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Abstract
The sol-gel approach was used to synthesise lanthanum and aluminium doped yttrium ferrite nanoparticles. The absorption
peak is observed at ~265 nm corresponds to band gap of 2.9–3.1 eV. X-ray diffraction (XRD), field emission scanning
electron microscopy (FE-SEM) and High-Resolution Transmission Electron Microscopy (HR – TEM) were used to analyse
the structural and microstructural properties of the product. The particle size calculated to be 60–110 nm from the HR-TEM
analysis. The vibrating sample magnetometer (VSM) showed high magnetisation with reversible loop and increased surface-
induced magnetisation, the presence of all elements were confirmed using energy Dispersive X-Ray Spectroscopy (EDS).
From BET analysis, the surface area, pore volume and pore diameter are 2.688 m2 g−1, 5.178 cm3 g−1 and 7.704 nm
respectively, the isotherm represents type (V), with an H3 hysteresis loop. The obtained product, La1−XAlXYYFe2−YO4,
showed good photo-catalytic activity when employed for the photo-catalytic degradation of methyl red dye within 210 min.
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Highlights
● The lattice constant increases in the concentration of x, indicating the cubic spinel structure.
● In La1−XAlXYYFe2−YO4 Bohr magneton, anisotropy and coercivity increases with increase in the concentration of x.
● Ms, Mr increases with concentration of Aluminium and Yttrium substitution, confirming the B-site occupancy of

Lanthanum ion.
● Catalyst for the successful photocatalytic degradation of methyl red dye within 210 min.

1 Introduction

Nanomaterials played a significant role in research over the last
few decades due to their better qualities than their bulk coun-
terparts [1–3]. After that, on ferrite and lanthanum orthoferrites
are promising nanomaterial for use as nonstoichiometric anio-
nic deficient perovskite electrodes. The lanthanum yttrium
aluminium ferrite are reported exhibiting significant increase in
magnetic and electrical power production in the temperature
range of 650–900 °C [4–10]. The dopant could also boost
intrinsic activity at each electrochemically active site [11].
Lanthanum ferrite is a type of mixed electronic ionic conductor
utilised in solid oxide fuel cells as a cathode. The many metals
doped on lanthanum ferrite have a wide range of applications
[12] and distorted perovskite-type ferrite is lanthanum ortho-
ferrites or lanthanum ferrites are observed in gas sensing
properties as excellent. Due to its unusual opto-electronic
characteristics and narrow band gap, it has also been dis-
covered to be a photocatalytically active catalyst [4–10] with
ceramic technology ideas [13–15].

The spinel structure of the concentration of Lanthanum is
closely related to the concentration of point defects in
transition metal oxides, which is known as defect chemistry
[16–22]. Doping with yttrium ions is expected to provide
refractoriness with a coefficient of thermal expansion well
matched to the yttria-stabilised zirconia. Doped lanthanum
ferrite is known to have high mixed electronic and oxygen
ion conductivities, and doping with yttrium ions is expected
to provide refractoriness with a coefficient of thermal
expansion well matched to the yttria-stabilised zirconia
[23]. The conversion of mechanical to electrical energy is a
major application of storing energy in a static magnetic field
with general formula for magnetic spinel is MFe2O4

[24–26]. It is also fascinating to study the structural, optical,
electrical, magnetic, and other features from a magnetic
perspective. Once ferromagnetic (Fe3+) atoms are replaced
by paramagnetic (A13+) atoms in this type of material,
partial and full substitution of ferromagnetic (Fe3+) atoms
by paramagnetic (A13+) [27, 28]. Low-cost alternative
oxides with layered structures and previous oxide/redox
reaction capabilities, as well as perovskite p-type functional

oxides are thought to be variables for use as electrodes in
super capacitor designs [29–31].

