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ABSTRACT
Lanthanum (La)-substituted α-Fe2O3 (pure, 2%, 5%, 8%, and 10%) nanopowder 
with altering concentration was fabricated using the sol–gel technique. The effect 
of trivalent  La3+ ions on the microstructural, electrical, dielectric, and magnetic 
properties of the hematite nanopowder was investigated. X-ray diffraction (XRD) 
pattern of pure and La-doped samples was indexed as a rhombohedral phase 
with the R3c space group of hematite having crystallite size ranging from 13.5 to 
33.4 nm. The existence of  La3+ ions in the α-Fe2O3 matrix was confirmed by the 
EDS spectra. Furthermore, XRD findings are in-line with FTIR observation. The 
resistivity plots demonstrated two different regions corresponding to two dis-
similar kinds of conduction mechanisms. Investigation of resistivity data indicates 
the variable-range hopping and nearest-neighbor hopping conduction mecha-
nisms are present in the 100–300 K and 300–400 K temperature slots, respectively. 
The dielectric analysis of undoped & La-substituted α-Fe2O3 was carried out in 
the temperature range 100–400 K and followed the variation in lattice parameters 
and morphology of samples. Magnetic study reveals that magnetic properties 
were significantly modified with the addition of  La3+ions in the hematite lattice.

1 Introduction

In the last few decades, magnetic materials captured 
the researcher’s attention because of their prospective 
applications such as magnetic memories, targeted drug 
delivery systems, magnetic imaging, and sensing in 
different technical aspects [1–5]. Magnetic materials 
have become the center of interest because of their 
thermal stability, low cost, and their eco-friendly 

behavior. Among these magnetic oxides, iron oxide 
 (Fe2O3) nanoparticles gain popularity due to their 
widespread applications such as adsorbents, catalysts, 
magnetic fluids, and high resistance to corrosion [6–9]. 
 Fe2O3 is generally observed to exist in four crystalline 
phases such as α-Fe2O3, β-Fe2O3, γ-Fe2O3, and ε-Fe2O3. 
Out of these phases, the hematite (α-Fe2O3) is the best 
stable phase of iron oxide having characteristics of 
an n-type semiconductor with a bandgap of ~ 2.1 eV 
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[10–13] and always exhibits a hexagonal structure with 
R3c space group. It is always fascinating to modulate 
the material properties through the addition of suit-
able impurities and the more exciting rather challeng-
ing is to make these material modifications suitable 
for use in desired applications. Like a p-type or n-type 
semiconductor is just made by the addition of suitable 
trivalent or a pentavalent impurity, respectively. These 
semiconductors have revolutionized the world and 
present age may be called as age of semiconductors. 
So this becomes the main application and motivation 
to pursue a material and introduce a suitable impu-
rity and to explore any possibilities of enhancement in 
properties for almost any person working on materi-
als. The existing reports reveal that the substitution of 
transition metals at the Fe-site in the α-Fe2O3 crystal 
structure is favored in tunning the structural, electri-
cal, optical, dielectric, and magnetic properties of hem-
atite nanoparticles [14–22]. The incorporation of  La3+ 
ion in α-Fe2O3 was observed to induce semiconducting 
nature along with the increase in dielectric constant (ε′) 
and crystallite size while decreasing the dielectric loss 
(X = 0.10).Furthermore, it has been investigated that 
doping of lanthanide  (Ln3+) ions strongly influences 
the structural, electrical, dielectric, and magnetic prop-
erties [23–27]. The increased value of electrical resistiv-
ity was observed with  La3+ ion substitution attributed 
to the hopping conduction mechanism. Besides, Ce 
doping is also observed to significantly influence the 
electrical, structural, dielectric, and magnetic proper-
ties of hematite nanoparticles[28, 29]. The substitution 
of  Gd3+ ions in α-Fe2O3 was observed to improve the 
magnetic properties [30]. Seham K. Abdel-Aal et al. 
synthesized the Perovskite-graphene nanocomposites 
of rare-earth  LaFeO3-rGO and  LaFeO3 nanoparticles 
by citrate sol–gel method, and the effect of graphene 
has been observed where it decreases the particle size 
and energy band gap values by ≈ 10 nm and 0.03 eV, 
respectively, with increased value of saturation mag-
netization [31]. Cu doping of the NiZnCu-based fer-
rite system assists in the modification of the matrix 
owing to the difference in the ionic size of  Ni2+ which 
can alter the electrical and magnetic properties. The 
substitution of copper was observed to decrease the 
firing temperature[32]. Seham K. Abdel-Aal et al. suc-
cessfully prepared Cu hybrid perovskites diammo-
nium series [(NH3)2(CH2)3]CuCl4& [(NH3)2(CH2)4]
CuCl2Br2 by the evaporation method and reported 
that Cu-based hybrid perovskites show strong absorp-
tion in UV region according to the optical absorption 

study. The energy gap of  C3CuCl and  C4CuClBr are 
equal to 2.85 and 3.9 eV, respectively [33].Seham 
Kamal Abdel-Aal et al. designed a new series of 2D 
hybrid perovskites of the formula  NH3(CH2)nNH3MX4 
n = 3 – 9, M = Mn, Cu, Co, Bi. X = Cl, Br and obtained a 
promising result concerning photovoltaic application 
of 2D perovskite hybrid. The primary results of the 
band gap energies are (1.75 eV–2.65 eV). Regarding 
to its stability and safety, it is highly recommended 
to emerge Bi alkyl ammonium as hybrid perovskite 
lead-free, low cost, and environmental friendly mate-
rial for solar cells applications [34]. To date, the doping 
of only a few elements from the lanthanide series was 
reported. The doping of La ions among other lantha-
nides is observed to perfect substitution for the Fe-site 
without occupying the interstitial sites and tailored the 
structural, electrical, and both the direct and indirect 
bandgap in α-Fe2O3 [35–37]. To the best of our knowl-
edge, the investigation of microstructural, electrical, 
dielectric, and magnetic properties of  La3+ ions sub-
stituted in α-Fe2O3 nanoparticles remains unexplored. 
Therefore, the present report describes the tailoring of 
structural, electrical(temperature-dependent resistiv-
ity), dielectric, and magnetic properties of  La3+doped 
α-Fe2O3 nanoparticles.

2 �Experimental�details

2.1 �Materials�and�synthesis

Lanthanum-doped hematite samples with differ-
ent compositions were fabricated using the sol–gel 
technique with formula  Fe2−2XLa2XO3 (X = 0.00, 0.02, 
0.05, 0.08 & 0.10). The iron (III) nitrate nonahydrate, 
Fe(NO3)3.9H2O (Sigma-Aldrich, 99.95%), and Lan-
thanum (III) nitrate hexahydrate La  (NO3)2.6H2O 
(Sigma-Aldrich, 99.99%) salts were taken in their 
stoichiometric ratio and dissolved in deionized (DI) 
water with the formation of a solution. The obtained 
solution was heated to 80 °C with continuous stirring 
until it converted into gel form. Thus the formed gel 
was heated at 120 °C for 2 h to solidify it. Further to 
remove any existing moist content, this solidified gel 
was heated at 200 °C temperature for 3 h. Now, agate 
mortar-pestle is used for hand grinding this solidified 
gel with required homogeneity. After 3 h of continu-
ous hand grinding, this homophasic powder was pel-
letized in 10 mm diameter dye using a hand-operated 
hydraulic press under 5 tons of pressure. Eventually, 
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the produced pellets were sintered at 600 °C in the air 
for 6 h.

2.2 �Characterizations

La-substitutedα-Fe2O3samples were characterized 
using various techniques such as X-ray diffraction 
(XRD), Fourier transform infrared spectroscopy 
(FTIR), field emission scanning electron microscopy 
(FESEM), energy-dispersive X-ray spectroscopy (EDS), 
temperature-dependent resistivity, dielectric constant, 
and vibrating sample magnetometer (VSM). The crys-
tal structure of the samples was determined by the 
Bruker-AXSD8 advance diffractometer with wave-
length (λ = 1.540 Å) using Cu  Kα source. The morphol-
ogy study and elemental composition of samples were 
carried out using FESEM with EDS instrument model 
Nova Nano FE-SEM 450 (FEI). FTIR measurements 
were taken by Perkin-Elmer 580B IR spectrophotom-
eter using the KBr pellet technique between 4000 and 
500  cm−1 for 16 scans at a resolution of 4  cm−1 at room 
temperature. The resistivity measurements of samples 
were carried out by Keithley electrometer-6517B in the 
temperature range of 100 to 400 K. Furthermore, the 
dielectric and magnetic properties of all samples were 
studied by Agilent 4285A precision LCR meter and 
Lake Shore-7410 Series VSM, respectively.

3 �Results�and�discussion

3.1 �XRD�analysis

The XRD patterns of  Fe2-2XLa2XO3 (X = 0.00, 0.02, 0.05, 
0.08, and 0.10) nanoparticles are displayed in Fig. 1. 
The XRD patterns of pure and La-doped hematite 
show rhombohedral phase in the R3c space group 
and the peaks are assigned to (012), (104), (110), (113), 
(024), (116), (018), (214),and (300) planes referring to 
JCPDS card No. 84–0311[38–40].

The addition of more La content (after X = 0.08) 
into α-Fe2O3 lattice triggers the reduction of the 
intensity of peaks which indicate that crystallin-
ity of samples has been decreased [41, 42]. This 
specifies the solubility limit of La ions in α˗Fe2O3 
lattice where saturation is observed at X = 0.08 La 
doping concentration. This scenario provides evi-
dence of insolubility at higher La doping concen-
trations, which has already been reported by dif-
ferent research groups [43–46]. The formation of 

a secondary phase of  LaFeO3 (JCPDS No. 96–154-
2033) at higher concentration along with the pri-
mary α˗Fe2O3 phase may be due to a greater radius 
of  La3+ (1.6061 Å) than  Fe3+ (0.645 Å), as  La3+ well 
incorporated between interstitial location in  Fe3+ 
below X = 0.08 of La doping. But above a particu-
lar concentration (X = 0.10), the hoarding of La ions 
begins over the lattice surface. The additional peaks 
of the secondary phase are noticed for X = 0.10 of La 
doping, as evident from Fig. 2 [47]. Interestingly, the 
peak intensities of the α-Fe2O3 phase get increased 
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Fig. 1  XRD patterns of  Fe2-2XLa2XO3 (X = 0.00, 0.02, 0.05, 
0.08,0.10) nanoparticle samples
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for the low-concentration doping of La content 
(X = 0.02), which favored the growth of the parent 
crystal. Moreover, the crystallite size (D) of all the 
synthesized samples has been estimated with the 
help of Debye-Scherer’s formula [48].

where the wavelength of the X-ray is taken as 
λ = 1.54 Å, while β and θ represent the fullwidth at 
half maximum (FWHM) and Bragg angle, respectively 
[45, 49]. The crystallite size of the pure α-Fe2O3 sam-
ple is ~ 18.1 nm which is increased drastically when 
doping of La content at low concentration. On further 
increasing the doping concentration, the crystallite 
size decreases significantly. However, it increases 
slightly at a high doping La concentration (X = 0.10) 
at saturation. The calculated value of crystallite size 
and lattice parameter is summarized in Table 1, which 
indicates an enhancement in the FWHM of the dif-
fraction peaks with increasing La concentration in the 
host lattice of α-Fe2O3 leads to a reduction in crystal-
lite size [50]. The incorporation of La ions into the Fe-
site of α-Fe2O3 results in the enhancement of lattice 
parameter values (a = b and c) below X = 0.08, after that 
(at X = 0.10) an indiscriminate variation is inspected. 
The structural anomaly indicated by non-uniform 
variation in crystallite size and lattice parameters in 
Table 1 may be attributed to the occurrence of second-
ary phase [51, 52].

Furthermore, it is also seen that peaks are shifted 
toward the lower angle side, as shown in Fig. 2. This 
shifting of diffraction peaks toward the lower Bragg 
angle indicates the presence of strain produced due 
to La doping in the α-Fe2O3 lattice (Fig. 3).

(1)D =
0.89�

� cos �
,

3.2 ��FESEM�and�EDS�analysis

FESEM micrographs of  Fe2-2XLa2XO3 (X = 0.00, 0.02, 
0.05, 0.08, and 0.10) are shown in Fig. 4. The aver-
age particle size of the pure sample and La-doped 
hematite samples was analyzed using IMAGE-J soft-
ware. The estimated particle size of the pure sample 
is ~ 51 nm, while it lies between ~ 54 and ~ 141 nm for 
α-Fe2-2XLa2XO3 samples. It can be observed from the 
micro-images (Fig. 4) that undoped hematite micro-
structure is comparatively fine and uniform, as com-
pared to that of higher La doping concentration, which 
may be due to an increase in the average value of par-
ticle size on account of larger ionic radii of the  La3+ 
than the host  Fe3+ ions [53–55].

Additionally, EDS analysis is used to confirm the La 
incorporation in the synthesized sample, as displayed 
in Fig. 5. The EDS spectrum of pure hematite (Fig. 5(a)) 
shows only the peaks corresponding to the elements 
iron (Fe) and oxygen (O) [56]. Conversely, EDS spec-
tra of La-doped hematite samples (Fig. 5(b-e)) show 
the additional peaks of La along with Fe and O. The 
experimental weight percentage is shown in Table 2.

3.3 �FTIR�analysis

The Vibrational study using infrared absorption 
has been carried out to gain more information on 
the crystal structure. FTIR plots of  Fe2-2xLa2xO3 sam-
ples ranging from 400  cm−1 to 4000  cm−1are shown 
in Fig. 3. The O–H bending mode of hydroxyl group 
is represented by bands emerging at 3448.8, 2924.2, 
and 2850.9  cm−1 but asymmetric as well as symmet-
ric vibration of ˗CH3 kind groups are represented 
by the bends at 1629.9  cm−1 [57–59]. The FTIR bands 
emerging at 1109.1 and 1383.0  cm−1 are assigned 
for –CH2 and outstanding hydroxyl group C–OH, 
respectively[60, 61]. However, the bands appear-
ing at 457.7 and 547.8  cm−1 are corresponding to  Eu 
and  A2u, two characteristic modes in α-Fe2O3 [62]. 
The overlapping of  A2u and  Eu vibrations in trans-
verse direction to the c-axis can be correlated with 
the band at 547.8  cm−1which may attribute to the 
elongated Fe–O vibration. The two vibration modes 
 A2u and  Eu can be overlapped because they loss the 
inversion point simultaneously. Also, both are anti-
symmetric to inversion. The energies of these states 
are close due to slight change in polarization change. 

Table 1  Crystallites size, lattice parameters, and particle size of 
 Fe2-2XLa2XO3 nanoparticles at different compositions

Compositions
(X)

Crystallite 
size (nm)

Lattice param-
eters (Å)

Particle size (nm)

a (= b) c

X = 0.00 18.1 5.039 13.215 51.42
X = 0.02 33.4 5.037 13.211 73.69
X = 0.05 15.3 5.040 13.226 68.92
X = 0.08 13.5 5.061 13.232 54.93
X = 0.10 16.7 5.063 13.250 141.57
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Furthermore, from Fig. 3, it is also examined that 
with the incorporation of La into the hematite lattice 
at X = 0.02, an increase in peak intensity indicates 
an enhancement in crystalline nature at this compo-
sition, but for higher doping concentration[63], the 
intensity of  Eu and  A2u modes is observed to reduce 
the peaks intensity which reveal that crystallinity of 
the α-Fe2O3 degrading with a higher doping level of 
La. FTIR spectroscopy investigation and XRD predic-
tion are in good agreement to predict the crystalline 

nature of synthesized samples. The assignment of 
the observed bands are given in Table 3.

3.4 ��Temperature‑dependent�resistivity�
analysis

The variation of resistivity for La-doped α-Fe2O3 nano-
particles in the temperature range 100–400 K is shown 
in Fig. 6. There is not much significant variation in the 
resistivity of α-Fe2-2xLa2xO3 up to 300 K but above 300 K 
resistivity is observed to decrease exponentially with 

Fig. 3  FE-SEM micrograph 
of α-Fe2-2XLa2XO3 (X = 0.00, 
0.02, 0.05, 0.08,0.10) sam-
ples
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increasing temperature that can be explained based on 
improved drift velocity charge carriers due to thermal 
energy which confirms the semiconducting behavior 
of the synthesized materials [64]. These two resistiv-
ity variation regions (100–300 K and 300–400 K) may 
be attributed to two kinds of conduction mechanisms 
variable-range hopping and nearest-neighbor hopping, 
respectively. At lower temperature, the charge carriers 
cannot contribute to conduction due to a lack of thermal 
energy but at higher temperature charge carriers gain 
sufficient thermal to cross-grain boundaries and contrib-
utes to conduction resulting in reduced electrical resis-
tivity. It is observed from Fig. 6, the resistivity plots that 
the substitution of La ions in  Fe2O3 lattice leads to an 
increase in resistivity due to a decrease in the  Fe3+ ions 
concentration on La substitution which in turn reduces 
the rate of electron transport hopping. The resistivity 

values of samples are summarized in Table 3. The ele-
vated resistivity indicates the high insulating behavior, 
which can be well linked with our observation regard-
ing the increase in dielectric constant with increasing La 
concentration. [65–67].

3.5 �Dielectric�analysis

Figure 7 illustrates the variation of dielectric con-
stants with temperatures ranging from 100 to 400 K of 
 Fe2-2XLa2xO3 (X = 0.00, 0.02, 0.05, 0.08, and 0.10) nanopar-
ticles at selected frequencies range (0.1 to 0.4 MHz). The 
value of real dielectric constant of pure and La-doped 
hematite nanoparticles was determined with the help of 
Eq. (2) given as follows:

(2)�� = C
p
d∕�
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where ε0 is the free space permittivity, d denotes the 
distance between the plates, and ‘A’ is used for the 
area of plates [68].

The dielectric constant observed to exhibit weak 
frequency dispersion along with low temperature 
dependence for all samples below ~ 200 K which 
may be attributed to the inability of dipoles to orient 
themselves in field direction due to lack of thermal 
energy. Contrary to this, the thermal energy triggers 
space-charge polarization with increasing tempera-
ture (T > 220 K) due to the liberation of more localized 
dipoles. All these factors result in the increased value 
of ε′ in the high-temperature region which is a general 
behavior in the case of the ionic solids [69, 70]. The 
dependence of the dielectric constant on frequency 
can be correlated and explained with help of cole–cole 
model [71] as well as Maxwell–Wagner type model 

[72] of interfacial polarization with the help of Koop’s 
theory [73, 74]. The high value of dielectric constant at 
lesser frequencies side exhibits grain boundaries con-
tribution. While with the increase of frequency of the 
applied field, the involvement of grains predominates 
hence resulting in lowering the dielectric constant. 
The electrons hopping inside grains causes them to 
pile up on grain boundaries leading to space-charge 
polarization, and thereby, the dielectric constant gets 
elevated at low frequencies. But with increasing fre-
quency, a decrease in orientation polarizability can be 
observed, due to the exchange of electrons between 
ions  Fe2+ and  Fe3+ and start lagging behind the applied 
field. This reduced the probability of electrons shifting 
on grain boundary and hence dielectric constant drop 
at a higher frequency. The all-over increased dielec-
tric constant with increasing La concentration may be 
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attributed to doping induced non-Centro symmetric 
nature ferrite lattice, resulting in improved atomic 
polarizability and formation of  LaFeO3 secondary 
phase distributed on the grain boundaries resulting 
in the piling space charges there [65, 75]. Since polari-
zation and unit cell volume is inversely proportional 
to each other [70]. The value of dielectric constant first 
increases for X = 0.02 concentration of La due to the 
reduction in lattice cell parameters and then decreases 
from X = 0.05 to X = 0.10 of La doping concentration 
due to its increased lattice parameter and unit cell vol-
ume. Dielectric constant values (selected frequencies) 
at 100 K are summarized in Table 3.

Dielectric loss (tanδ of the samples has been 
obtained in the frequency range 0.1 MHz to 0.4 MHz 
as a function of temperature ranging from 100 to 

400 K. The plots between dielectric loss and tempera-
ture are shown in Fig. 8. Initially, at 400 K, the dielec-
tric loss of  Fe2-xLa2xO3 (X = 0.00, 0.02, 0.05, 0.08, and 
0.10) synthesized samples increases with 0% to 8% 
concentration in the host lattice and decreases with 
10% concentrations of La at 400 K.

This type of variation can be explained with the 
help of the Cole–Cole model [69] and Debye’s relation, 
tanδ =ωτ/1+ω2τ2 where ω denotes angular frequency 
of applied field and τ is used for relaxation time. With 
the increase of ω, factor tanδ decreases accordingly. 
Further at a particular frequency, the variation in tanδ 
plot can be attributed to the relaxation time [76, 77]. At 
low temperature, relaxation time is more and its value 
decreases with the increase in temperature which 
may be related to Koop’s phenomenological theory. 
At higher concentration (X = 0.100), the loss has been 
decreased due to secondary phase of  LaFeO3 [65]. The 
calculated value of Dielectric loss (tanδ from graph at 

Table 2  Weight % of Fe, O, and La in α-Fe2-2xLa2xO3 (X = 0.00, 
0.02, 0.05, 0.08, and 0.10) nanoparticles

La doping concentration Elements Experimental 
(weight %)

X = 0.00 Fe 74.62
O 25.38

X = 0.02 Fe 58.77
O 40.68
La 0.54

X = 0.05 Fe 56.76
O 38.35
La 04.89

X = 0.08 Fe 62.97
O 32.45
La 04.58

X = 0.10 Fe 66.98
O 25.45
La 07.57

Table 3  The assignment of 
the observed bands of IR for 
of  Fe2-2XLa2XO3 (X = 0.00, 
0.02, 0.05, 0.08, and 0.10) 
samples

IR bands in  cm−1 Assignment References

3448.8 O–H Bending (hydroxyl group) [57–59]
2924.2 O–H Bending (hydroxyl group) [57–59]
2850.9 O–H Bending (hydroxyl group) [57–59]
1629.9 –CH3Symmetric & Asymmetric vibrations [57–59]
1109.1 –CH2 Mode [60, 61]
1383.0 C˗OH (hydroxyl group) [60, 61]
457.7 Eu Characteristic modes [62]
547.8 A2u Characteristic modes, [62]
547.8 The overlapping of  A2u and  Eu vibrations band (elon-

gated Fe–O vibration)
[62]
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selected frequencies (0.1 MHz and 0.4 MHz) and tem-
perature (400 K) are summarized in Table 4.

