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1. IntroductIon
Lanthanum ferrite (LaFeO3) is a functional ceramic 

with 12:6 co-ordinate perovskite structure, which was first 
synthesized by Koehler and Wollan1 in 1957. It is extensively 
used as an interconnect for SOFC’s, catalytic converter and more 
recently as a sputtering target2. Doping this, further enhances 
its technological applicability. Alkali and  alkaline earth metals  
are the commonly used dopants3. However, doping with noble 
metals  improves its catalytic activity due to increase in oxygen 
ion vacancies. Few reports are available on silver doping 
with sub micron particles/flakes4-6 with orthorhombic crystal 
structure. The ionic and electronic defects are seen to govern the 
properties of functional ceramics7-8. Several chemical methods 
have been used to synthesize lanthanum orthoferrite such as 
polymerizable complex route9,10, electro spinning technique11,12, 
sol-gel13, auto combustion route14, sonochemical synthesis15,16, 
solid state reaction17, combustion18 etc. However, these methods 
of synthesis require heat treatment with chelating agent and 
complex solutions to yield pure products. Additionally, some 
exhibit slow reaction rate, prolonged reaction time, heating 
inhomogeneity, and excessive energy consumption.            

The present work, reports for the first time the microwave 
combustion route to synthesize nanoparticles of silver doped 
lanthanum ferrite with cubic crystal geometry. The tolerance 
factor of 0.95 for lanthanum ferrite (Goldschmidt tolerance 
factor) confirms the cubic geometry as well as stability of the 
phase. The decrease in the tolerance factor in doped samples 
indicates distortion in FeO6 octahedra due to silver ions. Phase 
pure products with high degree of crystallinity are obtained 

within a short reaction time of few minutes. Metallic nitrates 
were used as oxidizer with glycine as a fuel. The nanolanthanum 
silver ferrite particles are spherical in shape with a narrow size 
distribution.

2. ExpErImEntal dEtaIls
All the chemicals used were of A.R. grade. The salt 

precursors i.e. lanthanum nitrate (La(NO3)3.6H2O) and ferric 
nitrate (Fe(NO3)3.9H2O) and glycine (NH2CH2COOH) as a fuel 
were from Loba Chemie, India, while silver nitrate (AgNO3) 
was from Qualigens, India. Lanthanum ferrite (LaFeO3) was 
synthesized by initially mixing the precursor salts together in 
stoichiometric amounts i.e. 1:1 equimolar ratio (0.08 M each) 
followed by addition of glycine as fuel (0.26 M). To this, were 
added ~50 ml of double distilled water. The stoichiometric 
composition of the mixture was calculated based on oxidizing 
valency of metal nitrates and reducing valency of glycine19. 
Silver doped samples both at A (La) site and B (Fe) site i.e. 
La(1-x)AgxFeO3 and LaFe(1-x)AgxO3were prepared by partial 
substitution of host atoms (La and Fe) by varying the 
concentration of added silver (x = 0.25, 0.50, and 0.75). The 
resulting mixtures (for undoped and doped perovskites) were 
stirred for few minutes at room temperature and subjected to 
evaporation on a hot plate so as to obtain a gel. The gels were 
subjected to microwave power (0.1– 0.9 kW) using a domestic 
microwave oven (MG-555F Model) for auto combustion and 
the resulting products were cooled to room temperature. Pure 
phase products both, for pure and silver doped samples were 
obtained at 0.42 kW microwave power. During synthesis, the 
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fuel to oxidizer ratio was maintained as 1 while, the irradiation 
time was varied from 5-10 min so as to obtain pure phase 
products. Irradiation time of 10 min was found to be optimum 
yielding pure phase products. The powders were characterized 
using various analytical techniques.