In all perovskite cells, the reported copper-doped lanthanum
ferrites were examined in both oxidising and reducing cir-
cumstances [32]. The super-capacitor has gained a lot of
interest in recent years as a new type of energy storage device
due to its extended cycle life, high efficiency, high power
density, and environmentally benign qualities. Because of their
pseudo-capacitance change storing mechanism, transition metal
oxides have shown to be excellent electrode materials for super
capacitors. The increased surface-to-volume ratio of ferrites
leads to enhanced ionic/atomic reactivity on the surface of
particles compared to those present within the particles,
resulting in dramatic fluctuations in electrical and magnetic
properties. Recently, Because of their vast range of technical
applications in domains such as hyperthermia, cell biology, and
molecular imaging, ferrites have been intensively explored
[33–35]. Because spinel ferrites have tetrahedral—A and
octahedral—B sites in their crystal structure, the cation dis-
tribution among these sites has a significant impact on their
physical characteristics. The octahedral sites are difficult to
disperse into the lattice to process the formation of the ferrite
particles due to the smallness of the tetrahedral sites. Experi-
ments are highly useful in determining the exact number of rare
earth ions in the crystal lattice and their effects on various
physical properties [36].

The synthesis of pure ferrites is a hard process. The
reason for this is that cation diffusion into the lattice occurs
in numerous stages, each with its own set of challenges in
terms of valence, imbalance, and defective structure crea-
tion. Single crystalline ferrites perform better than poly-
crystalline ferrites in microwave applications [37]. Soft
ferrites have an FCC closed-packed spinel crystal structure
and include both divalent and trivalent cations [38].
Because of their good stability at high temperatures under
reducing conditions and high oxygen flux rates, doped
lanthanum ferrite materials have been proven to be ideal as
in oxygen transport membranes in syngas reactors [39]. The
behaviour of nanoparticles is influenced by a variety of
characteristics in the system, including grain and grain
border structure, particle size distribution, and inter-particle
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interactions [40]. In their study of perovskite, particle is
dictated by the yttria stabilised zirconia [41]. Some of the
scientists note that the material has some interesting prop-
erties for a variety of applications, including redox stability,
strong electronic conductivity, and good electrocatalytic
activity [42]. In the observation, the doping rare earth and
transition elements into doped mixed ferrites results in
magnetisation by dominating the Spinal spin Structure [43].
In such all cases, chemical co precipitation, glass crystal-
lisation, organic resin method, sol–gel method, and ceramic
process have all been used to make lanthanum, aluminium,
and yttrium ferrites [44] and their applications towards
Hyperthermia, cell biology, molecular imaging etc. [45–47]
and also photo-catalytically active for degradation of var-
ious drugs and dyes [48, 49].

So, said adopted synthesised material is used to control the
size, shape, compositions, multifunctionalities with their
structural properties of micro- materials but the advanced stu-
dies are help to understand the properties of nanoscale mag-
netic materials. Thus, in the present works, herein report the
new synthesis of lanthanum doping spinel ferrite composite
Nanomaterial by using sol–gel method and shown the effect of
contents of yttrium and aluminium ion on their magnetic
properties performed. The morphology and structural char-
acterisation of the produced Nanocomposites were char-
acterised by X-ray diffraction, energy dispersive spectroscopy,
high resolution-transmission electron microscopy and vibrating
sample magnetometer. The synthesized La1−XAlXYYFe2−YO4

shown the photocatalytic activity into degradation of methyl
red dye is to be found successfully within 210min.

2 Material and methods

The required materials for the preparation of
La1-XAlXYYFe2-YO4 are purchased from HI media and used
without purification. Lanthanum nitrate La (NO3)3·6H2O,
Aluminium nitrate Al (NO3)3·9H2O, Yttrium nitrate
Y(NO3)3·6H2O, and ferric nitrate Fe (NO3)3·9H2O were
used as sources of La, A1, Y and Fe, with citric acid as a
complexing agent. All of the chemicals are of A.R. quality.