3.6 �VSM�analysis

The magnetic behavior of synthesized La-doped hem-
atite nanoparticle samples was understood through 
M-H loops at room temperature, as depicted in Fig. 8, 
9. The observed different magnetic parameters such 
as coercivity  (Hc), remanence magnetization  (MR), 
and maximum magnetization  (MS) are summarized in 
Table 4. From all M-H traces at room temperature, we 
observed that there is no saturation magnetization up 
to a field strength of 20,000 Oe which reveals that there 
is a presence of superparamagnetic particles. Further-
more, it has been also revealed that the presence of 
these non-saturated hysteresis loops at different con-
centrations means the wide distribution of particle size 
in the system [28]. Consequently, it may be concluded 

that the system not only consists of superparamag-
netic particles, but agglomeration also contributes to 
the hysteresis behavior [78] (Table 5).

From this hysteresis curve, it is observed for the 
coercivity (HC) that it decreases at X = 0.02 due to small 
particle size; however, this curve shows the high value 
of coercivity  (HC) at higher concentrations, which may 
be due to an increase in the particle size [79].

4 �Conclusions

E n h a n c e d  va l u e  o f  d i e l e c t r i c  c o n s t a n t 
and magnetic  propert ies  for   Fe2-2XLa 2XO 3 
(X = 0.00,0.02,0.05,0.08,0.10) in comparison to pure 
hematite was observed and accredited to the micro-
structural variation encouraged by the incorporation 
of  La3+ ions for  Fe3+ ions. Increasing  La3+ concentra-
tion to X = 0.10 migration of  La3+ ion results in the 

Fig. 7  Variation of dielectric 
constant with temperature 
at different frequencies of 
 Fe2-2xLa2xO3 (X = 0.00, 0.02, 
0.05, 0.08, and 0.10) nano-
particles
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development of impurity phases of  LaFeO3. The 
dielectric constant observed increases with increas-
ing La concentration in comparison to pure α-Fe2O3 
mainly due to the non-centrosymmetric nature of 
the ferrite lattice, improved atomic polarizability, 
and formation of  LaFeO3 phase at the grain bounda-
ries. But the value of dielectric constant decreases 
for higher La concentration (X = 0.05 to X = 0.10) due 
to increased lattice parameter and hence unit cell 

volume. Investigation of resistivity data indicates 
the variable-range hopping and nearest-neighbor 
hopping conduction mechanisms that are effective 
in the 100 to 300 K and 300 to 400 K temperature 
slots, respectively. The frequency dependency of the 
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Fig. 8  Dielectric loss versus temperature at different frequencies  forFe2-2xY2xO3 (X = 0.00, 0.02, 0.05, 0.08, and 0.10) nanoparticles

Table 4  Resistivity and dielectric constants (at selected frequen-
cies) of pure and La-doped hematite nanoparticles at 100 K

Doping 
concen-
tration 
(X)

Resistiv-
ity at 
100 K
(×  108 
Ωm)

Dielectric constant (100 K)

0.1 MHz 0.2 MHz 0.3 MHz 0.4 MHz

X = 0.00 54.06 60.76 59.96 59.30 58.83
X = 0.02 66.69 200.32 197.95 196.31 195.22
X = 0.05 63.64 169.11 167.16 165.76 164.65
X = 0.08 60.11 147.51 145.86 144.62 143.80
X = 0.10 56.57 146.20 144.29 142.89 141.74
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Fig. 9  M-H curves of  Fe2-2xLa2xO3 (X = 0.00,0.02,0.05,0.08, and 
0.10) samples at room temperature



 J Mater Sci: Mater Electron         (2023) 34:1947  1947  Page 12 of 15

dielectric constant may also be understood based on 
the space-charge polarization mechanism by using 
Koop & Maxwell–Wagner’s models. Furthermore, 
it has also been noticed that the average value of 
coercivity (HC) and remanence magnetization (MR) 
are enhanced for hematite materials doped with 
Lanthanum.
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ABSTRACT
Silica coated cobalt ferrite (CoFe2O4:SiO2) nanocomposites were synthesized by co-
precipitation technique using metal nitrates as precursors. The as-prepared samples were
heat treated at different temperatures of 250, 500 and 750 �C for 24 h. Structural, thermal,
and morphological behavior of nanocomposites are investigated by XRD, FTIR, TGA-DTG,
and SEM characterization results, useful in biomedical applications. With increasing calcina-
tions temperature from 250 to 500 �C and 750 �C an increase in crystallite size of
CoFe2O4:SiO2 nanocomposites has been determined from 20.26 to 28.95 nm and 38.76 nm
by Williamson–Hall method, respectively. Furthermore, by increasing the temperature from
250 to 750 �C the lattice parameter and strain values have been found to increase
from 8.0321 to 8.0691Å and 1.01� 10�2 to 3.75� 10�3, respectively. Analysis of TGA results
found no weight loss when the sample was heated beyond 700 �C and thus complete
decomposition of precursors has led to the formation of stable nanocomposite structures at
high temperatures. SEM analysis of synthesized samples at 750 �C revealed well developed
nanoparticles of CoFe2O4: SiO2 with inter-granular porosity.
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1. Introduction

Ferrite nanoparticles have received significant attention
of researchers in recent years due to their specific
magnetic and electrical properties [1]. More import-
antly, nanoferrites have shown gas sensing capability
[2,3]. Moreover, they may be used in transformer
cores, high speed digital tapes, photocatalytic activity
toward the degradation of organic materials and
oxidative nature of reactions in the presence of

reducing gases [4,5]. Ferrites multifunctional character
with super-paramagnetic properties makes them an
interesting candidate for magnetic data storage, mag-
netic imaging, drug delivery, and microwave devices
[6–8]. Among spinel ferrites, cobalt ferrite (CoFe2O4)
has long been of great importance in fundamental
sciences and technological applications due to its
special magnetic properties such as high coercivity
(Hc), moderate saturation magnetization (Ms), good
chemical stability, and high mechanical hardness [9].
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Cobalt ferrite has an inverse spinel structure repre-
sented by (Co1�XFeX) A(CoXFe2�X)BO4 where X
denotes the degree of inversion, A denotes tetragonal
sites, and B represents octahedral sites. However,
cobalt ferrite usually has a strong tendency to agglom-
erate, which makes them very different and difficult to
reveal their unique physical properties. One way to
overcome this difficulty is to disperse nanoparticles in
a matrix as this method allows stabilization of the
nanoparticles [10]. Research in nanocomposites having
magnetic particles embedded in a silica insulating
matrix widely has grown considerably in recent years
due to the unique magnetic properties of these materi-
als [11]. Silica provides protection to cobalt ferrite par-
ticles from harmful neighboring environment, needed
for many technological applications. A number of
methods have been used to obtain nanoparticles such
as reverse micelle preparation [12], sol–gel method
[13], hydrothermal [14], low temperature auto com-
bustion [15], microemulsion [16], reduction–oxidation
route [17], continuous-flow micro-reactors. etc. [18].
There are many limitations of these methods like: toxic
nature and costly reagents, high temperatures, and
long time consuming processes. However, an efficient
method of preparation to avoid these ambiguities is
the co-precipitation method as compared to other
methods. The advantages of the co-precipitation
method are the high yield, high product purity, the
lack of necessity to use organic solvents, good reprodu-
cibility, and low cost. Silica embedded cobalt ferrites
are promising candidates for biomedical applications
like cell separation, purification, bactericide, and mag-
neto hyperthermia of tumor cells [6–8]. The silica
embedded cobalt ferrites may be proposed as the suit-
able materials for delivery of targeted nanomedicine in
most harmful environments. Magnetic investigations of
silica coated cobalt–ferrite nanocomposites have earlier
been reported [19] and the retentivity, saturation mag-
netization, and coercivity revealed a strong dependence
on their crystallite size. Our results suggest the poten-
tial applications of these silica embedded magnetic
nanoparticles in the biomedical field, especially for
hyperthermia treatment [6–8,19]. This paper reports
novel data on the properties, synthesis and structure
using XRD, FTIR, SEM, and thermal stability by
TGA–DTG of silica embedded cobalt ferrite
(CoFe2O4:SiO2) nanocomposites prepared by co-pre-
cipitation method and heat treated at 250, 500, and
750 �C for 24h.

2. Materials and methods

2.1. Sample preparation

Preparation and synthesis of samples were carried out
mainly in three steps by the co-precipitation technique.

Firstly, synthesis of CoFe2O4 was carried out by
using high purity reagents: cobalt nitrate hexahy-
drate (Co(NO3)2�6H2O), ferric nitrate nonahydrate
(Fe(NO3)3�9H2O), ammonia hydroxide (NH4OH)
(Sigma-Aldrich), and double distilled water. In this
method, solution mixture of Co(NO3)2�6H2O and
Fe(NO3)3�9H2O with a [Co2þ]/[Fe3þ] molar ratio
1:2 was dissolved in double distilled water and
stirred vigorously for 3 h at 70 �C. Double distilled
water was used as a solvent in order to avoid the
production of impurities in the final product. Now
a brown colored clear solution was obtained by
equally blending the mixture. Then ammonia
hydroxide (NH4OH) solution was used as a base so
as to get the precipitates of CoFe2O4 solution. After
that the obtained solution was filtered with double
distilled water and ethanol many times to remove
impurities if any. Thus, a suspension solution con-
taining dark brown precipitates was obtained.

In the second step, synthesis of SiO2 was carried
out. For this, typical molar ratio of precursors
TEOS:C2H5OH:HNO3:H2O:NH4OH was taken as
1:3:0.01:1:0.016, respectively. Initially, the first three
chemicals were dissolved in double distilled water as
per their given ratios. Then, NH4OH was added drop
wise in the solution mixture of TEOS, C2H5OH, and
HNO3. Addition of NH4OH turned the solution mix-
ture from transparent to milky. Now the obtained sus-
pension was stirred for 2h at 60 �C.

In the third step, synthesis of CoFe2O4:SiO2 was
carried out. For this, the obtained suspension solution
in the first and second steps was mixed together and
stirred for 6h. Temperature of the system was kept
constant at 70 �C during stirring. Then the resultant
precipitates were filtered out and washed many times
with double distilled water. After that the precipitates
so obtained were dried at 80 �C in a vacuum oven for
24h. The dried sample was grind to a very fine pow-
der. This fine powder was divided among five parts.
One of these five parts was kept as the as-prepared
sample. The other fine powdered identical samples
were heated at 250, 500, and 750 �C separately using a
programmable furnace.

2.2. Instrumentation

XRD: X-ray diffraction (XRD) patterns of samples
were recorded by an X-ray diffractometer (Philips
PW/1710) with Cu filter using mono-chromatic
CuKa radiation of wavelength1.548Å at 50 kV and
40mA. The scanning range by 2h angle was kept
10�–80�. XRD pattern gives information regarding
crystallite size, strain, and lattice constant.

FTIR: To investigate the compositional character-
istics like phase transformation and bonding of con-
stituents from optical excitation of vibrational
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modes, infra-red spectra were recorded in the range
4000–400 cm�1 using Fourier transform infrared
(FTIR) spectrometer (Perkin-Elmer 1600). For FTIR
characterization, pellets were obtained by homoge-
neously mixing the samples with KBr powder and
then pressing.

SEM: Surface morphology was analyzed by scan-
ning electron microscopy (SEM-JSM6610LV) with a
maximum applied voltage of 30 kV.

TGA-DTG: Change in mass of sample as a func-
tion of temperature and decomposition of precur-
sors was studied by Thermogravimetric Analysis
(TGA)-Derivative Thermogravimetry (DTG) curve
in temperature range 25–1100 �C (FRS1 R-Type).

3. Results and discussion

3.1. XRD analysis

The XRD patterns of the as-prepared sample and
that annealed at different temperatures varying from
250 to 750 �C are shown in Figure1. The presence
of amorphous silica in all the samples was con-
firmed by the broad hump seen in X-ray patterns at
2�� 18�–23�. The presence of weak diffraction
peaks in the as-prepared CoFe2O4:SiO2 sample sug-
gests agglomeration of the nanocomposites. The
weak peaks that appeared at 250 �C suggest that the
particles of CoFe2O4 had been nucleated in the silica
matrix and thus the XRD pattern show poor crystal-
linity. In order to achieve better crystallinity, the as-
prepared sample was further heat treated at 500 and
750 �C. On comparing the XRD pattern with the
JCPDS PDF card No. 22-1086, the formation of
cobalt ferrite nanocomposites is confirmed. From
analysis of Figure 1, it could be clearly seen that the
rise in temperature from 250 to 500 �C leads to
higher crystallinity of the sample. In the diffracto-
gram of samples thermally treated from 250 to
500 �C two significant peaks centered at 2Ө ̴ 33.20�

and 35.41� are noticed. The peak centered at 2Ө ̴ 33�

indicates about the formation of hematite phase
(a-Fe2O3) [20] and the peak noticed at 2Ө ̴ 35� could
be indexed as the characteristic peak of

CoFe2O4:SiO2. By comparing with JCPDS PDF card
no. 22-1086 peaks could be easily indexed to a cubic
spinel structure (Fd3M). Here, the intensity of the
peak indicating hematite phase (2Ө ̴ 33.20�) is found
higher than that of the peak of CoFe2O4 phase (2Ө ̴
35.41�). This indicates that CoFe2O4 phase was not
developed fully and in this case related literature
suggests that ferrite silica phase is mostly calcined in
the temperature range 300–700 �C [21]. Further,
heat treatment of sample to 750 �C, results in a
sharp increase in the intensities of peaks which sug-
gests that crystallinity of particles has increased.
Moreover, it may also be noticed that the intensity
of the peak corresponding to CoFe2O4 phase is
increased while that indicating hematite phase has
decreased. This shows dominance of CoFe2O4 phase
over hematite phase indicating that CoFe2O4 par-
ticles are now been nucleated in the silica matrix.

The crystallite size, DD-S of the nanostructured
material has been estimated from the broadening of
the XRD peaks using the Scherrer equation [22]
with the size-strain plot shown in Figure 2

DD�S ¼ Kk=b cos h (1)

where k is the of X-ray wavelength, K is a structure
constant, h denotes diffraction angle, b represents
the full width at half maxima.

The size–strain plot also known as W–H plot
considers about the effect of stress broadening on
the nanostructure size (DW–H) and is calculated by
using the Williamson–Hall method

b ¼ kk=DW�H cos h þ 4e Sin h (2)

where E measures stress coefficient and its value is
measured from the slope of the fitted line. This
stress broadening coefficient leads to an increase in
grain size as compared to that measured by
Debye–Scherrer equation given in Table 1.

The lattice parameter ‘a’ is calculated for most
intense reflection (3 1 1) from Bragg’s equation

Figure 1. XRD patterns of CoFe2O4:SiO2 samples (a) as-pre-
pared, (b) 250 �C, (c) 500 �C, and (d) 750 �C.

Figure 2. Williamson–Hall (W–H) plot of as-prepared and
thermally treated CoFe2O4:SiO2 nanocomposites at different
temperatures.
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a ¼ d
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

h2 þ k2 þ l2
p

(3)

Calculated values of crystallite size using the
Debye–Scherrer equation (DD–S) and
Williamson–Hall method (DW–H), strain and lattice
parameter with increasing temperature are listed in
Table 1. In our earlier communication, we have
reported the magnetic properties of these samples
and retentivity, saturation magnetization and coer-
civity revealed a strong dependence on the crystallite
size and showed promise as a material for magnetic
hyperthermia [19].

3.2. FTIR analysis

The FTIR spectra of (a) as-prepared sample and
samples calcined at (b) 250 �C, (c) 500 �C, and (d)
750 �C for 2 h in the wave number range of
4000–400 cm�1 is shown in Figure 3. The spectra of
as-prepared sample of CoFe2O4:SiO2 shows bands at
3398.5 and 3404 cm�1 which are denoted to stretch-
ing vibration of H–O–H and surface silanol group
(Si–OH), respectively. This spectrum confirms about
the band of water overlaps with surface hydroxyl
group vibrations that results in band broadening.
Furthermore, the strong absorptions at 1095.57,
798.53 and 464.84 cm�1 indicate the formation of
silica network [23], while the presence of a band
found at 956.69 cm�1 has been assigned to Si–O–Fe.
The presence of Si–O–Fe vibrations indicates some
interaction between the highly isolated Fe3þ ions
and the nearest silica matrix. The presence of

Si–O–Fe and Co–O bonds reflects about the chem-
ical nature of the transition metals. As, transition
metal ions do not participate directly into the sol–-
gel chemistry even though they have been intro-
duced into the starting solutions [24]. In the spectra
of the as-prepared sample and the sample calcined
at 250 �C, the band at 1650 cm�1 could be assigned
to the deformation of molecular water having a
strong presence in these samples. For the samples
thermally treated at temperature of 500 �C, the
absorption band at 1095.57 cm�1 for Si–O–S is of
the SiO4 tetrahedron has further broadened, while
that for O–Si–O symmetric bond stretching vibra-
tions at 464.84 cm�1and vibrational mode of
Si–O–Si bond present at 800 cm�1 becomes much
weaker. This corresponds to a resettlement process
of the silica network [25]. However, the presence of
a broad hump at 3425 cm�1 indicates Si–OH vibra-
tions. Correspondingly, the band centered around
956 cm�1 shows for the absorption of the Fe–O
stretching in Fe–O–Si bonds which has increased in
intensity. These facts reflect the formation of
CoFe2O4 clusters that are accompanied with the
rearrangement of the silica network and the
enhancement of the Si–O–Fe bond between the
CoFe2O4 clusters and the surrounding silica net-
work. Furthermore, for the samples heat treated at
750 �C, the IR spectrum changes greatly as com-
pared with that of samples heat treated at lower
temperatures. The absorption at 1095 cm�1 for
Si–O–Si of the SiO4 tetrahedron grows narrower
and stronger, while a band corresponding to
956 cm�1 appeared [22,26]. The poor development
of ferrite structure in as-prepared sample is evi-
denced by the weakening of the characteristic band
of ferrite (590 cm�1). This fact is in agreement with
our XRD results, which has showed poor crystallin-
ity in the as-prepared sample. Moreover, at high
temperature, elimination of water molecules and
Si–OH volatiles from the sample leads to densifica-
tion of CoFe2O4:SiO2 and hence justifying about the
formation of nanocomposites which is confirmed by
the XRD results.

3.3. SEM analysis

The micrograph of CoFe2O4:SiO2 nanocomposites
thermally treated at 250, 500, and 750 �C are shown
in Figure 4. SEM micrograph of the samples ther-
mally treated at 250 �C indicates agglomeration of
particles due to the presence of magnetic inter-

Table 1. Crystallite size, strain and lattice parameter with increasing temperature.
Temperature (�C) Crystallite size ‘DD–S’ (nm) Average crystallite size ‘DW–H’ (nm) Strain ‘e’ Lattice parameter ‘a’ (Å)

250 19.80 20.26 1.01� 10�2 8.0321
500 27.15 28.95 2.72� 10�3 8.0625
750 35.34 38.76 3.75� 10�3 8.0691

Figure 3. FTIR spectra of CoFe2O4:SiO2 nanocomposites cal-
cined at different temperatures: (a) as-prepared, (b) 250 �C,
(c) 500 �C, and (d) 750 �C.
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particles and Van der Waal’s interactions as shown
in Figure 4(a).Micrograph of CoFe2O4:SiO2 ther-
mally treated at 500 �C is shown in Figure 4(b) and
indicates that particles are still agglomerated but
with decreasing agglomerate size at 500 �C as com-
pared to that at 250 �C [26]. Silica embedded
CoFe2O4 nanoparticles are well developed having
non-uniform morphology along with agglomeration
of particles which is supported by the SEM results
of grown CoFe2O4 nanoparticles reported by Raval
et al. [27]. Although, SEM analysis of the sample at
750 �C shown in Figure 4(c) demonstrates about
well-developed nanoparticles of CoFe2O4:SiO2.
Inter-granular porosity was also observed at 750 �C.
It can be clearly seen that SiO2 is coated on the
CoFe2O4 surface. A clear trend of microstructural
change is found with temperature. Our magnetic
findings of these silica coated cobalt–ferrite nano-
composites indicate [19] that retentivity, saturation
magnetization, and coercivity can vary with crystal-
lite size and is strongly depended on temperature.
Hence, our results indicate the individual appear-
ance of silica embedded nanoparticles has been
enhanced in the case of higher temperatures and
they may be suitably designed for maximum heating
efficiency in magnetic hyperthermia for cancer treat-
ment [6–8].