3. charactErIzatIon
Fourier Transform Infrared Spectra (FTIR) of all the 

samples were recorded on a Shimadzu 8400 spectrophotometer 
over the range of 400 cm-1 to 4000 cm-1. X-ray diffraction 
analysis of the powders were carried out on a PANalytical X’Pert 
Pro MPD X-ray Diffractometer with a monochromatic CuKα 
radiation (λ=1.5406Ǻ). Silicon was used as an external standard 
for correction due to instrumental broadening. Diffraction data 
were collected from 20° to 80°. Energy Dispersive Analysis 
of X-rays (EDAX) were taken on an analytical instrument 
(JEOL JSM 6360A). The data were recorded by coating the 
films of the samples with Ag-Pd alloy using vapor deposition 
technique. Transmission electron micrographs (TEM’ s) of the 
samples were observed on a Philips CM-200 instrument at an 
accelerating voltage of 200 kV. Suspensions of the samples in 
isopropanol were well dispersed and loaded on carbon coated 
grids of 200 mesh size. The grids were then dried under IR lamp 
and viewed under the microscope. The Thermogravimetric 
and differential thermograms (TG-DTA) of the samples were 
recorded in inert atmosphere at a heating rate of 10 °C min-1 

using Shimadzu instrument (Model DTG-60H). Lakeshore’s 
Vibrating Sample Magnetometer (Model 7307) was used to 
perform magnetic measurements. 

4. rEsults and dIscussIon
The microwave combustion route involves self sustained 

reaction between an oxidizer, typically precursor salts of 
nitrates and glycine (reducing agent) as a fuel after dissolution 
in water. Highly exothermic reaction occurs with iron and 
lanthanum precursors in the viscous liquid and the complex 
mixture self ignites and promotes nucleation and growth of 
nanoparticles within short duration of time with evolution of a 
large amount of gas yielding fine particles of lanthanum ferrite 
and silver doped lanthanum ferrite.

The powder samples of LaFeO3, La(1-x)AgxFeO3,  
LaFe(1-x)AgxO3, were characterized using various analytical 
techniques. 

5. FtIr spEctroscopy
Figure 1 (a) shows the FTIR spectrum of lanthanum 

ferrite. The presence of metal oxygen bonds  i.e. O-Fe-O and 
Fe-O could be revealed from the peaks at 560 cm-1 and 400 cm-1 
respectively. The band’s at 3400 cm-1 and 3600 cm-1 correspond 
to strong vibrations of OH due to adsorbed water, while the 
narrow bands at 1085 cm-1 to 1385 cm-1 correspond to 3NO−  
of unreacted precursor salts and N-H stretching is observed at 
1485 cm-1 .

In Fig. 1 (b) and 1(c) are given the FTIR spectra of silver 
doped (both A and B site), lanthanum ferrite samples which 
exhibit similar nature. The Ag content does not result in any 
significant shift in peaks.

6. x-ray dIFFractIon analysIs
The X-ray diffractogram of lanthanum ferrite obtained 

at 0.42 kW microwave power is shown in Fig. 2. The peaks 
at 2θ values of 22.7°, 32.2°, 39.9°, 46.2°, 67.5°, and 76.7° 
represent characteristic planes (100, 110, 111, 200, etc.) of 
Cubic (primitive) phase of LaFeO3 (PDF No.75-0541). X-ray 
diffractograms of Ag doped (both A and B site) LaFeO3 are 
shown in Figs. 3 and 4. The dopant concentration was varied 
from x = 0.25 to 0.75. Peaks corresponding to metallic silver 
are observed at 2θ values of 38.3°, 44.1°, and 64.4° in addition 
to characteristic peaks of lanthanum ferrite. The data has been 
correlated with JCPDS pattern (04-783). Further, increment in 
the intensity of the peak corresponding to silver is observed 
with the increase in dopant concentration.

Figure 2. x-ray diffractogram of lanthanum Ferrite sample 
synthesized at 0.42 kW microwave power. 
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Figure 1. Ft-Ir spectra of samples (a) LaFeO3, (b) La0.75Ag0.25FeO3, 
(c) LaFe0.75Ag0.25O3.
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The X-ray densities and crystallite size of the particles 
are calculated from the XRD data (Table 1), and dopant 
concentration expressed as a fraction with reference to host 
atoms. Further, the lattice parameters were evaluated which 
exhibit significant differences on Ag doping in comparison 
to LaFeO3. The results indicate contraction in cell volume for 
A site doped (Ag, x = 0.25, 0.50 and 0.75) samples while B 
site dopant shows expansion in volume. This can be attributed 
to the mismatch of ionic radii and co-ordination number (i.e. 
dodecahedron and octahedra). The increment in x-ray densities 
results in partial site occupancy of silver as a dopant in lanthanum 
ferrite structure which associates with lattice contraction at 
A site and lattice expansion at B site. Goldschmidt tolerance 
factor20 exhibits changes in geometric tolerance for lanthanum 
perovskites and cubic structure occurs21,22 if 0.8 < t< 1. In 
accordance with this, the tolerance factor (t) for Lanthanum 
ferrite (undoped)  is found to be ~0.958 (Table 1) while for 
silver doped samples (A as well as B site) lower values of t 
indicate distortion in crystal structure.