2.1 Methods

For the new synthesis of La1-XAlXYYFe2−YO4(x= 0.25, 0.50,
0.75), the nitrates of lanthanum, aluminium, yttrium and iron
was taken in 20ml distil water. To this beaker after solubility of
all nitrate’s, citric acid (1:4) portion was added and reaction
continued, stirring at maintained at temperature 80oC for 2 h
and the solution get converted into gel. Again, Gel was com-
pletely dried within next 3 h to afford fine powder of
La1-XAlXYYFe2-YO4. This raw powder was calcinated at 900oC
for 2 h, then the sample was ready for all characterisation.

3 Result and discussion

A series of La1−XAlXYYFe2−YO4 (x= 0.25, 0.50, 0.75) has
been successfully synthesised by employing the sol–gel tech-
nique. A UV–visible spectrophotometer is used to determine
the absorption peak and band gap of a series. XRD was used to
determine particle size, crystal structure, X-ray density, octa-
hedral and tetrahedral sites, and interplanar distance. Field
emission scanning electron microscopy was used to determine
structural morphology (FE-SEM). The elemental analysis of a
series, which is provided by energy dispersive spectroscopy
(EDS). Vibrating sample magnetometer was used to investigate

Table 1 Optical band gap of La1-XAlXYYFe2−YO4 series

Sr.No. % Doping of Optical Band Gap

La Al Y

1 0.75 0.25 0.25 3.1

2 0.50 0.50 0.50 3.0

3 0.25 0.75 0.75 2.9

Fig. 1 a UV–visible spectra of La1−XAlXYYFe2−YO4 series. b TAUC
Plot of La1-XAlXYYFe2-YO4 series
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the magnetic characteristics (VSM), crystalline nature and
ensure particle size by HR- TEM technique. The photo-
catalytic application towards the degradation of methyl red dye
within 210min.

3.1 Optical study

For the analysis of optical properties of a La1-XAlXYY-

Fe2−YO4(x= 0.25, 0.50, 0.75) the UV Visible spectro-
photometer is used. In the experimental result, all samples
were soluble in 0.1 M HCl solution for analysing the
maximum absorption peaks at ~265 nm. The band gap of all
samples ranges from 2.9 eV to 3.1 eV as shown in Table 1.
The conforming band gap decreases as the concentration of
Aluminium and Yttrium increases with decrease in con-
centration of Lanthanum. The UV–Visible spectrum and
band gap spectrum is shown in Fig. 1a, b.

The band gap calculated by Tauc’s plot relationship is
expressed as follows:

ðαhυÞ1nn ¼ C hυ� Eg
� � ð1Þ

where, α= the absorption coefficient,
ν= frequency (ν= c/λ, h is Planck’s constant,

λ=wavelength, c= speed of light),
n= 2 for direct optical band gap, respectively
C= proportionality constant and
Eg = band gap

3.2 X-ray diffraction (XRD)

The XRD pattern shows the sharp intense peaks of a series
of La1−xAlXYYFe2−YO4 (x= 0.25, 0.50, 0.75) nanoparticles,
which confirms the FCC structure. The peaks indicate
planes (111), (210), (311), (222), (320), (211), (410) as
shown in Fig. 2. The particle size was calculated by using

Debye–Scherrer Equation as,

D ¼ 0:9λ
βCOS θ

ð2Þ

where λ= 1.543Ȧ, β= full width of half maxima. The inter
planner distance d was calculated by using formula d= λ/
2Sinθ, the lattice parameter a is given as,

a ¼ d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2

p
ð3Þ

the volume is given by,

V ¼ a3 ð4Þ

the X-ray density of the series was calculated by,

dx ¼ nM

NAV
ð5Þ

The interplanar distance (d), Lattice constant (a), volume
(V) and X-ray density of La1-XAlXYYFe2-YO4 series are
mentioned in Table 2. As the concentration of aluminium,
yttrium increases with decreasing concentration of lantha-
num the inter planar distance and X-ray density goes on
decreasing but lattice constant and volume get increased.
The crystal structure and average particle size of
La1-XAlXYYFe2-YO4 series are mentioned in Table 2. The
concentration of aluminium, yttrium increases with
decreasing concentration of lanthanum the particle size also
decreased from 30 nm to 24 nm. The series shows FCC
crystal structure. The hopping length of octahedral and
tetrahedral sites is mentioned in Table 3. As the con-
centration of aluminium, yttrium increases with decreasing
concentration of lanthanum, the hopping length of octahe-
dral sites decreases with increase in hopping length of tet-
rahedral sites shown in Fig. 3 and their variation shown in
crystalline size i.e., decreasing order shown in Fig. 4.