3.4. TGA–DTG analysis

The thermal decomposition behavior of precursors
was investigated by TGA–DTG analysis. TGA–DTG
curves of the as-prepared powdered samples are
shown in Figure 5. Change in mass of sample as a
function of temperature and decomposition of pre-
cursors was studied by TGA–DTG curve in tem-
perature range 25–1100 �C. Thermogravametric
analysis of precursors revealed that a total weight
loss of �24% occurred at four different temperature
ranges 50–200, 201–350, 351–600, 601–750 �C.
When the powdered sample was heated from 50 to
200 �C (first stage), around 7% weight loss occurred

due to the loss of moisture from the sample. This
loss of moisture is also reflected in the DTG curve
by the presence of a peak at 114 �C. In the second
stage (201–350 �C) nearly 11% weight loss has been
observed. This weight loss might be due to the oxi-
dative decomposition of precursors. The presence of
a strong peak around 208 �C attributes to the
decomposition of precursors in the DTG curve
[28,29]. In the third stage (351–600 �C), a constant
weight loss is observed leading to the formation of
an intermediate structure. In the temperature range
601–750 �C, the negligible weight loss implies
strengthening of the intermediate structure of
CoFe2O4:SiO2 nanocomposites. Analysis of TGA
results found no weight loss when the sample was
heated beyond 700 �C. This actually confirmed the
complete decomposition of precursors and existence
of a stable structure of CoFe2O4:SiO2 nanocompo-
sites even at high temperatures. Consequently, silica
embedded cobalt ferrite nanoparticles are protected
from harmful environments as needed for many
technological applications such as magnetic data
storage, magnetic imaging, microwave devices.

4. Conclusions

Silica embedded cobalt ferrite nanocomposites were
successfully prepared by co-precipitation method
and heat treated at different temperatures of 250,

Figure 4. SEM micrograph of CoFe2O4:SiO2 nanocomposites heat treated at (a) 250 �C, (b) 500 �C, and (c) 750 �C.

Figure 5. TGA–DTG curve of as-prepared silica coated cobalt
ferrite nanocomposites.
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500, and 750 �C. With increasing calcinations tem-
perature from 250 to 500 �C and 750 �C an increase
in crystallite size of CoFe2O4:SiO2 (nanocomposites)
has been determined from 20.26 to 28.95 nm and
38.76 nm, respectively by W–H method. By increas-
ing the temperature from 250 to 750 �C the lattice
parameter and strain values have been found to
increase from 8.0321 to 8.0691Å and 1.01� 10�2 to
3.75� 10�3 respectively. The XRD and SEM results
indicated that there is an increase in particle size,
crystallinity, surface morphology and microstructure
of the nanocomposites with increasing calcination
temperature. The characterization showed a clear
trend between heat treatment temperature and
resulting microstructures. The presence of Si–O–Fe
vibrations in the FTIR spectra suggests some inter-
actions between highly isolated Fe3þ ions and near-
est silica matrix. TGA–DTG results indicate no
weight loss by heating the samples beyond 700 �C
and confirmed the complete decomposition of pre-
cursors and formation of a stable structure of
CoFe2O4:SiO2 nanocomposites at high temperatures.
Individual appearance of silica embedded nanopar-
ticles has been enhanced for the case of higher tem-
peratures and may be suitably designed to obtain
maximum heating efficiency in magnetic hyperther-
mia for cancer treatment and other techno-
logical use.
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A B S T R A C T

The nanoparticles of Cobalt-ferrite (CoFe2O4), CoZnFe2O4 and CoCdFe2O4 have been synthesized by Auto-
combustion method. In this method, nitrates of Co, Fe, Zn and Cd were used as the starting materials, while citric
acid has been used as a fuel for the preparation of the samples of CoFe2O4, Co0.9Zn0.1Fe2O4 and Co0.9Cd0.1Fe2O4.
Further, the effect of Zn2+ and Cd2+ doping on the structural, thermal and magnetic properties of Cobalt-Ferrite
(CoFe2O4) were also investigated as a useful data. Thermal decomposition is confirmed by fast weight loss nearly
up to 580.0 °C due to removal of hydroxyl group and after that weight loss has been observed almost negligible
up to 1000 °C from the analysis of the TGA plot. In powder XRD results, pure cubic spinel structure of all the
composition has been found. With the help of W-H method using XRD data, the crystallite size has been found to
be lying in the range from 46.20 nm to 53.30 nm and strain values are obtained from −0.0003 to 0.0008. The
FTIR spectra confirmed the presence of MeO bond and ferrite in our prepared samples. It may be mentioned on
the basis of analysis of results for particle size by two XRD and TEM methods which indicate about the formation
of nano materials and doping of cobalt ferrites. Moreover, TEM results have also indicated the presence of nano-
sized spherical shape of prepared particles with agglomeration. From analysis of VSM results, the obtained
values of coercivity (Hc) have been found for these ferrites between 263.45 Oe and 1408.93 Oe. By the sub-
stitution of cobalt magnetic ions with Zn2+ and Cd2+, it is possible to tune the magnetic properties of cobalt
ferrite as a promising material for various technological applications.

1. Introduction

Research work on nanoparticles has recently become an important
field of investigations since almost two decades because of their unique
properties for various technological applications [1]. The nanoparticles
have many advantages in health care like they can be used to deliver
drugs to the targeted animal cells directly. They have more stability as
compared to bulk form of material with less toxic effects. Further,
magnetic nanoparticles have been used in many others applications like
information technology, storage systems and ferro fluids for magnetic
drug delivery and hyperthermia for cancer treatment [2]. As, these
nano sized magnetic materials are useful due to their high magnetiza-
tion and magneto resistivity. Furthermore, among magnetic nano-
particles metal ferrites have been generally found more useful. Because,
ferrites are relatively more stable against oxidation and belong to non-
toxic category. The properties of magnetic nanoparticles depend upon
their chemical structure and their methods of preparation. Some nano
magnetic materials have the specialty that they change their dimen-
sions when magnetic field is applied. Magnetic nanoparticles are single

domain having large magnetic moment. Due to high chemical stability,
ferrite materials have many more interesting properties like optical,
electrical, chemical and magnetic properties [3]. Spinel ferrites have
the general formula M2+(Fe3+)2O4 (M2+ = Ni2+,Co2+,Cu2+, Mn2+),
where M2+ and Fe3+ ions can occupy either tetrahedral (A-) or octa-
hedral (B-) sites and oxygen has a face centered cubic (fcc) close
packing arrangement. In these materials, 8A sites and 16B sites are
occupied by metallic ions [4–8]. The Fe is equally distributed in both
octahedral and tetrahedral sites. Therefore, magnetic moment of Fe get
cancel out each other, hence magnetization is due to cobalt only. De-
pending on cations distribution on A and B sites, it shows ferrimagnetic,
antiferromagnetic, spin (cluster) and paramagnetic behavior. The
properties of ferrite nanoparticles also depend upon their composition,
microstructure, dopants and various preparation methods [9].

Cobalt ferrite is an important material among all the ferrites, be-
cause it has some special properties. It is a hard-magnetic material
having high coercivity, moderate magnetization, high mechanical
hardness and high chemical stability at nanoscale size of material.
Because of its high coercivity and stability, the sensors and actuators
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made by cobalt ferrite are more durable and of high use. Therefore, it is
also used in high density storage, transformer core, high quality filters
and phase shifters [10]. The CoFe2O4 has an inverse spinel structure
with Co2+ions mainly placed on B sites and Fe3+ ions distributed, al-
most equally between A and B sites [11]. The doping of diamagnetic ion
Zn and Cd in CoFe2O4 brings about interesting change in the magnetic
properties of cobalt ferrite. As, cobalt ferrite is ferrimagnetic below
790 K, means magnetic interactions in this ferrite are very strong.
However, when Co2+ is replaced by Zn2+ in Co1-xZnxFe2O4, then Zn2+

occupies the tetrahedral site and Fe3+ ions are displaced to the octa-
hedral sites. Thus, by increasing concentration of x, the FeA-O-FeB in-
teractions become weak and Tn is expected to decrease. ZnFe2O4 is a
normal spinel, it is antiferromagnetic due to FeB − FeB interactions
only. However, Tn of ZnFe2O4 is very small, 9 K [12]. In this article, we
have reported the properties of cobalt ferrite (CoFe2O4), cobalt zinc
ferrite (CoZnFe2O4) and cobalt cadmium ferrite (CoCdFe2O4) synthe-
sized by auto-combustion method. Cobalt zinc ferrite is one of the
promising soft ferrite used in electronic devices such as transformer
core, electric motors and generators, because Zn has high resistivity,
low losses, high mechanical hardness, high Curie temperature and good
chemical stability [13–15]. In fact, Co-Zn mixed ferrites have been se-
lected under this research due to their high sensitivity of magnetization
needed for above mentioned applications. Further, one more material
like doping of cadmium ion into the spinel lattice (CoCdFe2O4) has
prominent effect on the magnetic properties such as spin canting effect
and hence many researchers have conducted investigations on these
ferrites [16–18].

2. Materials and methods

2.1. Synthesis of Co1-xZnxFe2O4 and Co1-xCdxFe2O4Ferrites

Among various methods of synthesis, the auto combustion method
is versatile as it is comparatively a time saving, low cost and simple easy
procedure method [19]. It gives pure, ultrafine, nanoparticles of var-
ious shapes and relatively strain free nanoparticles in powder form of
material. This method does not produce any type of waste product.
Sol–gel auto-combustion synthesis is also known as auto-ignition or
self-propagation method for the preparation of spinel type ferrite na-
nomaterials [20]. Nitrates have been chosen as metal precursor because
of their high water solubility and easy combustion by combining the
metal nitrate with suitable fuel. Citric acid provides fuel for ignition
oxidized by nitrates [21]. Ammonium nitrate is used in combustion
reactions to act as an extra oxidant without change in the proportion of
other participants under the chemical reaction. Addition of this extra
oxidant produced an increase in the combustion gas and thereby effect
to expand the micro structures and eventually increase in the surface
area of nanoparticles in final powder form product.

→ + +2NH NO (s) 2N (g) 4H O O (g)4 3 2 2 2

Nanoparticles of cobalt ferrite were prepared in this research work
and general formula of these materials is written as Co1-xZnxCdxFe2O4,

(x= 0, 0.1). Raw materials that have been used in this method are
Cobalt nitrate Co(NO3)2·6H2O [98%], Ferric nitrate Fe(NO3)3·9H2O
[98%], Zinc nitrate Zn(NO3)2·6H2O [98%] and Cadmium nitrate Cd
(NO3)2·4H2O [99%]. A stoichiometric ratio of Cobalt nitrate and Ferric
nitrate of AR grade were mixed in 50ml distilled water. Molar ratio of
Cobalt nitrate and Ferric nitrate was taken as 1:3. The citric acid (C)
was added as a fuel in the metal nitrate (N) in the ratio (C: N) as 1:8
under vigorous stirring conditions. The ferrite samples were success-
fully prepared by doping of Zn2+ and Cd2+ having different molar
ratios (Co1-xZnxFe2O4, x= 0.0, 0.1), Co1-xCdxFe2O4 (x= 0, 0.1) to
CoFe2O4. The amount 1.189 gm of Zinc nitrate has been added to the
metal nitrate solution and 1.22gm of cadmium nitrate was added to the
metal nitrate solution. To adjust the pH value equal to 7, the
Ammonium hydroxide equal to 20ml was also added drop by drop.

After that, the solution was heated at 90 °C for 3–4 h on the magnetic
stirrer. Water present in the solution then slowly started to decrease by
evaporation. During evaporation process solution becomes viscous and
consequently gel was started to form, as shown in Fig. 1. Then, by in-
creasing the temperature up to 250 °C, gel was ignited. This was the
actual noted temperature inside the solution by using a separate ther-
mometer, however automatic temperature by the magnetic stirrer has
been shown at 300 °C. It has been observed that entire heat has not been
transferred from stirrer plate to the solution, in this method. In fact, at
250 °C the combustion process started very rapidly in a violent manner
until the entire gel gets burnt out completely. After that the remaining
iron oxide black-brownish color material was grinded to prepare ash
and then TGA/DTA has been tested only for CoFe2O4 sample upto
1000 °C to estimate thermal stability. Finally, ash was processed for
calcinations at 1000 °C for all these three samples. Hence, as the end
product samples of CoFe2O4, Co0.9Zn0.1Fe2O4 and Co0.9Cd0.1Fe2O4 were
prepared successfully for various characterizations.

2.2. Characterization techniques

The structural characterization of prepared samples of pure cobalt
ferrite, zinc doped cobalt ferrite and cadmium doped cobalt ferrite was
performed by recording the X-ray diffraction (XRD). The powder form
samples were characterized by using Panalytical Xpert-Pro X-ray dif-
fractometer with Cu-Kα (λ = 1.5406A°) radiation at 45KV and 40mA
in the range 15ο>2θ>80ο.The average crystallite size of nano-
particles of all the ferrite samples Co1-xZnxFe2O4 (x=0.0, 0.1) was
calculated from the Debye-Scherrer’s formula. Further, the functional
groups were also analyzed by using FTIR spectrometer from 4000 to
400 cm−1, Thermofischer (USA). The particle size of ferrite nano
powders were obtained by Transmission electron microscope
(HITACHI-H-7650(JAPAN). Furthermore, the magnetic properties of
the ferrite particles have been recorded by using Vibrating Sample
Magnetometer (VSM, PAR 155) having Magnetic field −10 to+10
kOe. In addition to that change in mass of the sample as a function of
temperature and decomposition of precursors were also investigated by
TGA-DTG curves in the temperature range 25–1000 °C (FRS1 R-Type).

Fig. 1. Schematic representation of auto-combustion method.
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3. Results and discussion

3.1. DTA-TGA analysis

For thermal characterization of sample (CoFe2O4), the curves of
DTA-TGA were recorded as shown in the Fig. 2. The start material for
TGA/DTA analysis was taken iron oxide black-brownish color material
of CoFe2O4..The DTA-TGA curves indicate that degradation of dried
ferrite nano powder shows some weight loss. The DTA curve explains
about the heat required to increase the temperature of the sample and
found a negative small value of heat flow approximately between
850 °C to 1000 °C. However, initially the TGA curve indicates weight
loss and its analysis confirms about thermal decomposition of the cobalt
ferrite nanomaterial under investigation. Thermal decomposition oc-
curred in two steps: (i) first step initially nearly up to 580.0 °C there was
high weight loss due to removal of hydroxyl group, moisture, carbon
etc. and (ii) the second step, weight loss has been observed almost
negligible up to 1000 °C from analysis of the TGA plot. Hence, nearly
from 600 °C to 1000 °C there is almost insignificant weight loss by the
critical analysis of highly resolved y-axis of the TGA curve. The TGA
result confirms that thermal decomposition has completed and in the
end, we get thermally stable ferrite powder at 1000 °C [22,23].

3.2. XRD analysis

Fig. 3 shows the XRD patterns of cobalt ferrite nano powder and its
doped samples by Zn2+ and Cd2+ions which were annealed at 1000 °C.
In all these XRD figures, we get (1 1 1), (2 2 0), (3 1 1), (4 0 0), (4 2 2),
(5 1 1), (4 4 0) as the prominent peaks and the peak indicated by (3 1 1)
has appeared as the most intense prominent peak. Peaks (2 2 2) and
(5 3 3) are also appearing in the plots as indicated in the figure for
Co0.9Zn0.1Fe2O4. Moreover from the Fig. 3, the diffraction intensity of
almost all the respective peaks has increased in the XRD patterns of Zn
and Cd ion doped cobalt ferrites as compared to the peaks obtained for
cobalt ferrite sample.

The peaks (4 2 2), (5 1 1) and (4 4 0) indicate face lattice cubic
spinel structure with Fd3m space group and formation of single phase
in all the three samples [24]. All these peaks indicate solubility of ca-
tions in their respective lattice sites. All this reported data of our work

agrees well with the powder diffraction file of JCPDS 22-1086. At
1000 °C narrower and sharp peaks have been observed that indicate the
presence of Co0.9Zn0.1Fe2O4. There has not been found any trace of
extra crystalline phase formation in all these XRD patterns. Particle size
is calculated corresponding to the most intense peak (3 1 1) by Debye-
Scherrer formula [25].

=
λ

β θ
D 0.9

cos (1)

where, λ = 0.154 nm. The parameters D and θ are taken as particle size
and Bragg’s angle respectively. Here β is the full width at half maxima
(FWHM) of XRD peaks.

The lattice constant (a) is calculated by:

= + +1/d (h k l )/a2 2 2 2 2 (2)

where d is the interplaner spacing and h, k and l are Miller indices. The
calculated value of lattice constant and crystallite size of the prepared
samples are given in the Table 1. Values of lattice constant varies from
8.37(Å) to 8.40 (Å). Lattice constant increases which indicates about
the strong presence of Zn2+and Cd2+ion in our prepared doped

                   Temperature (0C) 

Fig. 2. DTA and TGA curves of cobalt ferrite (CoFe2O4).

Fig. 3. XRD pattern of ferrite samples.

Table 1
Lattice constant, crystallite size and microstrain of CoFe2O4 and Zn, Cd doped
cobalt ferrite samples.

Sample Lattice constant, a
(Å)

DD-S (nm) DW-H

(nm)
DTEM

(nm)
Strainε

CoFe2O4 8.37 40.15 46.20 32.57 0.0008
Co0.9Zn0.1Fe2O4 8.39 50.05 53.30 49.81 0.0003
Co0.9Cd0.1Fe2O4 8.40 57.78 47.79 58.83 -0.0003
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samples. Increase in lattice parameter is due to the reason that ionic
radii of Zn2+ (0.74 A˚) and Cd2+ (0.95 A˚) are larger than the radius of
Co2+(0.70 A˚) [26]. The Williamson-Hall (W-H) relation is given by

= +β θ Kλ
D

εSinθcos 4 (3)

where, K=0.9 for uniform small size crystals, λis wavelength of X-ray
used, θ is the Bragg’s angle, ∊ is strain distribution and D is average
crystallite size. For the case of small strain values ε=0, then W-H re-
lation is reduced to Debye-Scherrer formula. The W-H method is rela-
tively better as compared to the Debye-Scherrer method as it explains
about the strain values in the prepared samples.

From the W-H method, crystallite size and strain values have been
determined from the intercept on y-axis and slope of the line as shown
in the Figs. 4–6 respectively, which are given in the Table 1. The
crystallite size has been found to be lying in the range from 46.20 nm to
53.30 nm and strain values are obtained from -0.0003 to 0.0008. As it
has been noticed from the Table 1 that strain is decreasing gradually,
therefore effect of strain on XRD peak is very-very small. By the doping
of cadmium in cobalt ferrite, the crystallite size decreases than for Zn2+

doped ferrite because of compressive strain, as we get negative slope in
the case of cadmium ion doping. However, we get positive value of
slope in the case of zinc ion doping of cobalt ferrite. The positive value

of slope indicates tensile strain while negative value of slope indicates a
compressive type strain. In fact, compressive strain may be believed due
to the reason that ionic radii of cadmium ion are larger than zinc ion
[27]. Hence, it is may be mentioned from the analysis of results given in
Table 2 for particle size by three methods which indicate about the
formation of ferrite nano materials and doping of cobalt ferrites.

3.3. FTIR analysis

The Fourier transform infrared spectroscopy (FTIR) plots of all the
prepared samples were recorded in the wave number range 4000 cm−1-
–400 cm−1 as shown in Fig. 7. The FTIR spectroscopy explains about
the distribution of cations between the octahedral and tetrahedral sites
of cobalt ferrite. In these spectra, bands are existed due to interatomic
vibrations. Spectra in the range 400 cm−1-600 cm−1 confirmed about
the spinel structure of cobalt ferrite and its doped samples by Zn2+ and
Cd2+ ions.

In all these figures of FTIR spectra, it can be noticed that some
absorption peaks in finger print region (400 cm−1-–600 cm−1) existed
,which indicate about the M-O stretching that confirms the presence of
ferrites in all the prepared samples and indicate spinel structure. Peaks
near about 579 cm-1in all samples indicate high frequency band that is
due to stretching vibrations of the tetrahedral groups. Lower frequency
band obtained near about at 415 cm−1 that is due to the stretching
mode of the octahedral M-O groups in the ferrites [28–30]. The band
around 1052 cm−1 explains stretching vibration of C–O [31]. One peak
at 1365.1 cm−1 indicates the presence of O-H group [32]. The samples
have band near around 3450 cm−1 and 1630 cm−1 respectively show
the presence of O-H group as well as some impurities on the surface of
ferrite nanoparticles and indicate the existence of O-H group [33–34].

3.4. TEM analysis

Transmission electron microscopy (TEM) images of ferrite samples
of CoFe2O4, Co0.9Zn0.1Fe2O4 and Co0.9Cd0.1Fe2O4 are shown in
Fig. 8(a–c) respectively. Analysis of the images show high agglomera-
tion of the particles, which may be believed due to nano size effect,
magnetic interaction between magnetic nature of nanoparticles and

Fig. 4. Plot of βcosθ vs 4sinθ of CoFe2O4 nanoparticles.

Fig. 5. Plot of βcos θ vs 4sin θ of Co0.9Zn0.1Fe2O4 nanoparticles.

Fig. 6. Plot of βcos θ vs 4sin θ of Co0.9Cd0.1Fe2O4 nanoparticles.

Table 2
Magnetic properties of CoFe2O4 and Zn, Cd doped CoFe2O4 nanoparticles.

Sample Ms (emu/g) MR (emu/g) Hc (Oe) Squareness ratio MR/MS

CoFe2O4 72.13 33.74 1408.93 0.46
CoZnFe2O4 80.84 18.41 263.45 0.227
CoCdFe2O4 81.60 29.16 620.84 0.357
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high annealing temperature [35]. Due to high temperature, it is not
possible to avoid agglomeration of particles. From the TEM images, it
seems like that particles are spherical in shape with crystalline nature.
The size of particles was also calculated by the software- Image J. The
obtained particle size lies in the range 32.57 nm to 58 nm approxi-
mately of cobalt ferrite and its zinc and cadmium doped samples.
Particle size of cobalt ferrite nano powder is found approximately
32.51 nm. But with zinc doping particle size increased to 49.81 nm.
This could be due to Zn2+ ion having zero magnetic moment which has
replaced cobalt ion towards the tetrahedral A–sites. Particle size also
increases with Cd2+ doping as Cd2+ ion has similar behavior like Zn2+

ion. With cadmium doping particle size increased more from 32.57 nm
to 58.83 nm and it is an interesting fact that approximately same range
of particle size is obtained for all the prepared samples by XRD method
as given in the Table 1 for comparison. Moreover, particles are ap-
pearing roughly like irregularly distributed but may be mentioned to
have spherical in shape from all the three images.