perovskite
Vcell

a3 (m3 )x 10-29
x-ray

density g/cm3
crystallite
size (nm)

particle size 
(nm)

magnetic
diameter (nm)

tolerance 
factor

LaFeO3 5.97 6.69 ~57 ~57 51.2 0.958

La0.75Ag0.25FeO3 4.62 7.75 ~20 ~3 ~6 0.951

La0.50Ag0.50FeO3 7.78 8.77 ~15 - - 0.615

La0.25Ag0.75FeO3 4.62 7.60 ~18 ~6 ~7 0.937

LaFe0.75Ag0.25O3 7.78 7.94 ~16 ~5 ~6 0.887

LaFe0.50Ag0.50O3 7.78 8.07 ~14 - - 0.732

LaFe0.25Ag0.75O3 6.4 8.20 ~20 ~20 ~7 0.775

table 1. calculated lattice parameters of LaFeO3, lanthanum Ferrite with silver doped at  a site (0.25, 0.50, and 
0.75) and lanthanum Ferrite with silver doped at b site (0.25,0.50, and 0.75) 

The results of Energy Dispersive Analysis of X-rays 
(EDAX) are summarized in (Table 2), the atomic ratio for La/Fe 
is expected to be 1, but, lanthanum ferrite shows the formation 
of lanthanum rich phase due to diffusion and non storage 
capacity of trivalent lanthanum metal in nonstoichiometric 
structure. Partial substitution of dopant at A site with lower 
fraction (x = 0.25) exhibits a hyperstoichiometry with a slight 
ferric ion deficiency while, at higher doping levels ferric ion 
enrichment is observed.

Results of the EDAX analysis of samples with B site 
doping (Table 2) clearly shows the formation of silver rich 
phase of the perovskite at lower doping level (x = 0.25 and 
0.50) while at higher concentration of silver (x = 0.75) iron 
deficiency matches with silver concentration and oxygen 
abundance. Thus, this analysis determines the solid phase 
concentrations of elements in the sample, the discrepancy in 
the quantitative data is attributable to reduction ability of iron 
with increment in oxygen vacancies6.

Figure 4. x-ray diffractograms of lanthanum Ferrite with silver 
doped at b site x=0.25 (b) x=0.50 and  (c) x=0.75.
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Figure 3. x-ray diffractograms of lanthanum Ferrite with 
silver doped at a site (a) x = 0.25, (b) x = 0.50, and 
(c) x = 0.75.
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7. morphologIcal charactErIzatIon
Figure 5(a) shows the TEM image of LaFeO3, with 

irregular shaped particles (mean diameter of ~ 57 nm) and clear 
grain boundaries are observed together with several  voids (~5 
nm). The size distribution appears to be broad ~ 30 to 100 nm 
shown in the bar diagram with majority being larger and the 
ring pattern exhibits polycrystalline nature of the sample Figs. 
6(a) and 6(b).

table 2. Edax data of LaFeO3, lanthanum Ferrite with silver doped at a site (x = 0.25, 0.50, and 0.75) 
and lanthanum Ferrite with silver doped at b site (x = 0.25, 0.50, and 0.75).

perovskite
Elemental composition (atomic %)

