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Abstract
In this work, Y,_ Bi,Al, sFe, s0,, nanoparticles in powder form with composition x=0.0, 0.5, 1.0,1.5 and 2.0 were fabri-

cated by a sol-gel auto-combustion technique and calcined at 1150 °C for 10 h. The analysis of X-ray diffraction patterns
using Rietveld refinement suggests that Bi-substituted yttrium aluminum iron garnet (YAIG) samples crystallize in cubic
structure with Ia-3d space group. The average size of crystallite of the samples calculated by the Scherer formula is found
in the range of 19-24 nm which are in consistent with that of measured from Williamson—Hall curve. The absorption bands
in Infrared spectra corresponding to garnet are shift to lower frequency with the increase of the Bi** concentration. Raman
spectroscopy shows the non-vibrational behavior of Bi-substituted YAIG due to the excitation of Y>* ions from the ground
energy level. The morphology of the samples is observed by transmission electron microscopy and field emission scanning
electron microscopy which showed most of the particles and grains are in spherical shape. The energy dispersive X-ray
(EDS) spectra confirmed the elemental compositions of the selected sample. In UV-Visible spectroscopy, transparency of
the samples decreases with increasing in Bi** ions substitution in YAIG. The saturation magnetization (Ms) decrease from
the 14.59 to 2.25 emu/g with the increase in Bi** ions concentration, whereas, the values of coercivity (Hc) and retentivity
(M) are very low. DC resistivity as a function of temperature shows the semiconducting nature of the synthesized samples
and its decreased from 6.17x 10° to 0.06 x 10% Q-cm with the addition of Bi>* ions.

1 Introduction

YIG and doped YIG’s are ferrimagnetic materi-
als which crystallizes in the cubic crystal structure
with space group Ia3d and having ionic distribution
[Y5**1°[Fe,**]2(Fe;> )0, ,. The rare earth Y>* ions occupy
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material for spintronic devices due to its excellent gyromag-
netic, ferromagnetic and magneto-optical properties [5].

The different cations can be substituted in YIG at the
dodecahedral site to change their structural and mag-
netic properties for the specific applications in different
fields [6—8]. Wu et al. investigated the change in struc-
tural and magnetic properties by substituting the Lantha-
num in YIG [9]. Arsad and Ibrahim [10] studied the effect
of the Ce*" ions on Dy doped yttrium iron garnet. They
observed an increase of Ce contents in Dy doped YIG,
the value of ‘Ms’ decreases, this is because of the weak
ferromagnetic exchange interaction occurred between
a and d sites. Lee et al. [11] observed that IR absorption
bands of Bi,Y,_,Fe;O, (x=0, 1, 2) shift according to Bi
concentration.

YIG and substituted YIG are much attracting due to its
applications in magneto-optical, microwave devices, lasers,
and electrical devices. The replacement of Y>* ions with
the Bi** ions lower the annealing temperature for the for-
mation of the YIG phase. However, AI*" ion substitution
in yttrium iron garnet decreases the magnetization which
has potential applications in low microwave frequency
devices [12, 13]. This result highlights on phase forma-
tion of Bi-substituted YAIG at lower annealing temperature
and to decrease the magnetic parameters for their specific
applications. Our main aim in this research is to synthesize
Y,_,Bi Al sFe, sO,; nanoparticles with a high degree of
substitution of bismuth using the sol-gel auto-combustion
technique. It could be interesting to study the effect of Bi**
addition on the properties of YAIG with replacement of Y**
ions, and there is no literature available on such composi-
tion. Further, this is early attempt to study the structural,
magnetic, optical, electrical and spectroscopic properties
ul Bi vubutitulod YAIG (Y, Bi Al Fus (O 0.0, 0.5,
1.0, 1.5 and 2.0) fabricated by the sol-gel auto-combustion
technique which could be helpful for further research for

device application.

2 Experimental procedure
2.1 Sample preparation

Yttrium (III) nitrate hexahydrate [Y(NO,);-6H,0]
(Sigma-Aldrich, 99.9%), Ferric(III) nitrate nonahydrate
[Fe(NO;)5-9H,0] (Acros, 99.9%), Bismuth (IIT) nitrate
pentahydrate [Bi(NO,);-5H,0] (Acros, 99.9%), Aluminum
nitrate nonahydrate (IIT) [AI(NO;);-9H,0] (Acros, 99.9%)
and citric acid monohydrate (Acros, 99.9%) were used
for the synthesis of Bi-substituted aluminum doped YIG
(Y;_,Bi Aly sFe, sO,,; x=0.0, 0.5, 1.0, 1.5, 2.0) nanopar-
ticles. The requirod amount of tho nitratoo with their weight
proportion were dissolved and mixed in 100 mL distilled

water to obtain the precursor solution of Bi-substituted
YAIG. Citric acid was added to chelate Y**and Fe** in
the solution. This mixture was continuously stirred using
a magnetic stirrer and evaporated by heating at around
80-90 °C until the viscous gel was formed. The viscous gel
heated at around 250 °C led to the combustion of the gel
and converted into fine ash. The as-prepared samples were
compressed in right-circular cylindrical pellets under 5-ton
pressure. On the basis of thermo gravimetric analysis, all the
samples were calcined at 1150 °C in air atmosphere for 10 h.
The chemical reaction of these nitrates and citric acid which
forming Bi-substituted YAIG is as bellow,