3.5. VSM analysis

Magnetic properties of the synthesized samples were analyzed by
vibrating sample magnetometer (VSM) at room temperature with a
maximum applied field of ± 10000Oe. The Figs. 9 to 11 shows the
hysteresis loops of cobalt ferrite CoFe2O4, Co0.9Zn0.1Fe2O4and
Co0.9Cd0.1Fe2O4 which reveals ferromagnetic behavior of all the sam-
ples annealed at 1000 °C. On the basis of the analysis of all these hys-
teresis loops, it may be mentioned that the ferromagnetic behavior has
been modified by the doping of non magnetic ions of Zn and Cd to
substitute magnetic cobalt ions in our samples. The magnetic para-
meters of prepared samples like coercivity (Hc), remanence magneti-
zation (MR) and squareness ratio (MR/MS) have been found to decrease
with doping of Zn and Cd ions, as given in the table 2.While saturation
magnetization (Ms) is obtained high with doping of Zn and Cd ions in
cobalt ferrite which is in fact needed a high value for high-frequency
inductors in magnetic materials [36].

By analysis of hysteresis loop from Fig. 9, it is observed that cobalt
ferrite has broader loop as compared to other plots in the Figs. 10, 11.
However, cobalt ferrite doped with zinc ion has narrower loop as like a
soft ferrite. From the Table 2, saturation magnetization values of

Fig. 7. FTIR spectra for CoFe2O4 and its doped samples.

Fig. 8. TEM image of CoFe2O4. TEM image of CoZnFe2O4. TEM image of
CoCdFe2O4 nanoparticles.

Fig. 8. (continued)
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prepared samples ranges between 72.13 emu/g to 81.60 emu/g. Fur-
ther, the saturation magnetization (Ms) for cobalt ferrite is observed
72.13 emu/g, which is in good agreement with earlier reported values
[37]. Furthermore, MS values increase with the doping of Zn2+ and
Cd2+, because Zn2+and Cd2+ occupies A-site. The dopants has dis-
placed Fe3+ towards B-site which increases magnetization, now mag-
netic moment of A-site decreases because increase in non-magnetic
Zn2+ ion in the A-site. Hence, concentration of Fe2+ ions increases in B-
site. Therefore A-B interaction between magnetic ions decreases, which
further increases the total magnetization values Ms. An almost similar
behavior has also been shown by Cd2+ doping in the cobalt ferrite.
Increase in the value of Ms by Zn2+and Cd2+doping is found in good
agreement with the previously reported values by other researchers
[38]. The values of coercivity (Hc) found in the range 329.3 Oe to
1408.9 Oe. The Hc value is determined lower 263.4 Oe in the case of
cobalt zinc ferrite that is due to the anisotropic nature of spinel cobalt
zinc ferrites and due to non- magnetic moments of Zn2+ ions [39–41].
The value of saturation magnetization in case of cobalt cadmium ferrite
has been found to increase from 72.13 emu/g to 81.60 emu/g with the

increase in the temperature due to the gradual increase in crystallinity
and particle size [42]. Remanence (MR) values lies between 18.41 emu/
g to 33.74 emu/g, but MR value is found very less in case of zinc doping
hence we obtained soft ferrite sample of Co0.9Zn0.1Fe2O4 that may be
due to the reason that zinc is non- magnetic in nature.

4. Conclusions

The ferrite samples of CoFe2O4, Co0.9Zn0.1Fe2O4 and
Co0.9Cd0.1Fe2O4 nanoparticles have been prepared by auto combustion
method successfully. Occurrence of thermal decomposition was con-
firmed by the fast weight loss nearly up to 580.0 °C due to removal of
hydroxyl group and after that weight loss has been observed almost
negligible up to 1000 °C from the analysis of the TGA plot. From XRD
investigations, it is confirmed that all the samples are single phase cubic
structure having Fd3m space group of cobalt ferrite samples. The FTIR
spectra confirmed the presence of M-O bond that also shows the pre-
sence of ferrite in the prepared samples. The crystallite size has been
found to be lying in the range from 46.20 nm to 53.30 nm and strain
values are obtained from -0.0003 to 0.0008 with the help of W-H
method using XRD data. The average crystallite size and lattice para-
meters of the samples have been found to be larger in the case of Zn and

Fig. 8. (continued)

Fig. 9. Magnetic Hysteresis loops of CoFe2O4.

Fig. 10. Magnetic hysteresis loops of Co0.9Zn0.1Fe2O4.

Fig. 11. Magnetic hysteresis loops of Co0.9Cd0.1Fe2O4.
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Cd ion doping in cobalt ferrite, that may be understood due to larger
ionic radii of Zn2+ and Cd2+ as compared to Co2+. The crystallite size
in nano range of our prepared samples calculated by Debye - Scherrer
formula, Williamson-Hall plot and TEM analysis have been found to be
in good agreement with each other. Hence, it is concluded from analysis
of results of particle size which indicate about the formation of nano
materials and doping of cobalt ferrites. Further, TEM analysis reported
spherical shape of ferrite nanoparticles along with the presence of high
agglomeration due to magnetic interactions between ferrites particles
in our prepared samples. Furthermore, hysteresis loop by VSM analysis
confirmed about the ferromagnetic nature along with tuning of mag-
netic parameters by doping with Zn2+ and Cd2+ of our prepared cobalt
ferrite samples. The values of coercivity (Hc) have been obtained from
263.45 Oe to 1408.93 Oe. The Hc value is determined lower 263.4 Oe in
the case of cobalt zinc ferrite that is due to the anisotropic nature of
spinel cobalt zinc ferrites and due to non- magnetic moments of Zn2+

ions. From the results of all characterization techniques in this paper, it
is concluded that magnetic properties of cobalt ferrite nanomaterial can
be suitably modified by doping with Zn2+ and Cd2 ions as a promising
material for various technologies useful in many fields like medical,
information and communication etc.
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A B S T R A C T   

In this paper, we investigate effects of Ce-doping on the structural, electrical and magnetic properties of Fe2- 

2xCe2xO3 samples synthesized by sol–gel method by varying the composition as (x = 0.00, 0.02, 0.05, 0.08, 0.10). 
The recorded XRD pattern of synthesized powder samples indicates the formation of hematite phase up to the 
dopant concentration x = 0.05, thereafter a further increase in doping concentration leads to the existence of 
secondary phase of cerium oxide (CeO2) along with the pure phase of hematite. Moreover, XRD results are well 
supported by FTIR and Raman spectroscopy observations. Variation in grain size as well as the grain growth as 
revealed from FE-SEM micrographs may be possibly due to Ce ions having different ionic radii than that of the 
host Fe3+. DC electrical resistivity variation with temperature in the range 150–400 K, reveals the enhancement 
in electrical conductivity due to the increase of Ce-doping content. Magnetic hysteresis measurements carried out 
at room temperature (300 K) with a maximum applied field of ±10000Oe reveal that the magnetic parameters i. 
e. remnant magnetization (MR) and coercivity (HC) of Ce2xFe2-2xO3 increase up to the doping concentration of x 
= 0.02, thereafter a significant random variation is observed.   

1. Introduction 

The study of iron nanoparticles has become an interesting topic of 
research due to their potential applications in various fields of tech-
nology such as memory devices, target drug delivery, magnetic imaging 
and sensors [1–5]. Iron oxides are considered to be extremely useful 
possessing more stability, being eco-friendly and owing to their low cost. 
Among the various iron oxides, nanoparticles of Fe2O3 are of great in-
terest due to their large variety of applications in the area of adsorbents, 
catalysis and in storage devices. Fe2O3 generally exists in four crystalline 
phases, α-Fe2O3, β-Fe2O3, γ-Fe2O3 and ε-Fe2O3. Out of these four, he-
matite(α-Fe2O3) is the most stable iron oxide that can exhibit interesting 
chemical, electrical and magnetic properties [6–9] and can also act as 
one of the raw materials for the iron and steel industry. Furthermore, 
hematite is environmental-friendly, has a high resistance to corrosion 
and is also non-toxic nature which makes it a viable material for ap-
plications in variety of fields such as storage devices, in bio-applications, 
catalysis and in magnetic fluids [10–13]. Hematite generally exists in a 
hexagonal structure with the space group R-3c. Substitutional effect in 
α-Fe2O3 at Fe-site influences the electrical, magnetic and other physical 
properties. In this direction, a large number of reports are available on 

the doping of transition metals in hematite and another materials 
[14–22]. However the reports on rare-earth metal-doping are not 
exhaustive. Furthermore, it has been found that due to a large magnetic 
moment, the structural, electrical and magnetic properties have strongly 
been affected with incorporations of lanthanide (Ln+3) ions [23–27]. 
Ruqiya et al. [28] reported that there is an increase in saturation mag-
netisation and decrease in coercivity along with simultaneous decrease 
in particle size with doping of Ho+3 ions in the α-Fe2O3 lattice at room 
temperature. Freyria et al. [29] reported that ferromagnetism has 
enhanced with incorporation of Europium (Eu3+). Goyal et al. [30] re-
ported the modification in magnetism with Neodymium (Nd) doping in 
α Fe2O3 and correlated the same with reduction in particle size. Wan et 
al [31] also reported the enhancement in magnetic properties with the 
incorporation of Gd+3 ions in α-Fe2O3. For the α-Fe2O3, numerous 
dopants have been employed to tune the catalytic performance for OER 
(Oxygen evolution reaction), including Si [32–36], Sn [37–41], Pt 
[42,43], Nb [44,45], Ni [46], Ti [47–49], Al [47], Zn [44], Cr [50,51], 
Mo [51], and some have been proved to be effective. For instance, single 
Ti or Sn, and Be/Al co-dopants can increase the photocurrent response of 
Fe2O3 effectively [9]. A defect model was derived to explain this phe-
nomenon. In addition, a temperature independent value for the electron 
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mobility of 0.01 cm2 V− 1 s− 1 for a donor density of 4.0 × 1020 cm− 3 (1% 
Ti) was derived. Indium substitution in hematite also caused a decrease 
in the crystallite size, an increase in the particle size, a shift in the po-
sition of bands in infrared spectra, a decrease in the relative intensity of 
absorption bands in UV–Vis, NIR spectra and a disappearance of the 
Morin transition. Maximum substitution was estimated at about 8 mol%. 
Several chemical and physical methods such as spray pyrolysis, sol–gel, 
co-precipitation, combustion technique, high energy milling etc. have 
been used for the fabrication of stoichiometric and chemically pure nano 
ferrite materials. 

However out of these, sol–gel technique is quite robust for the 
preparation of hematite nanoparticles because stoichiometry of the 
precursors is precisely maintained and all sorts of impurities and con-
taminations can be avoided rather efficiently. This versatile method 
producing high yields of α-Fe2O3 nanoparticles useful at the industrial 
level and more hands-on in terms of size and morphology control. 
Although it takes a long processing time. By adopting this synthesis 
method, we have already reported, annealing effect on the structural 
and dielectric properties of undoped hematite nanoparticles [52]. 
Furthermore, it will be interesting to know and understand the role 
played by Ce-doping in hematite for various useful properties [53–55]. 
Structural, electrical and magnetic properties of Cerium doped hematite 
have not been reported together for these samples yet, to the best of our 
knowledge. Ce substitution in the octahedral Fe (1, 2) site of Fe2O3 has 
marked effects on the structural parameters that may strongly enhance 
electrical properties [56–62]. The magnetic and structural properties of 
hematite are also affected by particle size [61,63], degree of crystallinity 
[59], doping [56–60], hence provides new insights and opportunities for 
technological applications. Because of its low cost, high resistance to 
corrosion and environment friendly properties, α-Fe2O3 nanoparticles 
have been prepared. As, there is a significant effect of the synthesis 
method on the properties like structural, microstructural, magnetic and 
electrical of the hematite (α-Fe2O3) nanoparticles. Among the various 
approaches, doping strategy, typically through incorporating of atoms 
into the lattice, has been regarded to be an effective approach to 
improve the photocatalytic activity of metal oxides. Substitutional 
dopants can affect the electronic properties by increasing the charge 
carrier density and thus the electrical conductivity. Successful modifi-
cation of the opto-electronic properties of the hematite are affected by 
the preparation conditions, chemical composition, temperature and the 
method of preparation. Among the available chemical methods, the 
sol–gel technique is an excellent method to synthesize rare earth 
substituted oxide nanoparticles with maximum purity. As per authors’ 
knowledge, electrical behaviour of cerium doped α-Fe2O3 nanoparticles 
has not yet been understood in correlation with structural, microstruc-
tural and morphology at ours selected concentrations. Our new findings 
by deep insights on electrical conductivity at 5% doping of Ce in α 
-Fe2O3 indicates potentiality in solar cell, sensors, bio-medical and 
related technology. In this paper we investigate the doping effect of Ce in 
hematite with varying concentration and also discuss improvement in 
the DC electrical conductivity versus temperature, enhancement of 
coercivity and modification in remanence magnetization. 

2. Experimental details 

2.1. Synthesis 

Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) samples were syn-
thesized by sol–gel method. Iron nitrate Fe(NO3)3⋅9H2O and cerium 
nitrate Ce(NO3)3⋅6H2O precursors taken in stoichiometric ratio were 
dissolved in deionised water. After that, the prepared sol was put on 
heater with rigorous stirring at 80 ◦C till it got converted into gel and 
then the obtained gel was transformed to a solid form by heating at 120 
◦C for 2 h. This solid form was heated at 200 ◦C for 3 h to remove any 
moist phase that might otherwise have led to fundamental changes in 
the structure. Now, in order to attain the homogeneity of mixture the 

powdered form of samples was mixed and ground thoroughly in an 
Agatemortar and pestle. After grinding, the powdered samples were 
pelletized in a hydraulic press using a die of 10 mm diameter and 
applying a pressure of 5 tonne. The obtained pellets were finally sintered 
in air at 600 ◦C for 6 hours to obtain dense samples. 

2.2. Characterizations 

The prepared samples (pellets) were characterized for various 
properties such as X-Ray Diffraction (XRD), Raman spectroscopy, FTIR, 
FE-SEM, temperature dependent resistivity (R-T) and magnetic mea-
surements. Crystal structure of the samples was determined, using a 
Bruker-AXSD8 advanced diffractometer with Cu Kα (λ = 1.540 Å) source 
in the range of 30◦ to 70◦. Raman measurement was carried out by using 
an In-via microscope (Renishaw) with Ar+ ion laser (λ = 514.5 nm) and 
50 mW of laser power [64]. Particle size and morphology of the hematite 
nanoparticles were obtained by field emission scanning electron mi-
croscope (FE-SEM). Variation of DC electrical resistivity with tempera-
ture in the range, 150 K to 400 K was measured using Keithley 
electrometer -6517B interfaced with the lab-view software. Further-
more, the magnetic properties of hematite samples were measured using 
a vibrating sample magnetometer (VSM), with a varying field of 
− 10KOe to +10 KOe. The hysteresis curves of hematite nanoparticles 
were obtained for different compositions (x = 0.00, 0.02, 0.05, 0.08, 
0.10) at room temperature. The saturation magnetisation (Msat), 
Remnant magnetisation (Mr) and Coercivity (Hc) of all these composi-
tions were determined and hence the influence of varying Ce-doping 
concentrations was investigated. 

3. Results and discussion 

3.1. XRD analysis 

The XRD patterns of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) 
nanoparticles are shown in Fig. 1 From these diffraction patterns, Fe2- 

2xCe2xO3 (x = 0.00) showing most intense peak at 33.15◦ corresponding 
to (104) plane indicates the pure hematite phase. The addition of Ce 
ions in the host lattice of α-Fe2O3 reduces the intensity of diffraction 
peaks that corresponds to the formation of nanocrystalline samples with 
reduced crystallinity [65,66]. 

The change in the peak intensity is related with the crystallite size 
(D) which has been estimated with the help of Debye-Scherer’s formula 

Fig. 1. X-ray diffraction patterns of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 
0.10) nanoparticles showing the decrease in intensity of diffraction peaks with 
Ce-doping. 
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[67]. 

D =
0.89λ
βcosθ

(1)  

where the parameters in equation (1), i.e. λ = 1.54 Å, β and θ are the 
wavelength, full width at half maximum (FWHM) [68] and Bragg angle 
of a particular diffraction peak [69] respectively. From the Table 1, the 
crystallite sizes for pure α-Fe2O3 nanoparticles are observed to be ~21.1 
nm. Further, it has been noticed that there is an enhancement in the 
FWHM of the diffraction peaks with the addition of Ce in host lattice of 
α-Fe2O3. The enhancement in FWHM corresponds to the reduction in 
crystallite size. The crystallite size reduces to 9.7 nm for 5% Ce-doped 
α-Fe2O3 nanoparticles. The observed decreasing trend for the mean 
crystallite size (calculated from the most intense peak in XRD pattern) 
with increasing Ce concentration is in well agreement with the earlier 
reported work [70]. The Ce ions successfully doped in the hematite may 
be available in +3 and +4 oxidation states reported by other workers 
[71]. XRD patterns of cerium-doped hematite clearly show shifting of 
the centre of the diffraction peaks slightly toward the lower angle on Ce 
doping in comparison to that of pure hematite. Moreover, the obtained 
reflections are sharp and high in intensity which reveals that the syn-
thesized samples are well crystalline. In addition, the lattice constants of 
Cerium doped hematite were found to be slightly larger than those to 
pure -refer to Table 1. This is consistent with the fact that the ionic radii 
of Ce3+ (1.03 Å) and Ce4+ (1.01 Å) are larger than Fe3+ (0.64 Å). The 
shifting of XRD lines with doping simply suggest that Ce ion was suc-
cessfully substituted into the hematite host structure at the Fe site. The 
substitution of Ce ions at Fe-site leads to an enhancement in both lattice 
parameter values (a and c) for upto 5% doping concentration; however, 
a random variation has also been observed at higher concentration 
values of Ce. This indicates that the Ce ions are incorporated in the host 
lattice of α-Fe 2O3up to 5% doping concentration and above it the sol-
ubility limit reaches. The Ce ion fits on the interstitial site of the Fe3+ up 
to 5% doping. Above this concentration, the Ce ions start accumulating 
over the surface instead of occupying substitution sites in the host lattice 
resulting in the formation of a secondary phase along with the primary 
α-Fe 2O3 phase. From the XRD patterns of Fig. 1, some additional peaks 
have also been noticed for 8% and 10% of Ce ion doping concentration 
that indicate the formation of secondary phase [72]. These additional 
peaks for 8% and 10% shift slightly towards left side that means towards 
lower Bragg angle which indicates some strain is produced due to 8% 
and 10% Ce doing in α-Fe2O3. This type of result directly corresponds to 
the insolubility of Ce ions within the α-Fe 2O3 crystal lattice [72]. The 
evidence of insolubility above 5% cerium concentration is in agreement 
with the already published research work [73]. As given in Table 1, both 
the crystallite-size and lattice-parameters possess non-uniform variation 
in their values that may be due to the formation of the secondary phase. 

3.2. FTIR analysis 

FTIR spectra of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) 
samples in the wave number range from 400 cm− 1 to 4000 cm− 1 are 

shown in Fig. 2. The bands appearing at 3440 cm− 1, 1632 cm− 1 and at 
2950 cm− 1, 2850 cm− 1 are the characteristic feature of O–H bending 
mode of hydroxyl group and asymmetric and symmetric-vibrations of 
-CH3 type groups respectively [74,75]. Bands appearing at 1040 cm− 1 

and 1382 cm− 1 are assigned to-CH2 and residual hydroxyl group C-OH 
respectively [76]. Two other bands at 457 cm− 1 and 539 cm− 1 referred 
as Eu and A2u are the characteristic modes of hematite nanoparticles 
[77]. The presence of a band at 539 cm− 1 may be related with over-
lapping of A2u and Eu vibrations in the parallel and perpendicular di-
rection to c-axis and can be attributed to stretching vibration of the Fe–O 
[6]. 

Furthermore, it is also noticed in the Fig. 2 that with incorporation of 
Ce into the pure hematite there is a decrease in the peak intensity of both 
Eu and A2u modes, resulting in reduction of crystallinity of the α-Fe2O3 
nanoparticles. However, some enhancement in the peak intensity was 
recorded for Fe2-2xCe2xO3 (x = 0.10) that may be due to segregation of 
ions at this high concentration (x = 0.10). Our observed results of FTIR 
spectroscopy are found in agreement with the Raman and XRD 
measurements. 

3.3. Raman spectroscopy 

Raman spectra of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) 
nanoparticles have been recorded in the range of 200 cm− 1 to 650 cm− 1 

as shown in Fig. 3. From group theory calculations the recorded Raman 
spectra showsA1gand Eg modes appearing at wave numbers 220cm− 1, 
490 cm− 1 and 284cm− 1, 402 cm− 1 & 607 cm− 1 respectively [77]. 
Generally, in the Raman spectra we noticed many broad shaped peaks 
due to reduced particle size in nanoscale region. Hematite belongs to 
D6

3d point group and there exist five Raman vibration active modes (two 
of A1g and three of Eg ones) which have also been reported in other 
studies [78]. 