Experimental Expected

La Fe O Ag La Fe O Ag

LaFeO3 12.76 11.80 75.44 - 6.50 6.50 86.81 -
La0.75Ag0.25FeO3   4.57   2.84 91.92 0.66 5.19 6.55 86.88 1.63
La0.50Ag0.50FeO3   3.67 16.42  6.89 6.41 1.25 2.50 95.00 1.25
La0.25Ag0.75FeO3   2.55   8.45 84.20 4.20 1.61 6.45 87.00 4.83
LaFe0.75Ag0.25O3 17.61 17.73 62.28 2.37 6.74 5.05 86.51 1.68
LaFe0.50Ag0.50O3 14.90   7.50    5.43 5.50 2.30 1.25 95.00 1.25
LaFe0.25Ag0.75O3   5.79   1.78 89.78 2.65 6.89 2.01 86.20 5.17

Figure 5. transmission electron micrographs of (a) laFeo3,   
(b) and (c) a site doped La(1- x)AgxFeO3 (x = 0.25 
and 0.75) and (d) and (e) b site doped LaFe1xAgxO3                                 

(x = 0.25 and 0.75).

Figure 6.  SAED and size distribution profiles of (a) and (b) 
LaFeO3, a site doped La1- x Agx FeO3  (c) and (d)            
x = 0.25, (e) and (f)  x = 0.75, and b site doped LaFe(1-x)

AgxO3 (g) and  (h) x = 0.25   and (i) and (j) x= 0.75.

Micrograph of samples with silver doped at A site (x = 
0.25 and 0.75) are shown in Fig. 5 (b) and 5 (c), respectively. 
The particles in both the samples are spherical in shape, 
the size being significantly smaller in comparison to pure 
lanthanum ferrite. The average size of particles is ~ 3 and 6 
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nm respectively. The relative abundance of smaller particles 
being higher at x = 0.25 doping level. Particle size distribution 
shows slight differences and diffraction pattern exhibits array 
of spots related to de Broglie wavelength and polycrystallinity 
of the sample Figs. 6 (c) - 6 (f).

Figure 5(d) and 5(e) depicts the micrographs of lanthanum 
ferrite with silver doped at B site. Particles with spherical 
morphology can be observed from the micrographs having a 
size distribution of ~ 1-7 nm and ~ 5-25 nm respectively for 
x = 0.25 and x = 0.75 silver concentration. The diffraction 
patterns depict the polycrystalline nature of the samples Figs. 
6(g) - 6(j). 

The decrease in particle size in case of doped samples can 
be accounted in terms of  distortion in structure brought about 
by the dopant ions and change in lattice dimensions.

8. thErmal analysIs
The thermograms (curves a) for LaFeO3, La0.75Ag0.25FeO3 

and LaFe0.75Ag0.25O3, are shown in Fig. 7, negligible weight 
loss of 1-2% is noted which can be attributed to trace levels 

of volatiles including adsorbed water, etc. Differential 
thermograms (curves b) exhibit an endotherm at 90 °C 
corresponding to desorption of adsorbed water. The endotherm 
at temperature ~ 600 °C is attributable to the decomposition of 
traces of precursors and organic fuel (glycine) and endotherm at 
temperature ~ 850 °C is attributed to the gradual crystallization 
of oxide phase nuclei in pure as well as doped lanthanum  
ferrite samples.

9. magnEtIc mEasurEmEnts 
Magnetic hysteresis loops were recorded at room 

temperature by vibrating sample magnetometer for lanthanum 
ferrite and silver doped lanthanum ferrite samples as shown 
in Fig. 8. When an external field is applied, the domains 
already aligned in the direction of field grow at the expense 
of their neighbours. The coercivity (Hci), retentivity (Mr), and 
saturation magnetization (Ms) obtained for the samples are given 
in Table 3. The coercivity (Hci) and saturation magnetization 
(Ms) observed for lanthanum ferrite is 82.69 G and 4.73emug-1 

indicating weak ferromagnetic behavior that arises due to 
structural distortion related to tilt in FeO6 octahedra, the 
results are in agreement with the reported values23-25. However, 
predominant mechanism for weak (Parasitic) ferromagnetism 
in the orthoferrites appears to be anisotropic super exchange 
(antisymmetric super exchange)26. The contribution of magneto 
crystalline anisotropy in sample with substitution of silver at A 
site (x = 0.25) enhances coercivity (480.96 G) due to spherical 