(3 —x)Y (NO,), - 6H,0 + xBi(NO,); - 5H,0
+4.5Fe (NO;), - 9H,0 + 0.5 AI(NO;), - 9H,0
+ 8C4HgO, - HO — Y3, Bi AlysFe, s0),
+HNO, 1 +H,0 1 +CO, 1

1)

2.2 Characterization

Room temperature XRD patterns were used to study the
structural parameter by employing Rietveld refinement
with the help of Fullprof software. Morphology, grain size,
and shape of the synthesized samples were studied by FE-
SEM (MIRA-3 LMH, JEOL JSM-6360) and transmission
electron microscopy (TEM, Philips CM-200). The composi-
tion and stoichiometry of the middle sample was determined
by EDAX(INCA Oxford, attached to the FE-SEM). Room
temperature magnetic hysteresis loops of the samples for
applied fields 2 T were recorded by vibrating sample mag-
netometer (VSM). The variation of DC resistivity with tem-
perature for the samples was carried out by using two probe
experimental set-up.

3 Result and discussion
3.1 Structural analysis

The XRD pattern (black solid circle) with Rietveld refined
data (red solid line) of Bi-substituted YAIG nanoparticles
is shown in Fig. 1. All the samples crystallize in cubic
YAIG with space group Ia-3d. It is observed from Fig. 1
that the single phase YAIG is formed for x =0.0 and
x =0.5, whereas for x> 0.5 YAIG is formed with some
mixed phases of Bi,O; and YBFO (Y, Bi,_,FeO,). In Bi-
substituted YIG, secondary phases were observed when
bismuth has excessive composition [11, 14]. The typical
reliability Rietveld refinement factors like expected R-fac-
tors (chp) and weighted profile R-factors (RWP) are sum-
marized in Tablo 1. Tho lattico paramotor (a) rofinod from
the Rietveld refinement is given in Table 1. The lattice

_@_ Springer
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Fig.1 Rietveld refined XRD patterns of Y;_,Bi Al sFe, sO,, powder
samples annealed at 1150 °C for 10 h

parameter increases from 12.34 to 12.37 A for x=0.5, this
is due to the difference in size of Bi** and Y>* ions. For
x> 0.5, the lattice parameter decreases randomly due to
the secondary phases observed in the XRD pattern.

The crystallite sizes of the Bi-substituted YAIG were
calculated from the most intense peak (420) of XRD data
and by employing Debye—Scherer equation [15]:

KA

- fcos@ @)

where P is full width at half maximum intensity, A is a wave-
length of incident X-ray and K is shape factor having value
of 0.9. The values of crystallite size with respect to the Bi
concentration are given in Table 1. It is observed that crys-
tallite size increases for x =0.5. Furthermore, crystallite size
decreases with increasing Bi concentration. The average
crystallite size of the samples was in the range of 19-24 nm.

3.2 Williamson-Hall analysis

In order to investigate the microstrain in the prepared sam-
ples, strain and size of the nanoparticles was measured by
the Williamson—Hall method assuming uniform deforma-
tion model (UDM). The strain induced in nanocrystals was
calculated by the formula [16]:

_ B
6—4tan€ 3)

From Egs. (2) and (3), total broadening can be written as

K1

=4etané +

WS tean Dcos8 “)
This equation can be rewrite as

ﬂcos&:4esin9+%’1 5)

On the basis of these equations, we have determined
4sin0@ versus PcosB (Fig. 2). The slope of 4sinb versus fcoso
gives the strain induced and y-intercept gives the size of the
nanocrystals of Bi-substituted YAIG. The values of strain
and crystallite size measured from the W-H curve are listed
in Table 1. For x=0.0, a line of fit is approximately parallel
to the X-axis which reflects the absence of microstrain in the
sample. For rest of the samples, the slope of the line of fit is
positive which shows the tensile strain induced in the crystal
of the Bi-substituted YAIG samples. The values of tensile
strain are increase from e=0 to 16.5 x 10~* with the increase
in Bi** ions in YAIG. This is because of the substitution of
Bi>* ions having a larger ionic radius than the Y3* ions in
YAIG which expanding the crystal lattices [16]. The size of
crystaJlite measured from the y-intercept for pure YAIG is
22.40 nm and then it increases for x=0.5 up to 23.58 nm.
The increase of crystallite size is due to the enhancement
of crystallinity or growth of crystal by the substitution of
Bi** ions for this composition [17]. For x > 1.0, crystallite
size decreases with the increase in the Bi composition due
to the presence of secondary phases or solubility limit of Bi
in YAIG. Values of crystallite size estimated from the W—H