From Fig. 3, by careful examination, it has been observed that Raman 
bands are shifted towards the lower wave-number side with incorpo-
ration of Ce ion concentration of up to 8% in the host lattice. This 
shifting may be related with the reduction in particle size that occurs due 
to incorporation of Ce ions in the host lattice. As the particle size de-
creases, the spectral lines become broader and shift towards lower wave 
number side which is a general characteristic of nanoparticles [79]. The 
highest value of Full Width at Half Maximum (FWHM) is noticed in A1g 
mode at about 220 cm− 1, due to movement of Fe+3 ions along c-axis. 
However, the peaks shifting towards higher wavenumber side have also 
been noticed in our results for Fe2-2xCe2xO3 (x = 0.10) nanoparticles. 
This type of reverse shifting trend in Raman spectra for x = 0.10, the 

Table 1 
Crystallite size, lattice parameters, resistivity and grain size values of Fe2-2x-

Ce2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) nanoparticles showing the variation 
arising due to Ce-doping.  

Doping 
Concentration 
(x) 

Crystallite 
Size (nm) 

Lattice 
Parameters 
(Å) (a-axis) 
(c-axis) 

Resistivity at 
100 K 
(×108Ωm) 

Grain 
Size 
(nm) 

x = 0.00  21.1  5.03  13.22  47.66  427.9 
x = 0.02  13.3  5.04  13.25  17.27  402.9 
x = 0.05  09.7  5.06  13.26  0.278  103.5 
x = 0.08  11.1  5.02  13.21  12.25  365.6 
x = 0.10  11.1  5.05  13.27  8.560  367.4  

Fig. 2. FTIR spectra of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10)nano-
particles, revealing various characteristic bands pertaining to different modes. 

V. Kumar et al.                                                                                                                                                                                                                                  



Materials Science & Engineering B 272 (2021) 115327

4

highest concentration, may be due to the segregation of Cerium ions as 
observed in our XRD measurements. 

3.4. FE-SEM analysis 

FE-SEM micrographs of pure and Ce-doped hematite samples i.e. Fe2- 

2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) are shown in Fig. 4. These 
images were taken with the FESEM instrument, model FEI Quanta 200 F 
SEM, by scanning the surface in raster scan mode which offers resolution 
in nanometres as well as yields a very low signal to noise ratio [80]. The 
morphology reveals the grains looking like irregular and flattened 
spheres having a size variation ranging from 30 to 260 nm in all the 
compositions. Grain size for all the sample compositions was calculated 
using IMAGE-J software [81]. The grain growth is observed as getting 

suppressed by the incorporation of Ce cations substituted for the Fe3+

cations, up to the composition with x = 0.05. Beyond this doping con-
centration, the grains again start to agglomerate and hence the grain 
growth is enhanced. The variation in grain size as well as grain growth is 
possibly due to the Ce ions having different ionic radii than the host Fe3+

ions [82]. High agglomeration and dispersibility of nanoparticles are 
observed in the undoped and Ce ion doped hematite samples respec-
tively, same findings reported by J. Ning et al. [71]. 

3.5. Resistivity measurements 

The variation of DC electrical resistivity with temperature (150 K to 
–400 K) for the prepared samples of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 
0.08, 0.10) are shown in Fig. 5. The observed behaviour of electrical 
resistivity with the increase of temperature is an exponential decay type, 
which has been found in the case of semiconducting materials. The 
Arrhenius relation [83], explains the variation of electrical resistivity 
with temperature, 

ρDC = Ce

(

Ea/kT

)

(2)  

where ρDC is DC electrical resistivity, C is exponential factor, Ea is the 
conduction activation energy, T is absolute temperature and k is the 
Boltzmann’s constant. Further the variation of electrical resistivity with 
temperature for Fe2-2xCe2xO3 (x = 0.05) is shown separately in the Fig. 5 
(b) and a similar behaviour can also be resolved separately for other 
concentrations. 

The electrical resistivities of Ce doped hematite samples at 150 K, 
with doping concentration, x = 0.00, x = 0.02, x = 0.05, x = 0.08 and x 
= 0.10 are found to be 47.66 × 108Ωcm, 17.27 × 108Ωcm, 0.278 ×
108Ωcm,12.25 × 108Ωcm and 8.56 × 108Ωcm respectively, however it 
attains a value of the order of 107Ωcm at 400K.It is important to note 
that a decrease in electrical resistivity is noticed up to 5% concentration 
of Ce and thereafter its random variation has been observed. The charge 
carrier concentration increases as the cerium doping concentration in-
creases, until it reaches a maximum value at 5% Ce doping and then 
decreases. However, initially as we increase the Ce concentration, 
mobility of charge carriers decreases and becomes minimum for 5% Ce 
doped α-Fe2O3. Further increase in doping concentration of Ce beyond 
solubility limit leads to increase in mobility of charge carriers with the 
reduction in density of charges, may be due to larger size grain boundary 
charge segregation as discussed for electrical conductivity of Al doped 
α-Fe2O3 [84]. At x = 0.05 Ce doping the electrical conductivity is highest 
which may be understood due to microstructural changes with 
comparatively smallest grain size observed in the FE-SEM of our samples 
shown in the Fig. 4. Hence in our results lowest value of electrical re-
sistivity at 5% Ce doping of hematite is related with the difference in 
morphology as compared to other Ce doping values, gives new insights 
on electrical conductivity may be beneficial in solar cell technology 
[53]. High resistivity value, below and above 5% Ce doping may be 
interpreted respectively due to lower charge carrier concentration and 
Ce ions starting accumulation over the surface rather than substituted at 
sites in the host lattice forming a secondary phase existing with the 
primary α -Fe2O3 phase [84]. Thus maximum Ce ions concentration, 
having lowest mobility were substituted in the host lattice sites at 5% Ce 
doping for our samples supported by XRD analysis. Mobility variation 
may be understood by dominant ion impurity scattering mechanism 
[85]. The two oxidation states Ce3+ and Ce4+ as reported by J. Ning et al. 
[71] are created as Ce substituted Fe then 3 out of 4 valence electrons 
were taken by the neighbouring O-atoms and only one electron left with 
Ce [86]. This extra one electron converts Fe3+ ion into Fe2+ by creating a 
donor level just below the Fermi level and hence enhances electron 
carriers leads to increase in electrical conductivity of α-Fe2O3 by Ce 
doping as per analysis done by M.V. Nikolic in the case of Ti doped 
α-Fe2O3 [86].Hence the electrical conductivity observations may be 

Fig. 3. Raman spectra of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) 
nanoparticles acquired at room temperature, showing the broadening of char-
acteristic peaks due to Ce-doping. 

Fig. 4. FE-SEM images of Fe2-2xCe2xO3(x = 0.00,0.02,0.05,0.08,0.10)nano-
particles, showing the variation in grain size due to Ce-doping. 
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believed to strengthen the two oxidation states of doped Ce in hematite 
as reported by XPS data [71]. 

3.6. Magnetic measurements 

Magnetic hysteresis measurements for Ce doped hematite α-Fe2- 

xCexO3 (x = 0.00, 0.02, 0.05, 0.08 and 0.10) samples annealed at 600 ◦C 
were carried out by a vibrating sample magnetometer (VSM) with a 
varying magnetic field ranging from − 10KOe to +10 KOe at room 
temperature (300 K). By the analysis of hysteresis loops from Fig. 6, it is 
observed that Ce doped hematite α-Fe2-xCexO3 (x = 0.00, 0.02, 0.05, 
0.08 and 0.10) exhibit hysteretic features with coercivity values deter-
mined as2318.6Oe, 2885.4Oe, 2582.2Oe, 2774.3Oe and 3379.8Oe 
respectively. 

Coercivity is an extrinsic property of matter, depending on the spin 
carrier as well as shape and size of the domains inside a magnetic ma-
terial [87,88].The pure α-Fe2-xCexO3 (x = 0.00) shows weak ferromag-
netic behaviour with the remnant magnetization (MR) 0.128 emu/g and 
coercivity (HC) 2318.6 Oe due to non-availability of magnetic moment 
of Ce ions in the host lattice. By increasing the Ce ions doping concen-
tration (x) in the α-Fe2-xCexO3, the coercivity and remanence increased 
showing ferromagnetic nature up to a limited concentration until the 

solubility limit is reached, after that a random variation is observed. 
Results of some important magnetic parameters are summarized in 

the Table 2, as can be seen for high concentration of Ce doping in the 
hematite leads to high value of coercivity (HC), 3379.8Oe that depicts 
ferromagnetic nature. The high value of coercivity (HC) is due to the 
high magnetic moment of Ce ions incorporated as dopants in the he-
matite material. 

4. Conclusions 

Ce-doped hematite samples (nanoparticles) of different compositions 
i.e. Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) were prepared suc-
cessfully by sol–gel method. Analysis of XRD and Raman measurements 
confirm the hematite phase up to 5% doping concentration of Ce and by 
the further increase of Ce doping (x = 0.08 and x = 0.10) in the host 
lattice, secondary phase starts arising due to solubility limit attained at 
5% Ce-doping. The conditions of solubility limit of Ce with different 
compositions were analysed with the help of XRD and Raman spec-
troscopy results. The structural parameter such as crystallite size was 
found to decrease with Ce doping upto 5% due to larger ionic radii of Ce 
as compared to Fe. From FE-SEM, variation in grain size as well as the 
grain growth may be attributed to difference in ionic radii of dopant Ce 
ions than the host Fe ions. It has also been observed that there is a 
decrease in electrical resistivity up to 5% concentration of Ce and after 
that random variations were observed. Our results reveal an enhance-
ment in DC electrical conductivity, coercivity, and remanence of Ce- 
doped hematite samples than the pure hematite sample, which can be 
attributed to their enhanced shape and magnetic-crystalline anisotropy. 
It is concluded that the modifications of electric and magnetic param-
eters by Ce doping are in full agreement with the variation of XRD, FE- 
SEM, FTIR and Raman spectroscopy results and these modifications are 
suitable for various technological applications. 

Fig. 5. (a) Resistivity versus Temperature curves of Fe2-2xCe2xO3(x = 0.00, 0.02, 0.05, 0.08, 0.10) nanoparticles for different doping concentrations of Ce. (b) 
Resolved curve for Resistivity versus Temperature of Fe2-2xCe2xO3 (x = 0.05) nanoparticles. 

Fig. 6. Magnetic hysteresis loops of Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 
0.10) nanoparticles. All doping concentrations show characteristic ferromag-
netic hysteresis loops. 

Table 2 
Magnetic parameters for Fe2-2xCe2xO3 (x = 0.00, 0.02, 0.05, 0.08, 0.10) obtained 
from VSM measurement carried at room temperature, showing the variation in 
parameters caused due to varying doping concentration of Ce.  

Composition 
(x) 

MS (emu/ 
g) 

MR (emu/ 
g) 

HC (Oe) Squareness Ratio (MR/ 
MS) 

x = 0.00  0.341  0.128  2318.6  0.375 
x = 0.02  0.471  0.201  2885.4  0.375 
x = 0.05  0.231  0.071  2582.2  0.309 
x = 0.08  0.228  0.062  2774.3  0.273 
x = 0.10  0.276  0.093  3379.8  0.337  
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Abstract 

India ranks 3rd in the global startup ecosystem and also in terms of the number of Unicorns. Several 

Indian companies which started their initial journey as humble Startups have now been able to make a 

significant mark in the global business fraternity. The Government of Haryana firmly believes that 

innovation is the backbone of the economy and for that purpose it has developed an inclusive Blueprint of 

the growth of the Startups in the State. Government of Haryana has been instrumental in providing 

institutional support to the startups. The present study discusses the initiatives taken and benefits provided 

by Government for the Startups in the Haryana. Moreover, this study also assesses the various challenges 

which are faced by Government in the setting up and promoting the startups. 

Introduction 

Haryana is the home land of various new age entrepreneurs and is birth place of the many successful 

business magnets and large industrial houses of India. Gurugram, the IT city of Haryana has evolved as a 

technology startup hub of India and has nurtured many successful startups, which now have become big 

brands. The Government of Haryana is determined to use the potential of young entrepreneurs by offering 

them the necessary vital policies and maximum convergence by linking the broader Government of India 

initiatives including Digital India, Make in India, Skill India and Startup India. 

With easy access to markets, an educated workforce along with excellent infrastructure, the State of 

Haryana has all the right ingredients to develop a strong ecosystem for both social betterment & sustained 

growth. At this point, when Government of India is brutally chasing the goal of creating an enterprising 
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India, it is very important for the State Governments to place startups at the core of policy making and 

launch a committed policy for foster growth of entrepreneurship. Historically an agrarian state, Haryana 

today is a well-developed industrial state. Out of 101 Unicorn Startups in India, 14 Unicorn Startups are 

based out in Haryana like Zomato, Urban Company, Policy bazaar, Delhivery, Cars24, Spinny, 

OfBusiness etc. 

Presently, 3910 Haryana based startups are recognized by the Department for Promotion of Industry and 

Internal Trade (DPIIT) under the ministry of Commerce and Industry, Government of India as of 15th 

June 2022. Through this policy, the state government aims to promote and nurture the vibrant startup 

ecosystem in Haryana. The state has taken a multitude of initiatives to prioritize startup businesses and 

position them on an equal platform as established companies, by easing public procurement. The objective 

of the present study is to discuss the distinct levels of initiatives taken by government at every stage of 

startups in Haryana. 

Definition of Startup 

An entity shall be considered as a Startup: 

a) Up to a period of ten years from the date of incorporation/registration, if it is incorporated as a 

private limited company or listed as partnership form or a limited liability partnership in India. 

b) Turnover of the entity for any of the financial years since incorporation/ registration has not 

exceeded Rs 100 crores. 

c) Entity is working towards innovation, development or improvement of products or processes or 

services. 

d) Provided that an entity formed by splitting up or reconstruction of an existing business shall not 

be considered a ‘Startup’. 

Initiatives taken by Government of Haryana for the startups 

The State Government on June 27, 2022 approved a new Haryana State Startup Policy, 2022 prepared 

by the Department of Information Technology, Electronics and Communications, Haryana. Through this 

policy, the state government aims to promote and nurture the vibrant startup ecosystem in Haryana. The 

following initiatives have been taken by the government to boost up the startups in Haryana: 

1. Infrastructure augmentation 

Infrastructure will be the key to the growth of the startups in the State. For this purpose, the Haryana 

Government aims to develop the world-class physical infrastructure in the state that provides an 

encouraging environment for ideas to originate, scale-up and see business fruition. 

1.1 Developing Infrastructure 

 The State Government has set up an innovation hub in Gurugram covering an area of 30,000 square feet 

comprising of Startup Warehouse, Mobile Application Centre, United Nation Technology & Innovation lab 

and IoT (Internet of Things) Centre to enhance the start-up ecosystem in Haryana. 

a. Start-up Warehouse in Gurugram: 

Haryana State Electronic Development Corporation Limited (HARTRON) introduced a start-up 
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warehouse on 10,000 Sq. ft. of land in Gurugram in association with NASSCOM in the year 2018. 

The Startup warehouse shall offer shared office space to startups and entrepreneurs. 

b. IoT Centre 

An IoT center has been setup in Gurugram collaboration with NASSCOM and ERNET in the year 

2018 with the aim to provide platform for Design, prototype to realizing product by harnessing 

creative capability of Academia, Industry, start-ups and entrepreneur. 

c. Entrepreneurs Centre 

New Entrepreneurs Centre would be developed in the state in addition to already established centre 

in Gurugram. The purpose of these centers would be to provide holistic infrastructure support to 

startups. These centers would be attracting the best startups and entrepreneur organization from 

across the world to various districts in the state. 

d. New Incubation Centers in Government Universities and other Institutions Financial 

assistance for creating incubation center at government universities and other government 

institutions up to the extent of Rs 50 Lakhs per incubator and Rs 20 Lakh for recurring expenditure 

for 5 years. 

Financial assistance up to Rs 10 Lakh per incubator for existing incubation center at government 

universities and other government institutions for upgrading the facilities. 

e. New Mobile Application Centre: 

Financial support of Rs 4 crore for capital expenditure to any Government Department for creating 

Mobile Apps Development Center in collaboration with Internet & Mobile Association of 

India/Central/State Government Universities and yearly support of Rs 1 crore for three years at 

Panchkula, Hisar and other locations in Block ‘C’ and ‘D’. 

f. Incubation Center 

The incubation centers would be created in every district in phased manner based on the resources 

which are available in that region. The Government will give space to the startup in their Incubation 

centre for one year in the first instance. The period may be extended to a maximum of 3 years. The 

Incubation centers would assist the following activities. 

1. Play and Plug Infrastructure 

2. Mentoring support in business plans, networking of business resources, and entrepreneurial 

development through Haryana Startup Ecosystem. 

3. Facilitate in project and product selection 

4. Credit facilitation such as seep capital assistance, marketing assistance, professional assistance. 

g) Incubation Network in Haryana 

a) State Owned Incubation Network 

The Government would develop its own incubation network by utilizing the existing 

infrastructure in the State. All the Government/Private incubators operating from Haryana 

have to mandatorily register with the Startup Haryana, DITECH. 

b) Accelerator 

The Government will establish at least one world class Accelerator by inviting Global 
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Accelerators to set up their program in State. 

2. Fiscal Support 

The State Government has proposed many incentives for Incubators, startups and other stakeholders. 

2.1 Incentives to Startups/Entrepreneurs 

a) Lease rental subsidy: 

Reimbursement of 30% of lease rental for general Startups and 45% for startups with only women 

founders, operating from incubators/IT parks/Industrial Clusters shall be eligible for a period of 1 

year subject to minimum of Rs 5 Lakh. 

b) Patent Cost 

Reimbursement of 100% of the actual expenses with a maximum of Rs 25 Lakh for domestic and 

international registration. 

c) Net SGST Reimbursement 

50% Net SGST Reimbursement for 7 years with a cap of 100 FCI. 

d) Assistance in Acceleration Program 

Support Startups up to Rs 2.5 Lakh to attend national acceleration programs and Rs 5 Lakh for 

international acceleration programs. 

3. Regulatory Easing 

3.1 Optimizing Regulatory Framework 

In its endeavor to create a encouraging environment for companies, the Government of Haryana shall 

be implementing some landmark reforms for regulatory simplification. All the regulatory clearances 

shall be approved under the Single Roof Clearance System of Haryana Enterprise Promotion Center 

in a time bound manner by implementing an online state startup portal. 

3.2. Preferential Procurement 

The Government shall encourage the participation of startups in the Government procurements by 

the exemption of Tender Fee, Earnest Money Deposit, and concession in security etc. 

3.3. CSR Fund Utilization for Development of Startup Ecosystem 

The CSR Funds of PSUs/Corporate will be utilized to strengthen the incubators & other 

infrastructure. 

4. Entrepreneurial Development 

The Government would work with universities, educational institutions and the industry to inculcate the 

habit of innovation and entrepreneurship in the minds of citizens. 

4.1. Academic Intervention 

A special training program will be designed organized by faculty development to be equipped with the 

know-how of startups in order to cultivate entrepreneurship intellect. 

4.2 Distribution of Technology Kit 

Distribution of microcontroller or microprocessor-based startup boxes to students to promote the 

learning of basic computer science and electronics in schools and ignite the imagination of students 
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through Do-it-yourself projects. 

4.3 Scientific Conferences for industry-institute collaboration 

Scientific Conference would be conducted annually by DITECH along with Department of Science and 

Technology by inviting scientists and researchers from around the world in association with Research 

Institutions with the aim to create collaborations among colleges. 

5. Awareness and Outreach 

Entrepreneurship Development Programs across 22 districts of Haryana will be organized every six 

months for sensitization and awareness among the aspiring innovators/entrepreneurs and school/college 

students about their growth opportunities and potential in the Startup Ecosystem. The incubator will be 

given assistance of up to Rs 20 Lakh per event for organizing startup competition festival in institutes of 

national importance. 

6. Way Forward 

There are additional steps that the state could take in order to build upon the already engaged initiatives. 

1. Increase number of registered startups 

2. Prioritize market outreach to boost Women Entrepreneurship 

3. Additional amendments in rules and regulations to support startups 

4. Real-time query resolution support integration 

5. Setting up additional incubators 

 
7. Conclusion 

At present day, startups are growing like a grapevine. Haryana's financial development has been praiseworthy and 

regardless of being little in size, its contribution to public money is almost 3.5 percent of the GDP. The State firmly 

believes that innovation is the backbone of the economy and hence developed an inclusive blueprint for the 

development of a Startup Ecosystem in the State. While the State economy is having a strong manufacturing base, 

the Startup Sector is moving at a very pace. The Government of Haryana needs to provide the youngsters and new 

entrepreneurs with the necessary policy push, robust infrastructure and liberalized regulatory compliances. The 

state has also developed a well-equipped online implementation system along with a mentor network to support the 

startups. A call center has been setup by the state to respond to the queries raised by startups. Additionally, the state 

is also taking support from various other departments in order to boost the startup ecosystem. The economy of the 

state is developing at a high speed especially in the area of Services and IT making Haryana ready for the startups. 