3.3 Magnetic measurement by vibrating sample
magnetometer (VSM)

In our investigation the magnetic properties of the
La1-XAlXYYFe2-YO4 series at a field of 50 kOe produced field-
dependent magnetisation including Saturation Magnetisation
(MS), remnant magnetisation (Mr), coercivity (HC), magnetic
moment (B), and anisotropy constant (K1), it resulted from the
M–H loop listed in Table 4. TheMS values rapidly fall with the
addition of nonmagnetic La3+ due to the creation of non-
magnetic spinel structure, as seen in Fig. 5. Additionally, the
value of MS diminishes as the collinear ferromagnetic

Fig. 2 XRD spectrum of La1−XAlXYYFe2−YO4 series
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arrangement is converted to non-collinear order. The crystallite
size, cation distribution, and exchange energy of the crystals all
play a role in this diminishing process. The results improve in
surface-to-volume atoms, which form a number of vacancies
and interatomic separation, as D is reduced. With the devel-
opment of trivalent Yttrium ions, these disordered spins over

the surface induce magnetism. Furthermore, the cation dis-
tribution at the A- and B-sites can explain Ms declining beha-
viour. In most cases, the iron ion is found in the B site. Some
iron ions migrated to the tetrahedral location when Al3+, and
Y3+ were substituted. Furthermore, replacing the iron ion with
the paramagnetic Y3+ results in enhanced in net magnetic
moment and the coercivity values HC of ferrites materials are
shown in Table 4 and as illustrated in Fig. 6. The experimental
μB per formula unit was calculated as follows:

μB ¼ M �Ms

5585
ð6Þ

Table 2 Inter planar distance
(d), Lattice constant (a), Volume
(V) and X-ray density (dx)
Average particle size (D) and
crystal structure of
La1−XAlXYYFe2−YO4 series

Sr. No X Y d a V dx * 10−23 D (nm) Crystal structure

1 0.25 0.25 0.3174 0.896 7.81 4.2315 30.99 FCC

2 0.50 0.50 0.3250 0.3501 8.82 3.6041 25.37 FCC

3 0.75 0.75 0.3114 1.4540 10.77 1.3452 24.25 FCC

Table 3 Hopping lengths ‘LA’ and ‘LB’ of La1-XAlXYYFe2-YO4 series

Sr. No. X Y LA LB

1 0.25 0.25 1.6873 0.3770

2 0.50 0.50 0.5845 0.4772

3 0.75 0.75 0.3148 0.5140

Fig. 3 Hopping length of La1−XAlXYYFe2−YO4 series

Fig. 4 Variation of crystalline size with concentration of Al & Y for
La1−XAlXYYFe2−YO4 series

Fig. 5 Magnetic hysteresis loop of La1−XAlXYYFe2−YO4 series

Fig. 6 Variation of saturation magnetisation and coercivity with con-
centration of Al and Y for La1−XAlXYYFe2−YO4 series
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3.4 Field emission-scanning electron microscopy
(FE-SEM) and energy dispersive spectroscopy
(EDS) analysis

Figure 7 shows the effect of trivalent ion substitution in
place of iron ion on the surface morphology of La1−X-

AlXYYFe2−YO4 nano ferrites. The ferrites particles were
found to be nearly spherical, with a distinct grain boundary
and some agglomeration but their grain behaviour is an
important property of ferromagnetic materials. The particle
size was computed using the Debye sheerer approach, and it
was shown that the particle size decreases with the repla-
cement of Al3+, and Y3+, which exhibits a comparable plane
to D311 reported in the XRD data. The particle size estimated
by FE-SEM is comparable to that determined by XRD,
which is a common occurrence. The FE-SEM pictures show
highly porous structure of the synthesised nanomaterials.

