 sample gave the purest perovs�
kite phase with the least impurities compared to
La0.8Ag0.1MnO3 and La0.8Na0.2MnO3 samples and this
difference seen in XRD analysis might explain the dif�
ference observed in the microstructures.

The compositional analysis of the nanocrystalline
La0.8Ag0.15MnO3 sample was carried out by EDAX and
the spectrum is shown in Fig. 4. From the EDAX
results the presences of La, Ag, Mn and O in the sam�
ples were confirmed. The spectrum indicates that the

sample is consistent with their elemental signals and
stoichiometry which are close to the nominal compo�
sition thereby having a broad homogeneity area.

3.5. Magnetic Studies

The magnetic moments as a function of applied
field for the La1–xAgyMnO3 samples obtained from
room temperature VSM measurements are shown in
Fig. 5. The shape of the magnetization curve reveals
that the La0.8Ag0.15MnO3 sample is ferromagnetic
while the La0.8Ag0.1MnO3 and La0.8Ag0.2MnO3 sam�
ples are paramagnetic in nature. Only the
La0.8Ag0.15MnO3 sample (Fig. 5b) produced very broad
hysteresis which is consistent with the high crystallin�
ity of the perovskite phase obtained from XRD results.
This weaker magnetization seen in these samples
(La0.8Ag0.1MnO3 and La0.8Ag0.2MnO3) might be due to
the poorly crystallized magnetic perovskite phase and
the admixture of secondary phases (which is over 50%
in the samples) seen in their XRD compared with
La0.8Ag0.15MnO3 sample. The presence of these sec�
ondary phases also attests to the poor insertion of silver
resulting in the poorly crystallized magnetic phases in
La0.8Ag0.1MnO3 and La0.8Ag0.2MnO3 samples. The sat�
uration magnetization, remanence, and coercivity of
La0.8Ag0.15MnO3 sample are 26 emu/g, 8 emu/g, and
150 G, respectively. The saturation magnetization

5 μm 5 μm

5 μm

(a) (b)

(c)

Fig. 3. SEM images of (a) La0.8Ag0.1MnO3, (b) La0.8Ag0.15MnO3, and (c) La0.8Ag0.2MnO3 samples.
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value of the La0.8Ag0.15MnO3 sample obtained in this
study compares with the value reported for
La0.85Ag0.15MnO3 sample obtained by the oxalyl dihy�
drazide aided combustion synthesis [24]. The ferro�
magnetism seen in Ag�doped manganites comes from
the doping of the parent perovskite manganite
(LaMnO3) by the replacement of La with Ag.

CONCLUSIONS

Low temperature auto�combustion synthesis of
Ag�doped lanthanum manganite perovskite nanopar�
ticles is reported. The use of glycine as a fuel only pro�
duced mainly single perovskite phase with the
La0.8Ag0.15MnO3 sample but had mixed phases in
La0.8Ag0.1MnO3 and La0.8Ag0.2MnO3 samples. The nearly
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monophasic perovskite structure of La0.8Ag0.15MnO3

sample accounted for its higher magnetic properties
compared with the other two samples that recorded
secondary phases in the XRD and were paramagnetic
in nature. From the results of this study, it will be very
important to study the effect of glycine fuel composi�
tion, sintering time and temperature on the evolution
of the rhombohedral perovskite phase of Ag�doped
manganites hence, further investigations are required.
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