At this stage when The Government of India is very much committed towards making India an Enterprising 

economy, the Government of Haryana is quick to taking major initiatives for creating a good environment for the 

Startups. The government needs to reduce the procedural and bureaucratic hurdles which hinder the 

functioning of Startups. 
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पररचय- 

  भररि में प्रौद्योतिकी के उपयोि को बढ़रने के तलए भररि सरकरर द्वररर "तितिटल इांतियर" अतभयरन शुरू ककयर ियर थर। इसकर उदे्दश्य 

पूरे देश में अपने ऑनलरइन बुतनयरदी ढरांचे में सुधरर करके नरिररकों को इलेक्ट्रॉतनक रूप स ेसरकररी सेवरएां आसरनी से उपलब्ध कररनर थर। 

इांटरनेट कनेतक्ट्टतवटी में वृति के द्वररर  देश को तितिटल रूप स ेसशक्त बनरने के तलए इस  प्रकक्यर को अपनरयर ियर है । यह आम  िनिर िक 

पहांचने कर आसन िरीकर  है और उन्हें अपने दैतनक िीवन में प्रौद्योतिकी कर उपयोि करने के तलए प्रोत्सरतहि करिर है। प्रधरन मांत्री श्री नरेंद्र मोदी 

द्वररर  1 िुलरई, 2015 को इस अतभयरन को  शुरू ककयर ियर । इस अतभयरन की सहरयिर   स ेग्ररमीण भररि को हरई-स्पीि इांटरनेट कनेतक्ट्टतवटी 

से  िोड़नर है। 

“तितिटल इांतियर” अतभयरन के मखु्य घटक – 

तितिटल इांफ्ररस्रक्ट्चर कर तनमराण  

देश भर में तवतभन्न तितिटल सवेरओं को लरिू  करने में , तवशेष रूप स े देश के ग्ररमीण क्षते्रों में एक मिबूि तितिटल बतुनयरदी ढरांचर 

िैयरर करनर आवश्यक है। देश के आांिररक क्षेत्रों में इलेक्ट्रॉतनक नेटवका  यर िो बहि कम है यर तबल्कुल भी  नहीं है। परेू देश में तितिटल नेटवका  

स्थरतपि करने के पीछे यही कररण है। भररि ब्रॉिबैंि नेटवका  तलतमटेि, एक सरकररी तनकरय िो ररष्ट्रीय ऑतटटकल फरइबर नेटवका  पररयोिनर को 

लरिु करने के तलए करया कर  रही है , तितिटल इांतियर पररयोिनर के तलए भी तिम्मेदरर है। भररि ब्रॉिबैंि नेटवका  कर लक्ष्य देश भर में 2,50,500 

ग्ररम पांचरयिों को ऑतटटकल फरइबर नेटवका  के मरध्यम स ेएक हरई-स्पीि इांटरनेट नेटवका  स ेिोड़नर है। करयाक्म के तहस्स ेके रूप में पूरे देश में 

4,00,000 इांटरनेट बबांद ुस्थरतपि ककए िरएांिे, िहरां स ेहर कोई  इांटरनेट सवेर  कर उपयोि कर सकेिर। 

तितिटल सवेर की तिलीवरी  

तितिटल इांतियर अतभयरन कर एक प्रमुख घटक सरकररी सवेरओं और अन्य आवश्यक सवेरओं को तितिटल रूप से तविररि करनर है।तितिटल 

इांतियर अतभयरन के िहि भररि सरकरर की कई सेवरओं को तितिटल ककयर ियर। 

इस योिनर के िहि सभी मांत्ररलयों को िोड़र िरएिर, और सभी तवभरि मूलभूि सवेरओं िसैे  स्वरस््य देखभरल, बैंककां ि, तशक्षर, छरत्रवृति, िसै 

तसलेंिर, परनी और तबिली के तबल और न्यरतयक सवेरओं  के सरथ लोिों से िुड़  सकें िे। लोिों के दैतनक तविीय  लेन-देन को भी तितिटल मोि में 

बदल कदयर ियर। लेन-देन में पररदर्शािर सुतनतिि करने और भ्रष्टरचरर पर रोक  लिरने के तलए सभी तविीय  लेन-देन ऑनलरइन और वन टरइम  

परसविा द्वररर सुरतक्षि ककए िर रहे  हैं। 
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तितिटल सरक्षरिर  

तितिटल  इांतियर  अतभयरन में भररि के सभी लोिों की पूणा भरिीदररी के तलए  िो योग्यिर होनी चरतहए, उसे तितिटल सरक्षरिर कहिे 

हैं। तितिटल उपकरणों कर प्रभरवी ढांि स ेउपयोि करने के तलए आवश्यक बुतनयरदी ढरांचर , ज्ञरन और कौशल अतनवरया हैं। िेस्कटॉप पीसी, लैपटॉप, 

टैबलेट और स्मरटाफोन तितिटल उपकरण हैं तिनकर उपयोि सांचरर, अतभव्यतक्त, तमल कर करम  करने और नेटवर्किं ि  करने के उदे्दश्य से ककयर 

िरिर है। तितिटल सरक्षरिर कर तमशन छह करोड़ से अतधक ग्ररमीण पररवररों को कवर करेिर। 

तितिटल इांतियर कर लक्ष्य तवकरस क्षेत्रों के नौ स्िांभों पर अत्यतधक आवश्यक बल प्रदरन करनर है। इनमें से प्रत्येक क्षेत्र अपने आप में एक िरटल 

करयाक्म है और कई मांत्ररलयों और तवभरिों से िुड़र  हआ है। तितिटल इांतियर के नौ स्िांभ नीचे कदए िए हैं: 

 

● ब्रॉिबैंि हरईव े- इसमें िीन उप घटक शरतमल हैं, अथराि् सभी के तलए ब्रॉिबैंि –ग्ररमीण , शहरी और ररष्ट्रीय सूचनर अवसांरचनर । 

● मोबरइल कनतेक्ट्टतवटी के तलए यतूनवसाल एक्ट्ससे- यह अतभयरन देश में नेटवका  पहांच  और कनेतक्ट्टतवटी में अांिररल को कम करने पर  

पर कें कद्रि है। 

● सरवाितनक इांटरनटे एक्ट्ससे करयाक्म-सरवाितनक इांटरनेट एक्ट्सेस प्रोग्ररम के दो उप घटक- 

1- सरमरन्य सेवर कें द्र (सीएससी)  2 – िरकघर- बह-सवेर कें द्रों के रूप में। 

 ई-िवनेंस: प्रौद्योतिकी के मरध्यम से सरकरर में सुधरर- सरकररी प्रकक्यरओं को सरल  और  अतधक कुशल बनरने के तलए आईटी कर 

उपयोि करके सरकररी प्रकक्यर की री-इांिीतनयररांि तवतभन्न सरकररी िोमेन में सरकररी सेवरओं के तविरण को अतधक प्रभरवी बनरने के तलए यह  

पररविान महत्वपूणा ह।ै इसतलए सभी मांत्ररलयों/तवभरिों द्वररर इसे लरिू करने की आवश्यकिर है। 

● ई-क्रांति- सेवरओं की इलेक्ट्रॉतनक तिलीवरी- सरवाितनक सवेरओं की तिलीवरी में सुधरर करनर और उन िक पहांचन ेकी प्रकक्यर को सरल 

बनरनर। इस सांबांध में, तवतभन्न ररज्य सरकररों और कें द्रीय मांत्ररलयों द्वररर ई-िवनेंस के यिु में प्रवशे करने के तलए ई-िवनेंस से सम्बांतधि  

कई कदम उठरये िये हैं। भररि में ई-िवनेंस सरकररी तवभरिों के कम्टयूटरीकरण स ेलेकर उन पहलों िक िो शरसन के सूक्ष्म बबांदओुं को 

समरतहि करिी हैं, िेिी से तवकतसि हआ है-िसैे कक नरिररक कें कद्रििर, सवेर उन्मुखीकरण और पररदर्शािर। 

● सभी के तलए सचूनर- इस स्िांभ कर उदे्दश्य देश  के लोिों के उपयोि, पुन: उपयोि और पुनर्वािरण के तलए तवतभन्न  मांत्ररलयों द्वररर उत्पन्न 

तवश्वसनीय िेटर की पररदर्शािर और उपलब्धिर सुतनतिि करनर है। 

● इलके्ट्रॉतनक्ट्स तवतनमराण- यह स्िांभ देश में इलेक्ट्रॉतनक्ट्स मैन्युफैक्ट्चररांि को बढ़रवर देने पर फोकस करिर ह।ै 

● नौकररयों के तलए आई.टी- यह स्िांभ आईटी/आईटीईएस क्षेत्र में रोििरर के अवसरों कर लरभ उठरने के तलए आवश्यक कौशल हेिु  

युवरओं को प्रतशक्षण प्रदरन करने पर कें कद्रि है। 

● Early Harvest Programmes - इस स्िांभ में तवतभन्न अल्पकरतलक पररयोिनरओं कर एक समूह िैस ेकक बड़ ेपैमरने पर सांदेश भेिने 

के तलए आईटी टलेटफॉमा, ई-ग्रीरटांग्स की क्रउि सोर्सिंि, सरकररी करयरालयों में बरयोमेररक उपतस्थति, सभी तवश्वतवद्यरलयों में वरई-फरई 

आकद शरतमल है, िो भररिीय तितिटल तसस्टम  पर ित्करल प्रभरव िरलिे हैं । 

तितिटल इांतियर पहल  

तितिटल इांतियर अतभयरन के िहि सरकरर ने कई कदम उठरये हैं।ऐसी ही कुछ महत्वपूणा स्कीम तनम्नतलतखि हैं - 

 सलुभ भररि अतभयरन और मोबरइल ऐप- इसे सिुम्य भररि अतभयरन के नरम स ेभी िरनर िरिर है। इसकर मुख्य लक्ष्य सभी 

प्रकरर की  सेवरओं को कदव्यरांि व्यतक्तयों के तलए उपलब्ध करवरनर  है। 

 Mygov.in- यह मांच उपयोिकिराओं को सरकरर की प्रशरसन रणनीति पर अपने तवचरर व्यक्त करने की अनुमति देिर है। इसे 

इसतलए लरि ूककयर ियर है िरकक स्थरनीय लोि सकक्य रूप से भरि ले सकें । 
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 नए यिु के शरसन के तलए एकीकृि मोबरइल एतटलकेशन (UMANG)- इस मोबरइल टलेटफॉमा कर इस्िेमरल ककसी भी 

तिवरइस पर ककयर िर सकिर है। यह सॉफ्टवेयर तवतभन्न भररिीय भरषरओं में उपलब्ध है। यह सॉफ़्टवेयर उपयोिकिराओं को 

तवतभन्न प्रकरर की सेवरओं िक पहुँचन े की अनुमति देिर है। उमांि एटप पर उपलब्ध सेवरओं में तशक्षर पोटाल, तितिटल 

लॉकर,परसपोटा सेवर,भररि तबल भुििरन सेवर, िसै सेवर,फसल बीमर, आधरर, टैक्ट्स और रेन रटकट खरीदररी शरतमल हैं। 

 कृतष बरिरर ऐप- इसे ककसरनों को कृतष कीमिों स ेअविि कररने और उन्हें फसल बेचिे समरय िल्दबरिी न करने के उदे्दश्य  

के तलए बनरयर ियर थर। 

 बटेी बचरओ बटेी पढ़रओ- एक बरतलकर के कल्यरण और पोषण को सतुनतिि करनर और यह भी सुतनतिि करनर कक हर लड़की 

स्कूल िरिी है  । 

 भररि इांटरफेस फॉर मनी (भीम)- यह यूतनफरइि पेमेंट इांटरफेस (UPI)  िल्दी, आसरनी स ेऔर सरलिर  से भुििरन करिर है। 

यह बैंक को मोबरइल फोन नांबरों कर उपयोि करके ित्करल भिुिरन और धन सांग्रह स्वीकरर करने की भी अनुमति देिर है 

 फसल बीमर मोबरइल ऐप- यकद कोई ऋण तलयर िरिर है, िो क्षेत्र यर ऋण ररतश िैसी कई तवशेषिरओं के आधरर पर फसल 

बीमर प्रीतमयम की िणनर करने के तलए ऐप उपयोि ककयर िरिर है। 

 ई-अस्पिरल- यह अस्पिरलों के आांिररक करयाप्रणरली  और सांचरलन के तलए एक HMIS (अस्पिरल प्रबांधन सूचनर प्रणरली) है। 

  E-Pathshala- नेशनल करउां तसल ऑफ एिकेुशनल ररसचा एांि रेबनांि (एनसीईआरटी) ने तवद्यरर्थाओं से सम्बांतधि   सभी 

प्रकरर  की पुस्िकों , टेक्ट्स्ट बुक्ट्स,ऑतियो , तवतियो के अतिररक्त अन्य तितिटल सांसरधनों को ऑनलरइन उपलब्ध कररए िरने 

के तलए  बनरयर है। 

 ईपीएफओ वबे पोटाल और मोबरइल ऐप- यह ऐप कमाचरररयों को ई-परसबकु कर उपयोि करके अपने भतवष्य तनतध की ररतश 

की िरांच करने की अनुमति प्रदरन करिी है , िो वरस्ितवक परसबुक के िैसी होिी  है। 

 स्टरटा-अप इांतियर पोटाल और मोबरइल ऐप- यह भररि सरकरर कर एक करयाक्म है िो उद्यतमयों को देश में नये व्यवसरयों 

(स्टरटा-अप) को तवकतसि करने और स्थरयी रूप स ेतवस्िरर करने के तलए प्रोत्सरतहि करिर है। 

तितिटल इांतियर के उदे्दश्य  

 यह अतभयरन  स्वरस््य देखभरल और सरक्षरिर को और अतधक सुलभ बनरिर है। परम्पररिि िरीके की अपेक्षर िॉक्ट्टर की 

तनयुतक्त, शुल्क कर भुििरन, िरयग्नोतस्टक  परीक्षण और रक्त परीक्षण हेिु ऑनलरइन पांिीकरण आसरनी से और घर बैठे ही  

ककयर िर सकिर है  है। 

 यह उपभोक्तरओं को परम्पररिि थकरन भरे  भौतिक करया को  कम करिे हए कहीं से भी अपने करििी कररावरई और 

प्रमरणपत्र ऑनलरइन िमर करने की अनुमति देिर है। 

 नरिररक तितिटल रूप से अपने ररकॉिा पर ऑनलरइन हस्िरक्षर कर सकिे हैं। 

 यह ररष्ट्रीय छरत्रवृति पोटाल के लरभरर्थायों को आवदेन ऑनलरइन िमर करने, उन्हें सत्यरतपि करने और  भिुिरन करने की 

अनुमति देकर लरभरतन्वि करिर है। 

 बीएसएनएल मोबरइल उपकरणों पर वॉयस, िेटर, मल्टीमीतियर आकद िैसे ऑनलरइन सेवरओं के बेहिर प्रशरसन के तलए 30 

सरल पुररने टेलीफोन एक्ट्सचेंिों की ििह लेिर। 

 सभी प्रकरर के तविीय  लेन-देन तितिटल िरीके स ेपूरे ककए िरिे हैं, इस प्रकरर  यह करलरबरिररी को कम करने में भी 

सहरयक होिर है। 

http://www.ijnrd.org/
https://knowledgemaps.org/digital-currency-in-india-in-hindi/


© 2023 IJNRD | Volume 8, Issue 6 June 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2306582 International Journal of Novel Research and Development (www.ijnrd.org)  
 

f781 
 

तितिटल इांतियर तमशन के लरभ 

तितिटल इांतियर तमशन एक ऐसर कदम  है तिसमें देश के ग्ररमीण क्षेत्रों को हरई-स्पीि इांटरनेट नेटवका  से िोड़ने की योिनर शरतमल है। 

पतब्लक इांटरनेट एक्ट्ससे प्रोग्ररम तितिटल इांतियर के नौ स्िांभों में से एक है। तितिटल तसस्टम अपनरने के मांच पर, भररि तवश्व में  शीषा 2 देशों में 

शरतमल है और भररि की तितिटल अथाव्यवस्थर वषा 2023 िक $1 ररतलयन को परर करने की सांभरवनर ह।ै 

तितिटल इांतियर के कुछ लरभ हैं: 

 ई-िवनेंस स ेसांबांतधि इलेक्ट्रॉतनक लेनदेन में वतृि हई है। तवश्व बैंक द्वररर िररी वैतश्वक फरइांिेक्ट्स ररपोटा में कहर ियर कक भररि में 

तविीय समरवेशन में िेिी से बढ़ोिरी हो रही और खरिरधररकों की सांख्यर िो 2011 में 35 फीसदी थी और 2014 में 53 फीसदी थी। 

वह 2017 में बढ़कर 80 फीसदी हो िई है। 

 भररि नेट करयाक्म के िहि 2,74,246 ककलोमीटर के ऑतटटकल फरइबर नेटवका  ने 1.15 लरख स ेअतधक ग्ररम पांचरयिों को िोड़र है। 

 भररि सरकरर की ररष्ट्रीय ई-िवनेंस पररयोिनर के िहि एक सरमरन्य सेवर कें द्र (सीएससी) बनरयर ियर है िो सूचनर और सांचरर 

प्रौद्योतिकी (आईसीटी) िक पहांच प्रदरन करिर है। कां टयूटर और इांटरनेट एक्ट्ससे के मरध्यम स,े सीएससी ई-िवनेंस, तशक्षर, स्वरस््य, 

टेलीमेतितसन, मनोरांिन और अन्य सरकररी और तनिी सवेरओं से सांबांतधि मल्टीमीतियर सरमग्री प्रदरन करिे हैं। 

 सोलर लरइरटांि, एलईिी असेंबली यूतनट, सतैनटरी नैपककन प्रोिक्ट्शन यतूनट और वरई-फरई चौपरल िसैी सवासतुवधरयुक्त सतुवधरओं के 

सरथ तितिटल िरांवों की स्थरपनर। 

 इांटरनेट िेटर कर उपयोि सेवरओं के तविरण के तलए एक प्रमुख उपकरण के रूप में ककयर िरिर है और शहरी इांटरनेट की पहांच 64% िक 

पहांच िई है। 

 देश के लिभि 80 प्रतिशि लोि बैंक में अपनर खिर खुलवर चुके है । ग्ररमीण स्िर पर भी लोिो द्वररर बैंककि मरध्यम से तविीय लेनदेन 

ककये िरने लिे हैं । 

तितिटल इांतियर की चनुौतियरुँ 

भररि सरकरर ने देश के ग्ररमीण क्षेत्रों को हरई-स्पीि इांटरनेट नेटवका  स े िोड़ने के तलए तितिटल इांतियर तमशन के मरध्यम स े एक 

महत्वपूणा पहल  की है। तितिटल इांतियर अतभयरन में सरकरर  द्वररर उठरये िये तवतभन्न कदमों के अतिररक्त  इसमें कई चुनौतियों कर सरमनर भी  

करनर पड़िर है। 

तितिटल तमशन की कुछ चुनौतियरुँ और कतमयरुँ नीच ेदी िई हैं: 

 भररि में अन्य तवकतसि देशों की िुलनर में दैतनक इांटरनेट िति और वरई-फरई हॉटस्पॉट की िति  धीमी हैं। 

 अतधकरांश छोटे और मध्यम उद्योि को नई आधुतनक िकनीक को अपनरने के तलए बहि सांघषा करनर पड़िर है। 

 सुिम इांटरनेट एक्ट्ससे के तलए शुरुआिी स्िर के स्मरटाफोन की सीतमि क्षमिर। 

 तितिटल प्रौद्योतिकी के क्षेत्र में कुशल मरनवीय सांशरधन  की कमी। 

 तितिटल अपररध के बढ़िे खिरे की िरांच और तनिररनी के तलए सरइबर सुरक्षर तवशेषज्ञों की तनयुतक्त भी एक चुनौिी है । 

 तितिटल तशक्षर कर अभरव। 

 सांस्कृति की दतृष्ट स े भररि एक तवतवधिरपूणा देश है। प्रत्येक ररज्य की अपनी तवतशष्ट भरषर, रीति-ररवरि, खरन-परन, करनून और 

परांपररएुँ होिी हैं। तितिटल इांतियर प्रोग्ररम कर उदे्दश्य पूरे देश को तितिटल रूप से एकीकृि करनर है। पूणा एकीकरण िो प्रौद्योतिकी 

और भरषर कर एकीकरण है, तमशन को इसके करयरान्वयन में सरमनर करने वरली मुख्य चुनौतियों में से एक है। 
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तनष्कषा 

तितिटल रूप स े िुड़े भररि कर उदे्दश्य देश में िनिर की सरमरतिक और आर्थाक तस्थति कर तवकरस करनर है। िैर-कृतष आर्थाक 

ितितवतधयों कर तवकरस तविीय सेवरओं, स्वरस््य और तशक्षर िक पहांच प्रदरन करने के तलए ऐसी उपलतब्ध कर मरिा प्रशस्ि कर सकिर है। सूचनर 

और सांचरर प्रौद्योतिकी अकेले ककसी देश के समग्र तवकरस को प्रत्यक्ष रूप स ेप्रभरतवि नहीं कर सकिी है। बुतनयरदी तितिटल ढरांचर समग्र तवकरस 

हरतसल करने में मदद कर सकिर है। 

सरक्षरिर और तवतनयरमक व्यरवसरतयक वरिरवरण भी इसे प्ररप्त करने में मदद कर सकिे हैं। यह एक बहि ही लरभदरयक दतृष्टकोण होिर क्ट्योंकक 

यह करििी कररावरई पर समय  खचा करने के बोझ से ररहि देिर है और लोिों को अपनर समय सरकरर के अन्य पहलुओं को समर्पाि करने की 

अनुमति देिर है। यह बड़े पमैरने पर करम करने वरले सरकररी कमाचरररयों के तलए बेहद कुशल और फरयदेमांद है। 
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EDITOR’S NOTE

With the progress of science in the modern era, research has special importance in our life because research is now

being used for the in-depth study of each and every branch of knowledge. Through research efforts are made to answer

those fundamental questions whose answers have not yet been available. But the answer to each question depends on the

efforts of man. This concept can be clarified with this example, until a few years ago man did not reach the moon, in fact he

did not know what the moon actually was?  It was a problem that had no solution. Man had only assumptions about the moon,

did not have pure knowledge. But with his efforts, he reached the moon, brought the soil from there, and from its analysis, it

was possible to know what the moon is? Through research works, an attempt is made to find answers to those questions

whose answer is not available in the literature or in the knowledge of man.  In fact, the word ‘research’ is a process in which

the activities of ‘research’ and ‘investigation’ are also included, in which a reliable solution to a problem is found on the basis

of gathering and analyzing many types of facts. According to the nature of the word ‘research’, the process of enquiry,

investigation, intensive inspection, extensive testing, planned study, purposeful and prompt general determination, etc. are

important, that is, ‘research’ is a systematic and well-planned process by which human knowledge is increased. Human

tensions are also reduced by research work. It is an effective method of solving scientific problems because research

involves scientific investigation of a problem. The action of investigation is indicative of the fact that the problem should be

looked at very closely. He should be investigated and his knowledge should be obtained.