Figure 8 shows the EDS of La1-XAlXYYFe2-YO4

nanoparticles (x= 0.25, 0.50, 0.75). The presence of peaks in
the spectra indicates that La, Al, Y, Fe and O are present.
There were no impurity peaks in the spectra, indicating that

the materials were pure. In Tables 5 and 6, the elemental and
atomic proportions of each mixture have been tabulated.

3.5 High resolution-transmission electron
microscopy (HR-TEM)

The morphological characteristics have been investigated by
high-resolution transmission electron microscopy (HR-TEM)
for the samples La1-XAlXYYFe2-YO4 indicated in Fig. 9(A, a),
(B, b), and (C, c). Particles with an average size range 80, 120
and 60 nm for the conc. of 0.25, 0.50 and 0.75, respectively.
The D311 estimated from the XRD data is better presented
with the particle size observed in the HR-TEM images. The
rings confirm the crystalline nature of the nano ferrites.

3.6 Photocatalytic degradation

By investigating photocatalytic degradation of Methyl red
dye, the La1−XAlXYYFe2−YO4 nano-ferrites were considered
suitable for catalytic activities. Figure 10a shows the
UV–visible absorption spectra of methyl red dye in a

Fig. 7 FE-SEM images of La1−XAlXYYFe2−YO4 Series (A, a) 0.25 (B, b) 0.50 and (C, c) 0.75 conc

Table 4 Magnetisation data of
La1-XAlXYYFe2-YO4 series

Sr. No. X and Y
concentration

MS

(emu/g)
Mr

(emu/g)
Mr/MS Coercivity

(HC) (Oe)
μB (Bohr
magneton)

K1= MsHc
2 � 104

(erg/cm3)

1 0.75 19.27 5.78 0.299 1.11 0.88 10.69

2 0.50 30.13 3.42 0.113 1.57 1.48 23.65

3 0.50 37.16 2.75 0.074 4.49 1.96 83.42
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suspension of La1−XAlXYYFe2−YO4 nano-ferrites Nano-
composite as a function of irradiation time [50, 51]. The
characteristic absorption peak of methyl red dye at ~523 nm
gradually decreases with time irradiation, as can be
observed in the figure. Using La1-XAlXYYFe2-YO4 nano-
ferrites composites, substantial degradation of methyl red
dye was seen in about 210 min. Figure 10b shows a kinetic
graph of the methyl red photodegradation reaction over
many catalysts with respect to variable irradiation time. The
observation that the concentration of methyl red remained
constant in the absence of a photocatalyst in the presence of

sunlight implies that the methyl red dye is photochemically
very stable. Within 210 min of irradiation, complete methyl
red degradation was observed for X= Y= 0.75 concentra-
tion La1−XAlXYYFe2−YO4 nano-ferrites composites, whereas
less degradation was observed for without catalyst, X=
Y= 0.25 concentration, and X= Y= 0.50 concentration
La1−XAlXYYFe2-YO4 nano-ferrites composites, respectively.
This study indicates that the amount of La1−XAlXYYFe2−YO4

nano-ferrites in the composite is substantially correlated
with the photocatalytic degradation process. Furthermore,
La1−XAlXYYFe2−YO4 nano-ferrites catalyst has a stronger

Fig. 8 EDS spectrum of La1-XAlXYYFe2-YO4 Series a 0.25, b 0.50, c 0.75 conc

Table 5 The elements of each sample composition La1-XAlXYYFe2-YO4

nanoparticles analysed by atomic %) obtained by EDS

Sr. No Composition of
nanoparticles

Elemental composition (atomic%)

La Al Y Fe O

1 0.25 45.15 8.77 45.54 18.15 5.19

2 0.50 46.19 8.97 46.59 18.56 6.64

3 0.75 47.28 9.18 47.69 19.00 6.80

Table 6 The elements of each sample composition
La1-XAlXYYFe2-YO4 nanoparticles analysed by (wt%) obtained by EDS

Sr. No Composition of
nanoparticles

Elemental composition (wt%)