abced 

Figure 7.  tg (a) and dta (b) plots of (a) LaFeO3,  (b)   
La0.75Ag0.25FeO3, and (c) LaFe0.75Ag0.25O3.
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Figure 8. magnetograms of (a) LaFeO3,   (b) La 0.75Ag0.25FeO3  
(c) La0.25Ag0.75FeO3,   (d) LaFe0.75Ag0.25O3, and (e) 
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shape of particles with compositional homogeneity however, 
higher dopant concentration of silver at A site (x = 0.75) 
decreases coercivity due to lose magnetic neighborhood causing 
hysteresis loss. Further, silver substitution at B site (x = 0.25) 
shows a negligible change in coercive force, increase in the 
coercive force at higher concentration of silver at B site (0.75) 
can be attributed to the structural changes in the lattice arising 
due to different orbital configuration of Fe ions. The lower 
values of Ms i.e. saturation magnetization for doped samples 
can be accounted in terms of nonmagnetic nature of silver ions. 
At higher dopant concentration of silver at A as well as B site, 
the lattice gain their magnetic neighbourhood and hence the 
spin may become coupled hence, lower field is required to 
saturate i.e. to align the magnetic moments in the direction of 
applied magnetic field. The retentivity (Mr) is observed to be 
lower for doped samples compared to pure lanthanum ferrite 
except the sample doped with x = 0.25 of silver at B site. These 
results are consistent with the hysteresis loop arising from the 
demagnetization effects. However, shape anisotropy is much 
greater and more effective in the demagnetization together with 
diameter of the particles. The difference observed in retentivity 
for sample doped with x = 0.25 silver at B site may be due 
to decrease in symmetry resulting in polycrystalline nature of 
the sample which competes with compositional homogeneity 
of the sample. Further, the lower values of magnetic moments 
observed for doped samples with compared to pure lanthanum 
ferrite could be due to lower degree of magnetic interaction 
between the co-ordinated cations and dopant ions. The 
exceptional behavior of the sample doped with x = 0.75 silver 
at A site is probably due to site occupancy of host ions by the 
silver ions as a dopant. By varying the concentration of silver 
ions in the lanthanum ferrite system the change in the magnetic 
moments is a cause for changes occurring in the magnetic 
properties of the doped lanthanum ferrites. The magnetic 
moment per formula unit in Bohr magnetrons (µB) has been 
calculated by using molecular mass, saturation magnetization 
observed from hysteresis loops taken at room temperature 
and observed density of the samples27.Thus, hysteresis loop is 
characterized with Rayleigh region and microscopic rotation 
along with domain wall movements. Silver used as a dopant 
in lanthanum ferrite lattice shows that electronic distribution 
adopts a configuration which minimizes its interaction with 
crystal field and values of magnetization are strongly modified. 
These results indicate that the magnetic structure changes from 

weak ferromagnetic for pure lanthanum ferrite to ferromagnetic 
in case of doped samples.

The magnetic particle diameter, Dm, have been calculated 
using the molar magnetic susceptibility (χi) and saturation 
magnetization (Ms) values obtained from the magnetograms28,29.
The calculated magnetic diameter is slightly smaller than that 
estimated from TEM for pure lanthanum ferrite  as shown in 
Table 1. Silver doped samples reveal slightly larger magnetic 
diameters than that obtained from TEM. The slight difference 
in magnetic size can be attributed to the non-homogeneity in 
particle surface and crystal anisotropy30.

10. conclusIon   
Microwave combustion synthesis is a single step approach 

to synthesize magnetic nanoparticles of lanthanum ferrite and 
silver doped lanthanum ferrite. Structural characterization 
such as X-ray diffraction confirms cubic phase of the samples. 
Lanthanum ferrite as well as doped samples follow structural 
distortion and tolerance factor. Morphological evidence shows 
sub-micron particle size for lanthanum ferrite and silver doped 
samples exhibit nanospheres with compositional homogeneity. 
Room temperature magnetic study reveals weak ferromagnetic 
behavior for lanthanum ferrite sample and ferromagnetic 
rectangular loop formation for silver doped samples.
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