As part of this process, the journal Anusandhan Vatika is presented to you as a medium of cognitive dialogue

between Scholars, teachers and the academicians. Conceptual and experiential interpretation and analysis have been presented

in this issue along with new factual information on multidisciplinary research related questions. Some of the research papers

included in the research journal does not appear to be fully following the theoretical criteria of the research methodology.

Nevertheless, due to the originality and novelty of the ideas, they have been given a place in the journal so that they can be

combined in the integrated curriculum of the journal. Hope this issue of Anusandhan Vatika will be helpful in communication

of research stream.

— Editor



vuqla/ku okfVdk (ANUSANDHAN VATIKA)               (iii)  ISSN: 2280-8398

TABLE OF CONTENT

Analyzing The Performance of Selected Co-Op Banks In Rajasthan- Mukesh Sankhla                                        1

oSfnd lkfgR; esa i;kZoj.k laj{k.k vkSj Hkwfe iznw"k.k fuokj.k ds mik;& MkW0 jktsUnz dqekj iqjksfgr                                       10

mRrjk[k.M jkT; ds xBu esa efgykvksa dk ;ksxnku& dYiuk mizsrh                                                                     15

NEP 2020: Visualizing The Teacher Education Of Tomorrow- SUDHAKAR PANDEY; Dr. Vikramjit Singh                                                  17

xhrkuqlkja KkuçkIrs% mik;% & ekul e.My%                                                                                   22

The Theme of Struggle for survival as reflected in the Novel, The Road by Cormac  Mc Carthy-Dr. S. David soundar,

W. Nancy kanimozhi                                                                                                                                                                                           25

osns”kq vfHkof.kZrL; Ñf”kdk;ZL; vk/qfuddkys leUo;uEk~- Jayoshee Paul                                                                                      28

Hkkjr esa dkWiksZjsV lkekftd mÙkjnkf;Ro% eqís vkSj pqukSfr;k¡&MkW0 vkse izdk'k 'kekZ                                                                             31

^drkj ls dVk ?kj* dFkk laxzg esa l'kÙkQ ukjh Hkwfedk& eksfguh xqIrk                                                                37

lkfgR; esa psruk dk ifjn`';% vko';drk ,oa vfHkO;fÙkQ& MkW0 fç;adk                                                               39

Right To Education Act Empowerment of Citizens- Dr. T. S. Shyam Prasad                                                                                                       43

Study of Climate Change Detection Using Big Data Analysis- Poonam Sharma; Pawan Kumar                                                                     49

Study of Secured Data Retrieval In Encrypted Cloud Data Environment- Priyanka Verma; Pawan Kumar                                                    55

Lokeh foosdkuUn vkSj mudk jk”Vªokn% ,d v/;;u& MkW0 vads'k dqekj                                                            59

Ancient Indian Metallurgy- Dr. Akarsh Akul                                                                                                                                                          62

laL—rlkfgR;s dkO;xq.kfoe'kZ%& Prasenjit Malo                                                                                               68

fczfV'k dky esa vQhe dh [ksrh% ,d ,sfrgkfld fo'ys"k.k& vydk dqekjh_ MkW0 ekyk flag                                                     71

Factors responsible for shaping foreign policy of India- Kirti Kumar Pandey                                                                                                   75

Gender equality: A Progress Accelerating Towards Sustainability- Dr. Usha Pathak; Dr. Onima Sharma                                                      79

The Status Of Artisan And Backward Castes (Service Castes) In Agrarian Society In Telangana- Dr.Musugu Srinivasa Rao                     85

Indian Monsoon and its implications on Indian economy- Dr Pallavi                                                                                                                92

?kjsyw fgalk efgyk thou dk lcls cM+k vfHk'kki (?kjsyw fgalk dkj.k vkSj fuokj.k)& MkW0 vydk lDlsuk                                  98

ewd cf/j fof'k"V fo|ky;ksa esa dk;Zjr f'k{kdksa ds ewY;ksa dk v/;;u& MkW0 Hkkouk flag                                                            102

y?kq m|ksx vkSj Hkkjr dk xzkeh.k fodkl& foØkar eksgu_ MkW0 jeu nhi flag                                                         109



vuqla/ku okfVdk (ANUSANDHAN VATIKA)            (109)  ISSN: 2230-8938

RNI Regd. No. UTTBIL/2011/40666 ISSN: 2230-8938

ANUSANDHAN VATIKA
(An International Multidisciplinary Quarterly Bilingual

Peer Reviewed Refereed Research Journal)

ììììì   Vol 13 ììììì   Issue 1                                           ììììì  January-March 2023

y?kq m|ksx vkSj Hkkjr dk xzkeh.k fodkl

foØkar eksgu

lgk;d çkè;kid okf.kT; ladk;] jktdh; egkfo|ky; Hkêw dyka Qrsgkckn] gfj;k.kk

M‚0 jeu nhi flag

lgk;d çkè;kid okf.kT; ladk;] jktdh; efgyk egkfo|ky; fljlk] gfj;k.kk

ifjp; (Introduction)

,d m|eh og bdkbZ gS tks ,d m|e ds fopkj dh vo/kkj.kk djrk gS vkSj mRiknu ds lHkh vko';d dkjdksa ds la;kstu dh igy djds
vkSj m|e dks iwjk djus vkSj cuk, j[kus ds fy, tksf[ke mBkus dh igy djds fopkjksa dks okLrfodrk esa ifjofrZr djrk gSA ;g vkfFkZd fodkl
dh çfØ;k esa ;ksxnku nsdj vFkZO;oLFkk esa egRoiw.kZ Hkwfedk fuHkkrk gSA ,d vo/kkj.kk ds :i esa m|ferk ml lkj dks lanfHkZr djrh gS ftlesa
,d m|eh ls tqM+s lHkh y{k.k] dkS'ky] çfØ;k] igy] xfrfof/k;k¡ 'kkfey gksrs gSaA jk"Vªfirk egkRek xka/kh us Bhd gh dgk gS fd Hkkjr xkaoksa esa
okl djrk gSA xkao  Hkkjrh; lekt ds ewy esa 'kkfey gSa vkSj okLrfod Hkkjr dk çfrfuf/kRo djrs gSaA xzkeh.k m|eh os gSa tks vFkZO;oLFkk ds
xzkeh.k {ks= esa vkS|ksfxd vkSj O;kolkf;d bdkb;ksa dh LFkkiuk djds m|e'khyrk dh xfrfof/k;ksa dks vatke nsrs gSaA nwljs 'kCnksa esa] xzkeh.k {ks=ksa
esa vkS|ksfxd vkSj O;kolkf;d bdkb;ksa dh LFkkiuk dk rkRi;Z xzkeh.k m|ferk ls gSA m|ferk jk"Vªh; vFkZO;oLFkk  esa xzkeh.k fodkl dh xfr
dks c<+kdj  egRoiw.kZ ;ksxnku ns ldrh gSA —f"k vkt Hkh xzkeh.k lekt dh jh<+ gSA 2011 dh tux.kuk ds vuqlkj Hkkjr ds xzkeh.k {ks=ksa esa
68-84 çfr'kr yksx jgrs gSaA 70 çfr'kr Hkwfe  NksVs vkSj lhekar fdlkuksa ds ikl gS ftlds ifj.kkeLo:i —f"k Hkwfe ij fuHkZjrk dk vuqikr cgqr
vf/kd gSA blds foijhr —f"k mit cgqr de gSA ifj.kkeLo:i cM+h la[;k esa —f"k Jfedksa dk 'kgjh {ks=ksa dh vksj iyk;u gksrk tk jgk gSA
lhfer  Hkwfe   vkSj —f"k }kjk  Je 'kfä dks iw.kZ jkstxkj çnku djus esa  vleFkZrk   ds dkj.k xzkeh.k csjkstxkjh vkSj 'kgjh {ks=ksa dh vksj  xzkeh.k
iyk;u dks jksdus  ds fy, xzkeh.k m|ksxksa dks fodflr djus dh vko';drk gSA xzkeh.k vFkZO;oLFkk dk fodkl  ns'k ds lexz  fodkl ds fy,
,d vko';d iwoZ 'krZ gSA xzkeh.k o  'kgjh vlekurkvksa ds chp dh [kkbZ dks de fd;k tkuk pkfg,A xzkeh.k yksxksa ds thou Lrj esa o`f) dh
tkuh pkfg,A xzkeh.k {ks= esa m|ferk mijksä leL;kvksa dk mÙkj çnku djrh gSA
xzkeh.k fodkl ds fy, vko';d fl)kar gSa&

1- xzkeh.k yksxksa  }kjk m|e esa ç;qä  xzkeh.k lalk/kuksa dk b"Vre mi;ksxA

2- —f"k mit ds csgrj forj.k }kjk  xzkeh.k le`f) esa o`f) djukA

3- xzkeh.k m|ferk dk  xzkeh.k vkSj  'kgjh vkcknh ds HksnHkko dks de djus vkSj xzkeh.k iyk;u  dks jksdus ds  oSdfYid lk/ku ds :i esa
ç;ksx A

4- ,slh ç.kkyh dks lfØ; djuk  tks xzkeh.k fodkl ds fy, ekuo la'kk/ku  ] /ku ] lkexzh] e'khujh] çca/ku vkSj cktkj miyC/k djkus esa lgk;d
gks lds  A

xzkeh.k m|ferk ds çdkj

Hkkjr esa xzkeh.k m|fe;ksa dks fuEufyf[kr çdkj ls oxhZ—r fd;k tk ldrk gS &
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—f"k vk/kkfjr m|ksx

bl çdkj ds xzkeh.k m|ksx —f"k ij vk/kkfjr gksrs gSaA  —f"k m|ksx ftlesa vpkj]  Qyksa dk twl] tSe] Ms;jh mRikn] pkoy ls cus
mRikn] phuh m|ksx] xqM+] frygu ls rsy] elkys tSls —f"k mRiknksa dk çlaLdj.k vkSj fcØh 'kkfey gS A
ou vk/kkfjr m|ksx

ou mRiknksa ij vk/kkfjr xzkeh.k m|ksx bl Js.kh ds varxZr vkrs gSaA ou vk/kkfjr m|ksx ftuesa 'kgn cukuk] ydM+h ds mRikn] ckal vkSj
xUuk mRikn] chM+h cukuk] iÙkksa ls [kkus dh Fkkyh cukuk vkfn 'kkfey gS A
[kfut vk/kkfjr m|ksx

;g [kuu vkSj  [kfut inkFkksZ  ij vk/kkfjr ,d çdkj dh xzkeh.k m|ferk gS A buesa ls dqN m|e LVksu Øf'kax] lhesaV mRikn] nhokj dksfVax
ikmMj] laxejej vkSj xzsukbV ls cus ltkoVh lkeku gSaA bl çdkj ds m|ksx  gekjs ns'k ds vf/kdrj  xzkeh.k {ks=ksa esa  pyk;s tkrs gSA
oL= m|ksx

;g dSVsxjh VsDlVkby vkSj d‚Vu çksMDV~l ij vk/kkfjr gSA blesa diM+s dh cqukbZ] drkbZ vkSj jaxkbZ 'kkfey gSA
bathfu;fjax vkSj lsok,a

bathfu;fjax m|ksxksa esa —f"k midj.kksa ds iqtksaZ] vkStkjksa ] e'khujh ds iqtksaZ vkfn dk fuekZ.k vkSj ejEer 'kkfey gSA

gLrf'kYi m|ksx

 buesa ydM+h ;k ckal ls  gLrf'kYi cukuk] ikjaifjd ltkoVh mRikn] f[kykSus vkSj xqfM+;k cukuk] {ks= fo'ks"k ds çf'k)  fof'k"V gLrf'kYi
ds vU; lHkh :i 'kkfey gSaA

mi;qZä lHkh xzkeh.k m|e xzkeh.k fodkl esa ,d çeq[k Hkwfedk fuHkkrs gSa tks bu ikjaifjd xzkeh.k m|fe;ksa ds fodkl ij vk/kkfjr gSA vr%
Li"V gSS fd Hkkjr esa xzkeh.k fodkl dk lh/kk laca/k gekjs ns'k ds xzkeh.k m|fe;ksa dh fofHkUu Jsf.k;ksa ds fodkl ls gSA
xzkeh.k m|ksxksa dk fuos'k vuqlkj oxhZdj.k

¼,e,l,ebZ½ 2006 esa ,e,l,ebZ fodkl vf/kfu;e] 2006 ds vf/kfu;eu ds lkFk ,d cM+k ifjorZu gqvkA  lw{e] y?kq vkSj e/;e m|e]
¼,e,l,ebZ½Z fodkl ea=ky; vf/kfu;e] 2006 ds vuqlkj la;a= vkSj e'khujh esa fuos'k ;k midj.k esa fuos'k ds vuqlkj fofuekZ.k vkSj lsok m|eksa
ij ifjHkkf"kr fd;k x;k gSA ,e,l,ebZ ea=ky; ds vuqlkj] lw{e] y?kq vkSj e/;e m|eksa ds :i esa oxhZ—r fd, tkus okys m|eksa ds fy, fuos'k
ij gky dh lhek,a bl çdkj gSa
lw{e] y?kq vkSj e/;e m|e dh  ifjHkk"kk] 2018

ubZ ifjHkk"kk 7 vçSy]2018 ls ykxw gS ftls ç/kkuea=h dh v/;{krk okyh dSfcusV desVh dh cSBd esa vafre :i fn;k x;k Fkk- bl ifjorZu
ds ckn vc ÞIykaV vkSj e'khujhß esa fuos'k dh txg ÞVuZvksojß ds vk/kkj ij MSMEs oxhZdj.k fd;k tk;sxk-
lw{e] y?kq vkSj e/;e m|e dh  ifjHkk"kk] 2018

fofuekZ.k {ks=

 lw{e m|ksx  lkykuk VuZ vksoj #- 5 djksM+ ls de 
 y?kq m|ksx  lkykuk VuZ vksoj #- 5 djksM+ ls 75 djksM+ ds chp 
 e/;e m|ksx  lkykuk VuZ vksoj #- 75 djksM+ ls 250 djksM+ ds chp 
 

 lw{e m|ksx  lkykuk VuZ vksoj #- 5 djksM+ ls de 
 y?kq m|ksx  lkykuk VuZ vksoj #- 5 djksM+ ls 75 djksM+ ds chp 
 e/;e m|ksx  lkykuk VuZ vksoj #- 75 djksM+ ls 250 djksM+ ds chp 
 

lsok {ks=

lw{e] y?kq vkSj e/;e m|e dh ifjHkk"kk] 2020- ljdkj }kjk bldh ubZ ifjHkk"kk bl çdkj nh x;h gS&

xzkeh.k m|ferk dh Hkwfedk vkSj egRo fuEu çdkj ls çdV gksrk gS&

xjhch vkSj csjkstxkjh esa deh
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xzkeh.k m|ferk ewy:i ls Je ç/kku gS vkSj xzkeh.k yksxksa ds fy, cM+s iSekus ij jkstxkj ds volj iSnk djrh gSA xzkeh.k m|ferk esa xzkeh.k
{ks=ksa esa çpfyr csjkstxkjh vkSj vYijkstxkj dh leL;k dks de djus dh {kerk gSA
fodsaæh—r vkS|ksfxd fodkl ,oa /ku dk ,oa leku forj.k&

xzkeh.k m|ferk ns'k ds vkfFkZd foLrkj esa egRoiw.kZ Hkwfedk fuHkkrh gS vkSj blds ifj.kkeLo:i fodsaæh—r vkS|ksfxd fodkl] yksxksa ds chp
vk; vkSj /ku dk leku forj.k gksrk gSA
LFkkuh; lalk/kuksa dk mfpr mi;ksx&

xzkeh.k m|ksx LFkkuh; lalk/kuksa tSls dPps eky vkSj Je ds mRiknd mís';ksa ds fy, vf/kdre mi;ksx esa lg;ksx djrs gSa vkSj bl çdkj
mRikndrk c<+krs gSaA m|fe;ksa }kjk lhfer LFkkuh; lalk/kuksa ds dq'ky vkSj çHkkoh mi;ksx ls xzkeh.k {ks= dk lexz vkfFkZd fodkl gksrk gSA
xzkeh.k vkcknh ds iyk;u ij jksd&

Jfedksa lfgr xzkeh.k vkcknh vk; l`tu] vPNh ukSdjh] fofHkUu lqfo/kkvksa dh [kkst vkSj detksj vkÆFkd fLFkfr tSls fofHkUu dkj.kksa ls 'kgjh
{ks=ksa dh vksj c<+rh gSA xzkeh.k m|ferk 'kgjh vkSj xzkeh.k {ks=ksa ds chp fo|eku varj dks de djus dh {kerk j[krh gSA xzkeh.k m|e'khyrk
jkstxkj ds volj iSnk dj ldrh gS vkSj xzkeh.k Hkkjr esa cqfu;knh <kaps vkSj vU; lqfo/kkvksa ds fodkl esa ;ksxnku ns ldrh gSA
larqfyr {ks=h; fodkl&

xzkeh.k m|ferk nwjLFk {ks=ksa esa y?kq bdkb;ksa dh LFkkiuk dj 'kgjh {ks=ksa esa m|ksxksa ds dsUæh;dj.k ij jksd yxkrh gSAm|ferk fodkl
dk;ZØe larqfyr {ks=h; fodkl ds mís'; dks çkIr djus esa lgk;d gksrs gS A
dykRed xfrfof/k;ksa dks c<+kok nsuk&

xzkeh.k m|ferk ds ek/;e ls dyk vkSj f'kYi dk laj{k.k vkSj çpkj djuk xzkeh.k Hkkjr dh lfn;ksa iqjkuh le`) fojklr dks lajf{kr fd;k
tk ldrk gSA
lkekftd cqjkb;ksa ij jksd&

m|ferk dh o`f) lkekftd cqjkb;ksa tSls pksjh] MdSrh] u'kk[kksjh] xjhch] lkekftd ruko] ok;qeaMyh; çnw"k.k vkfn dks de djrh gS A
thou Lrj esa lq/kkj&

xzkeh.k m|e'khyrk xzkeh.k {ks=ksa esa thou Lrj esa lq/kkj dj ldrh gSA fodkl vkSj le`f) ds c<+rs volj xzkeh.k leqnk;ksa dk mRFkku dj
ldrs gSaA
çfr O;fä vk; esa lq/kkj&

xzkeh.k m|e'khyrk u, voljksa dk ykHk mBkdj vf/kd mRiknu] jkstxkj vkSj /ku mRiUu djrh gS] ftlls xzkeh.k yksxksa dh çfr O;fä vk;
esa o`f) vkSj thou Lrj esa lq/kkj esa enn feyrh gSA
fons'kh eqæk HkaMkj esa o`f)&

;fn xzkeh.k m|ksxksa ds mRiknksa dks ekU;rk nh tkrh gS vkSj fons'kh ekax esa o`f) dh tkrh gS rks xzkeh.k m|ferk ns'k dh fons'kh eqæk HkaMkj
dks c<+kus esa egRoiw.kZ Hkwfedk fuHkk ldrh gSA
xzkeh.k m|fe;ksa ds lkeus vkus okyh leL;k,a&

,d vFkZO;oLFkk ds xzkeh.k fodkl esa m|eh cgqr egRoiw.kZ Hkwfedk fuHkk jgs gSaA xzkeh.k Hkkjr ds m|fe;ksa dks vusd ck/kkvksa vkSj leL;k;ksa
dk lkeuk djuk iM+rk gSA xzkeh.k m|fe;ksa }kjk lkeuk dh tkus okyh dqN çeq[k leL;kvksa dks fuEukuqlkj oxhZ—r fd;k x;k gS :-
1- fuj{kjrk

lk{kjrk dk Lrj bPNqd xzkeh.k m|fe;ksa ds fy, ,d xaHkhj ck/kk gSA muds fy, O;kolkf;d xfrfof/k;ksa dh rduhd] rduhdh okrkoj.k
esa cnyko vkSj O;kikj ds fofHkUu {ks=ksa dh laHkkoukvksa dks le>uk cgqr eqf'dy gSA blds vykok] xzkeh.k {ks=ksa esa] xzkeh.k m|fe;ksa dks miyC/
k Je 'kfä ds chp fuj{kjrk dh leL;k ls Hkh fuiVuk iM+rk gSA Jfedksa dh lk{kjrk dk Lrj xzkeh.k m|fe;ksa dh O;kolkf;d laHkkoukvksa dks
çHkkfor djrk gS vkSj bl rjg ;g ,d xaHkhj pqukSrh gSA lk{kjrk ds fuEu Lrj ds dkj.k xzkeh.k m|eh dkuwuh vkSipkfjdrkvksa dks le>us vkSj
mudk ikyu djus esa cgqr cksf>y gks tkrs gSaA
2- vuqHko dh deh&

xzkeh.k m|eh T;knkrj igyh ih<+h ds m|eh gSaA os m|ferk ds xgu vuqHko ds lkFk 'kk;n gh dHkh laiUu gksrs gSaA ;g Li"V gS fd mUgsa
xgu vuqHko okys yksxksa ds lkFk çfrLi/kkZ djuh gksrh gSa A
3- Ø; 'kfä lhfer gS&