La Al Y Fe O

1 0.25 44.82 1.69 45.65 7.24 0.59

2 0.50 44.77 1.68 45.55 7.24 0.74

3 0.75 44.77 1.68 45.55 7.23 0.74
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photo-sensitivity in visible light, with a band gap of
~3.0 eV. Figure 10c shows the plot of lnC0/C of methyl red
dye in suspension with irradiation time with all samples.
The graph of lnC0/C of all samples with respect to irra-
diation interval is linear, indicating that photocatalytic
degradation is first order. The colour of the Methyl Red
solution progressively changed from red to light red and
then to colourless, which might be seen.

The kinetic study shown as follows [48],

ln C0=Cð Þ ¼ kt ð7Þ

where, C0= Initial concentration, C= Final concentration,
k= rate constant and t= time. It can be calculated from
simulation curve as shown in Fig. 10c. The rate of
degradation was monitored by using UV–Visible Spectro-
scopy and the degradation efficiency was calculated by
using formula,

Degradation efficiency %ð Þ ¼ C0 � C

C0
� 100 ð8Þ

C0 and C are the dye concentration at initial and
various time.

The La1-xAlXYYFe2-YO4 nano-ferrites catalysed degrada-
tion shows 80% degradation efficiency of methyl orange dye.

3.7 Catalyst recyclability

One of the most important features of catalytic efficiency
across realistic reuses is the reusability of the produced

La1-XAlXYYFe2-YO4 nano-ferrites. As a result, three cycles
of photocatalytic methyl red degradation were carried out
under sunlight employing La1-XAlXYYFe2-YO4 nano-fer-
rites, as shown in Fig. 11. After three cycles, the catalyst’s
exceptional efficiency was revealed, validating the stability
of the produced catalysts.

3.8 BET analysis

The surface area and porosity of the La1-XAlXYYFe2-YO4

were measured using the Brunauer Emmett–Teller (BET)
equation following the Barrett–Joyner–Halanda method.
Figure 12 shows (a) BET surface area and inset, and (b) pore
size distribution of La1-XAlXYYFe2-YO4. From the N2

adsorption–desorption isotherm of La1-XAlXYYFe2-YO4 in
Fig. 12, the BET surface area of the particles is 2.688 m2 g−1.
The total pore volume at P/P0 (0.99) is 5.178 cm

3 g−1. The
average pore diameter was found to be 7.704 nm. The iso-
therm represents type (V), with an H3 hysteresis loop, which
is a characteristic of mesoporous materials.

4 Conclusion

A sol–gel method was used successfully to produce
La1-XAlXYYFe2-YO4 nano-ferrites. The structural, magnetic,
and optical properties of trivalent yttrium ion in La–Al–Y
ferrite nanoparticles were examined. With an optical band
gap of 2.9–3.1, the highest absorption occurs at ~265 nm.
XRD analysis reveals a cubic spinel closed packed

Fig. 9 HR-TEM images of La1-XAlXYYFe2-xO4 Series (A, a) 0.25 (B, b) 0.50 and (C, c) 0.75 conc
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structure (FCC) with no impurity peaks. The crystallite size
and particle size were found to be in the 20–30 nm range
using the Scherrer formula. The HR-TEM show the particle
size and 80–110 nm and confirms the crystalline nature of
prepared nano-ferrites. The composition purity was

validated using EDS analysis. Because lanthanum, alumi-
nium, and yttrium are paramagnetic magnetic materials, the
addition of Al3+, and Y3+ influence on MS. Their Bohr
magneton enhanced as the anisotropic constant value
increases. From BET analysis, the surface area, pore
volume and pore diameter are 2.688 m2 g−1, 5.178 cm3 g−1

and 7.704 nm, respectively. This study reveals the nano-
particles are in mesoporous form.The isotherm represents
type (V), with an H3 hysteresis loop. The
La1-XAlXYYFe2-YO4nano-ferrites shows the excellent pho-
toactive material and used for the degradation of methyl red
dye within 210 min successfully.
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