Ø; 'kfä dk vHkko xzkeh.k m|fe;ksa ds fy, ,d xaHkhj ck/kk gSA dqN vioknksa dks NksM+ nsa] rks xzkeh.k m|eh lalk/ku vkSj e'khujh [kjhnus
dh {kerk ds vHkko ds ladV dk lkeuk djrs gSaA
4- ekStwnk 'kgjh m|fe;ksa ls [krjk&

'kgjh m|eh ykHkdkjh vkSj cktkj esa ,dkfèkdkjh fLFkfr esa gSaA muds ikl lwpuk çkS|ksfxdh] O;kolkf;d laHkkouk,a] _.k lqfo/kk vkfn dh
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csgrj igqap gSA xzkeh.k m|fe;ksa dks varr% 'kgjh led{kksa ds lkFk çfrLi/kkZ djuh iM+rh gS A bl çdkj xzkeh.k m|fe;ksa ds fodkl dh laHkkouk,
detksj gks tkrh gS A
5- /ku dh deh

xzkeh.k {ks=ksa ds m|eh foÙkh; lqj{kk ds vHkko esa forh; laLFkkvks ls QaM çkIr ugh dj  ikrs gSaA blds vykok] _.k lqfo/kkvksa dh deh Hkh
mudh nqnZ'kk dks c<krh gS A os vDlj vlaxfBr foÙkh; {ks= ls m/kkj ysrs gSa vkSj gkfu mBkrs gS
6- fcpkSfy;ksa dk vfLrRo

fcpkSfy;ksa ds fofHkUu Lrjksa dk vfLrRo xzkeh.k {ks=ksa ds m|fe;ksa ds fy, ,d xaHkhj leL;k gSA xzkeh.k m|eh vDlj fcpkSfy;ksa ij fuHkZj gksrs
gSa vkSj bl çfØ;k esa mudk 'kks"k.k gksrk gSA
7- dPps eky dh [kjhn

D;ksafd çkjaHk esa xzkeh.k m|fe;ks dh vkÆFkd fLFkfr lq–<+ ugh gksrh gS blfy, dPps eky dh [kjhn esa xzkeh.k m|fe;ksa dks xaHkhj ck/kkvksa
dk lkeuk djuk iM+rk gSA vkerkSj ij vkiwfrZdrkZ xzkeh.k m|fe;ksa dh mis{kk djrs gSaA xzkeh.k m|fe;ksa dks  HkaMkjx`g vkSj HkaMkj.k dh leL;k
dk lkeuk djuk iM+rk gSA [kjkc dPps eky dk mi;ksx djus okys m|fe;ksa dks xzkeh.k {ks=ksa esa dksYM LVksjst dh lqfo/kk miyC/k ugha gSA
8- rduhdh dkS'ky dh deh

xzkeh.k m|fe;ksa dks rduhdh Kku dh deh dh Hkkjh leL;k dk lkeuk djuk iM+rk gSA blls tqM+h nks leL;k,a gSaA lcls igys] xzkeh.k
m|eh rduhdh fodkl dh tkudkjh ds lkFk [kqn dks viMsV ugha j[krs gSaA nwljk] rduhdh dkS'ky ds fcuk deZpkjh vkSj deZpkjh mRikndrk
dks Hkh çHkkfor djrs gSaA
9- çf'k{k.k lqfo/kkvksa dk vHkko

xzkeh.k {ks=ksa esa çf'k{k.k vkSj dkS'ky fodkl lqfo/kkvksa dh deh Hkh ,d xaHkhj leL;k gSA xzkeh.k m|fe;ksa dks viuh mRikndrk dks c<+kus
ds fy, vius Jfedksa dks çf'kf{kr djus vkSj muds fodkl ls lEcafèkr dk;ZØe vk;ksftr djus esa leL;k;ksa dk lkeuk djuk iM+rk gS A
10- cqfu;knh lqfo/kkvksa dk fuEu Lrj

vkerkSj ij xzkeh.k {ks=ksa esa lM+dksa] lapkj lqfo/kkvksa vkSj fctyh dh vkiwfrZ dk Lrj ekud ls uhps gksrk gSA <kapkxr lqfo/kkvksa dk fuEu Lrj
xzkeh.k m|ferk ds fodkl dks ihNs NksM+ nsrk gSA
11- mRiknksa dh [kjkc xq.koÙkk

xzkeh.k {ks=ksa ds m|fe;ksa dks vius mRiknksa vkSj lsokvksa esa mPp Lrj ds ekud cuk, j[kuk csgn dfBu yxrk gSA baVjusV igqap dh deh
ds dkj.k o fu/kkZfjr ekudksa ds ckjs esa mfpr tkudkjh dk vHkko gksus ds dkj.k xq.koÙkk esa deh vkrh gS A muds ikl ekud midj.k vkSj e'khuksa
dh Hkh deh gksrh gSA
12- ldkjkRed vkSj çsjd okrkoj.k dh deh

vf/kdka'k ekeyksa esa] xzkeh.k m|eh Lo;a iSnk ugha gksrs gSa cfYd mUgsa ,sls ekgkSy esa yk;k tkrk gS tks m|e'khyrk dks c<+kok nsrk gSA ;qokvksa
dks m|e'khyrk ds fy, çksRlkfgr djus ds fy, lkekftd okrkoj.k] ikfjokfjd jhfr&fjokt] ijaijk,¡ vuqdwy ugha gSaA xzkeh.k {ks=ksa esa
m|e'khyrk ds voljksa ds ckjs esa tkx:drk vkSj Kku dh deh gSA
13- tksf[ke dk rRo 'kkfey

xzkeh.k m|eh vius led{kksa ds foijhr Hkkjh tksf[ke mBkus ds fy, vPNh rjg rS;kj ugh gksrs gS A foÙkh; lalk/kuksa] ØsfMV lqfo/kkvksa vkSj
ckgjh lgk;rk dh deh ds dkj.k xzkeh.k m|fe;ksa esa tksf[ke lgu djus dh {kerk de gksrh gS A

 xzkeh.k {ks=ksa esa m|fe;ksa dh reke dfe;ksa ds ckotwn] xzkeh.k {ks=ksa dh rkdr dk vkdyu djuk vkSj xzkeh.k {ks=ksa esa volj iSnk djuk
vko';d gSA
Hkkjr esa xzkeh.k m|ferk fodkl igy & ljdkjh ç;kl] uhfr;ka] ;kstuk,¡ vkSj laHkkouk,¡

ljdkjh ç;kl

[kknh vkSj xzkeks|ksx vk;ksx ¼dsohvkbZlh½ }kjk dk;kZfUor xzkeh.k jkstxkj l`tu dk;ZØe ¼dsohvkbZlh½ dsohvkbZlh dh udkjkRed lwph esa
fufnZ"V yksxksa dks NksM+dj lHkh O;ogk;Z xzke m|ksx ifj;kstukvksa dks 'kkfey djrk gSA cSadksa }kjk foÙkiks"k.k ds fy, lkr çeq[kksa ds rgr 119
xzkeh.k m|ksxksa dks fufnZ"V fd;k x;k gSA;s çeq[k [kfut vk/kkfjr m|ksx] ou&vk/kkfjr m|ksx] —f"k&vk/kkfjr vkSj [kk| m|ksx] cgqyd vkSj
jlk;u&vk/kkfjr m|ksx] bathfu;fjax vkSj xSj&ikjaifjd ÅtkZ] diM+k m|ksx ¼[kknh dks NksM+dj½ vkSj lsok m|ksx gSaA blds vykok  IRDP,
TRYSEM vkSj tokgj jkstxkj ;kstuk tSls xzkeh.k fodkl dk;ZØe y{; lewgksa vkSj xzkeh.k volajpuk lqfo/kkvksa ij /;ku dsafær dj jgs gSaAtehuh
Lrj ij varj&{ks=h; leUo; vkSj ;kstukc) laca/k etcwr gksus ds ladsr gSaA LoSfPNd ç;klksa dks Hkh mfpr ekU;rk fey jgh gS vkSj uhfr leFkZu
ds ek/;e ls ,d çksRlkgu çnku fd;k tk jgk gSA ljdkj dh dk;Z ;kstuk xzkeh.k fodkl ij jk"Vªh; lalk/kuksa dk vk/kk [kpZ djus dh bPNk
j[krh gSA
xzkeh.k vkS|ksxhdj.k dk;ZØe

xzkeh.k {ks=ksa vkSj 'kgjh {ks=ksa esa ,d yk[k rd dh vkcknh okys xSj&—f"k {ks= ¼,u,Q,l½ dh xfrfof/k;k¡ xzkeh.k vkS|ksxhdj.k dk;ZØe ds
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varxZr vkrh gSaA dk;ZØe ds rgr] y?kq] lw{e] y?kq vkSj e/;e esa fofuekZ.k vkSj lsok m|e LFkkfir djus ds fy, m|fe;ksa dks foÙkh; lgk;rk
vkSj çksRlkgu fn;k tkrk gSA

us'kuy cSad Q‚j ,xzhdYpj ,aM :jy MsoyiesaV ¼NABARD½ —f"k&m|ksxksa] lsjhdYpj vkSj xzkeh.k xSj&—f"k {ks= ds mRiknksa ds foi.ku ds fy,
iqufoZÙk çnku djrk gSsA 50]000 vkcknh rd ds LFkkuksa esa vU; m|ksxksa ds fy,] ukckMZ }kjk iqufoZÙk Loh—r fd;k tkrk gSA dqN vf[ky Hkkjrh;
cksMksaZ ¼tSls dsaæh; js'ke cksMZ d‚;j cksMZ] dsaæh; Åu cksMZ½ vkSj fudk;ksa tSls & dsohvkbZlh] vf[ky Hkkjrh; gFkdj?kk cksMZ] vkSj vf[ky Hkkjrh;
gLrf'kYi cksMZ }kjk doj fd, x, ikjaifjd m|ksxksa ds ek/;e ls fodsaæh—r vkS|ksfxd fodklA A ,d yk[k vkcknh rd ds xzkeh.k vkSj v/
kZ&'kgjh {ks=ksa esa fLFkr fctyh dj?kksa lfgr dbZ vU; —f"k] [kk| çlaLdj.k vkSj [kfut vk/kkfjr m|ksx Hkh bl dk;ZØe esa 'kkfey gSaA xzkeh.k
vkS|ksfxdhdj.k dk;ZØe esa m|ksxksa ds lewgksa dh igpku djds ,d ,dh—r –f"Vdks.k viuk;k tk jgk gSA mik;ksa ds iSdst esa fuEufyf[kr
'kkfey gks ldrs gSa & ØsfMV] çkS|ksfxdh mUu;u vk/kqfudhdj.k] çkS|ksfxdh gLrkarj.k] fu;kZr lfgr foi.ku tgka O;kogkfjd] cqfu;knh <kapk
fodkl] lkekU; lsok,a] dPps eky dh vkiwfrZ] vkfnA xzkeh.k vkS|ksxhdj.k ¼,uihvkjvkbZ½ ds fy, jk"Vªh; dk;ZØe dks DyLVj –f"Vdks.k dk
mi;ksx djrs gq, 1999&2000 ls 2004&2005 rd ikap o"kksaZ ds fy, ykxw fd;k x;k FkkA bl dk;ZØe dks ykxw djus esa 'kkfey laLFkku KVIC
vkSj vU; fodsUæh—r laxBu gSa] tSls y?kq m|ksx lsok laLFkku (SIVI)] NABARD vkSj SIDBIA
uhfr;ka vkSj ;kstuk,¡

Hkkjr ljdkj xzkeh.k m|ferk dks çR;{k ;k vçR;{k :i ls c<+kus ds fy, dbZ ;kstuk,¡ pyk jgh gSA ;s ;kstuk,a çR;{k ;k vçR;{k :i
ls xzkeh.k m|ferk dks c<+kok nsus esa enn djrh gSaA

1- Lojkstxkj ds fy, xzkeh.k ;qokvksa dk çf'k{k.k ¼TRYSEM½ ,d ,slh ;kstuk Fkh ftldk mís'; xzkeh.k xjhcksa dks 18&35 o"kZ dh vk;q esa
cqfu;knh rduhdh vkSj m|e'khyrk dkS'ky çnku djuk Fkk rkfd os vk; l`tu xfrfof/k;ksa dks viuk ldsaA bl ;kstuk dks vçSy] 1999 ls
IRDP,DWCRA vkfn ds lkFk Lo.kZt;arh xzke Lojkstxkj ;kstuk ¼,lth,lokbZ½ esa feyk fn;k x;kA

2- ,lth,lokbZ dk mís'; lkekftd lgk;rk] muds çf'k{k.k vkSj {kerk fuekZ.k vkSj vk; l`tu ifjlaifÙk;ksa ds çko/kku ds ek/;e ls xzkeh.k
xjhcksa dks Lo;a lgk;rk lewgksa ¼,l,pth½ esa laxfBr djuk gSA ,lth,lokbZ tksj nsdj dgrk gS fd fofHkUu xfrfof/k;ksa ds foÙkiks"k.k ds ctk;;
çR;sd Cy‚d dks dqN pqfuank xfrfof/k;ksa ¼çeq[k xfrfof/k;ksa½ ij /;ku dsafær djuk pkfg, vkSj bu xfrfof/k;ksa ds lHkh igyqvksa esa Hkkx ysuk
pkfg,] rkfd Lojkstxkfj;ka vius fuos'k ls LFkk;h vk; çkIr dj ldsaA

3- xzkeh.k {ks=ksa ds lrr fodkl ds fy, LoSfPNd laxBuksa vkSj ljdkj ds chp mHkjrh gqbZ lk>snkjh dks mRçsfjr vkSj lefUor djus ds fy,
uksMy ,tsalh ds :i esa ihiYl ,D'ku ,aM :jy VsDuksy‚th ¼CAPART½ dh mUufr ifj"kn dk xBu 1986 esa fd;k x;k FkkA
Hkkjr esa xzkeh.k m|ferk dh laHkkouk,¡

1- LFkkiuk dh de ykxr

'kgjh led{kksa ds eqdkcys xzkeh.k m|ferk dk ,d ykHk ;g gS fd xzkeh.k m|e dh LFkkiuk esa de ykxr vkrh gSA xzkeh.k m|eh bldk
ykHk mBk ldrs gSa vkSj viuk m|e 'kq: dj ldrs gSaA
2- Je dh csgrj miyC/krk

vf/kdka'k xzkeh.k vkcknh çR;{k ;k vçR;{k :i ls —f"k ls tqM+h gqbZ gSA Je 'kfä esa v/kZ&dq'ky vkSj vdq'ky nksuksa rjg ds etnwj 'kkfey
gSaA xzkeh.k m|eh }kjk çPNUu jkstxkj dh leL;k dk lek/kku fd;k tk ldrk gSSaA vfrfjä Jfed {kerk dks xzkeh.k m|eksa dh vkSj LFkkukarfjr
fd;k tk ldrk gSA xzkeh.k m|e'khyrk ds fy, lLrh nj ij Je cy çpqj ek=k esa miyC/k gSA ;gka rd fd 'kgjh {ks=ksa esa dke djus okys
xzkeh.k {ks=ksa ds etnwj Hkh xzkeh.k m|ferk esa 'kkfey gksus ij iqufoZpkj dj ldrs gSaA
3- LFkkuh; lalkèkuksa dh miycèrk a

miyC/k LFkkuh; dPps eky ij vk/kkfjr xzkeh.k m|e'khyrk ,d etcwr  fLFkfr esa gSA LFkkuh;  —f"k vk/kkfjr ;k [kfut vk/kkfjr dPpk
eky vklkuh ls miyC/k gks tkrk gS vkSj blesa Hkkjh ifjogu vkSj HkaMkj.k ykxr Hkh ugha vkrh gSA
4- mRiknu dh ykxr

mRiknu ds fy, vko”;d lk/ku( tSls& eky] Je vkfn lLrh nj ij miyC/k gks tkrs gSa] ftl dkj.k xzkeh.k m|e esa 'kkfey mRiknu dh
ykxr rqyukRed :i ls de gks tkrh gSA iwath vkSj LFkkuh; lalk/kuksa dk iw.kZ vkSj dq”kyrkiwoZd ç;ksx fd;k tk, rks xzkeh.k m|ksx ns”k ds
vkfFkZd fodkl esa egÙoiw.kZ Hkwfedk fuHkk ldrs gSaA
5- miyC/k lalk/kuksa dk loZJs"B mi;ksx

xzkeh.k {ks=ksa esa miyC/k lalk/kuksa ds b"Vre mi;ksx dh ftEesnkjh xzkeh.k m|ferk mBk ldrh gSA
6- ljdkjh lgk;rk vkSj uhfr;ka

dsaæ ljdkj vkSj jkT; ljdkjksa us Hkkjr esa xzkeh.k m|ferk ds fodkl dks ges'kk leFkZu vkSj c<+kok fn;k gSA ljdkjksa us uhfr;ka cukbZ gSa
vkSj xzkeh.k m|ferk dks c<+kok nsus ds fy, lfClfM;ka çnku dh gSaA jkT; xzkeh.k m|ferk ds egRo vkSj {kerk ls voxr gSA jkT; fuf'pr
:i ls xzkeh.k m|ferk dks c<+kok nsxkA ;g xzkeh.k m|ferk ds mEehnokjksa ds fy, ,d cgqr gh ldkjkRed laHkkouk gSA
fu"d"kZ
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xzkeh.k m|ferk Hkkjr ds vkfFkZd fodkl esa fo'ks"k :i ls xzkeh.k vFkZO;oLFkk esa ,d egRoiw.kZ Hkwfedk fuHkkrh gSA ;g xzkeh.k {ks=ksa esa de
iwath ds lkFk jkstxkj ds volj iSnk djus] yksxksa dh okLrfod vk; c<+kus] çPNUu csjkstxkjh dks de djus] xjhch dks de djus] çoklu] vkfFkZd
fo"kerk dks de djds —f"k ds fodkl esa ;ksxnku nsus esa enn djrk gSA tSls&tSls tula[;k c<+sxh] oSls&oSls Hkwfe ij ncko c<+rk tk,xk vkSj
—f"k c<+rh gqbZ Je “kfDr dks iw.kZ jkstxkj ugha ns ik,xhA xzkeh.k m|ferk fodkl'khy ns'k dks fodflr jk"Vª esa cnyus dk rjhdk gSA blfy,
ykHkdkjh jkstxkj iSnk djus rFkk xzkeh.k vkSj 'kgjh {ks=ksa ds chp c<+rh vlekurkvksa dks de djus ds lanHkZ esa xzkeh.k m|ferk dks c<+kok nsuk
vR;ar egRoiw.kZ gSA bl çdkj xzkeh.k m|ferk xzkeh.k vkSj fiNM+s {ks=ksa ls tqM+h xjhch] iyk;u] vkfFkZd fo"kerk] csjkstxkjh vkSj vYijkstxkj
dh leL;kvksa dk jkeck.k bykt gks ldrk gSA oS'ohdj.k ds ;qx esa] xzkeh.k lanHkZ esa m|ferk fodkl ,d pqukSrh gSA xzkeh.k {ks=ksa ds mRFkku
ds fy, ljdkj dks xzkeh.k m|ferk fodkl ;kstukvksa vkSj dk;ZØeksa dk ewY;kadu djuk pkfg,A xzkeh.k fodkl dk;ZØeksa esa cqfu;knh <kaps ds
fodkl] f'k{kk] LokLF; lsokvksa] —f"k esa fuos'k vkSj xzkeh.k xSj&—f"k xfrfof/k;ksa dks c<+kok nsuk pkfg, ftlesa efgyk,a vkSj xzkeh.k vkcknh [kqn
dks 'kkfey dj ldsaA xzkeh.k {ks=ksa esa O;ogk;Z fodkl ykus ds fy, LFkkuh; lalk/kuksa ds lkFk LFkkuh; tu'kfä dk foosdiw.kZ feJ.k vko';d
gSA
lanÒZ&

https://censusindia.gov.in/census.website/

https://msme.gov.in/

https://ngosindia.com/capart-council-for-advancement-of-peoples-action-and-rural-technology/

https://www.india.gov.in/topics/industries/micro-small-medium-enterprises

https://www.kvic.gov.in/

https://www.nabard.org/

https://www.sidbi.in/en


	Effect of La3+ doping concentration on the structural, electrical, dielectric, and magnetic properties of α-Fe2O3 nanoparticles
	Abstract
	1 Introduction
	2 Experimental details
	2.1 Materials and synthesis
	2.2 Characterizations

	3 Results and discussion
	3.1 XRD analysis
	3.2  FESEM and EDS analysis
	3.3 FTIR analysis
	3.4  Temperature-dependent resistivity analysis
	3.5 Dielectric analysis
	3.6 VSM analysis

	4 Conclusions
	Acknowledgements 
	References

	Abstract
	Introduction
	Materials and methods
	Sample preparation
	Instrumentation

	Results and discussion
	XRD analysis
	FTIR analysis
	SEM analysis
	TGA–DTG analysis

	Conclusions
	Acknowledgement
	Disclosure statement
	Notes on contributors
	References

	Structural, thermal and magnetic investigations of cobalt ferrite doped with Zn2+ and Cd2+ synthesized by auto combustion method
	Introduction
	Materials and methods
	Synthesis of Co1-xZnxFe2O4 and Co1-xCdxFe2O4Ferrites
	Characterization techniques

	Results and discussion
	DTA-TGA analysis
	XRD analysis
	FTIR analysis
	TEM analysis
	VSM analysis

	Conclusions
	Acknowledgement
	Supplementary data
	References

	Ce doping induced modifications in structural, electrical and magnetic behaviour of hematite nanoparticles
	1 Introduction
	2 Experimental details
	2.1 Synthesis
	2.2 Characterizations

	3 Results and discussion
	3.1 XRD analysis
	3.2 FTIR analysis
	3.3 Raman spectroscopy
	3.4 FE-SEM analysis
	3.5 Resistivity measurements
	3.6 Magnetic measurements

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgements
	References