Table 1 Structufal Composition Lattice param- ex R,, Crystallite size (nm) Strain
parameters obtained from x) eter ( A) k R ex 1074
Rietveld Refinement and Scherrer formula W-H method
Geometric parameters of (UDM)
Y;_Bi,AlysFe, 50, (x=0.0,
0.5, 1.0, 1.5, 2.0) nanoparticles 0.0 12.34 7.32 19.7 22.90 22.40 0
0.5 12.37 8.48 22.9 23.39 23.58 1.52
1.0 12.32 7.77 23.7 21.24 21.40 1.80
1.5 12.33 7.74 29.8 19.17 20.70 1.95
2.0 12.26 4.08 18.3 18.26 20.60 16.8
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Fig.3 FT-IR spectra of Y;_,Bi,Al, sFe, sO,, powder samples

curve are in good agreement with values calculated from the
Scherer formula.

3.3 Spectroscopic analysis

Figure 3 shows FTIR transmittance spectra of the
Y;_,Bi,Al, sFe, 5O, powders which were measured in
the range of 500—4000 cm™~! at room temperature. These
FT-IR spectra shows three absorption peaks at 561,
597, 778 cm~! for x=0.0. This high-frequency band is
ascribed to the vibration in the tetrahedral Fe—-O bond.
The absorption bands corresponding to a garnet shift to
lower frequency with an increase of Bi** concentration.

These absorption bands appeared at 558, 594, 775 cm™*
for x=2.0. The shift of peak towards lower frequency is
due to the decrease in the Fe—0 bond strength [18]. A peak
observed around the 1400 cm™! is related to the NO*~ radi-
cals. These results are consistent with our observation of
the XRD analysis that shows a structural transition in YIG
as a function of Bi** concentration.

Raman spectra of Bi-substituted YAIG samples meas-
ured at room temperature are shown in Fig. 4a and b.
There are 25 allowed Raman active modes in yttrium iron
garnet according to group theory [19]. Figure 4a shows
the Raman spectra in the range of 50 to 4000 cm™! for
different composition of Bi** ions in YAIG. Approxi-
mately all Raman active modes present in all the pre-
pared samples. All the samples show a broad band around
2200 to 3300 cm™! with few maximum intensity peaks.
These high-intensity peaks are located at 2670, 2866 and
3025 cm™! for x =0.0, whereas for x > 0.0, intensity of
peaks decreases with increasing Bi** ions in YAIG. This
is the non-vibrational behavior of Bi-substituted YAIG
due to the excitation of Y3+ ions from the ground energy
level. The similar results of non-vibrational behavior are
observed in lanthanide sesquioxides and ugrandite garnet
due to the excitation of different ions [20, 21]. Figure 4b
shows the expanded view of Raman spectra in the range
of from 100 to 900 cm™" for different composition of Bi**
ions in YAIG. The peak observed around 273 cm™! is
associated with internal vibrations of the molecular group
FeO,. The peak observed at 273 cm™' for x=0.0 is due to
the translational motion of dodecahedral site. This peak
shift towards lower frequency from 273 to 272 cm™! for
x=0.5, whereas for x> 0.5, peak shifts towards the higher

(a)OA

(=4
w
L

Raman Intensity (arb. unit)
|
] . i
; ) = ¢

Raman Intensity (arb.unit)
=] =
- N
1 1

0.0 -
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Fig.4 a FT-Raman spectra, b expanded plots of Y,_ Bi, Al, sFe, sO,, powder sample
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frequency from 272 to 292 cm™'. This behavior is related
to the variation in lattice parameter which increases for
x=0.5 and decreased thereafter with Bi-concentration.

3.4 Morphological analysis

The typical FE-SEM image of the prepared
Y,Bi Al sFe, 5O, powder revealed its phase and micro-
structure. The morphology and its corresponding EDAX
spectra of the middle sample (x=1.0) are shown in Fig. 5 a
and b respectively. The average grain sizes of the nanopar-
ticles observed from the FE-SEM image are in the range of
300400 nm. The particle size depends on different factors
such as sintering temperature, porosity and grain boundary
[22]. The image of the sample exhibits most of the grains
are spherical in shape.

The chemical composition and stoichiometric proportions
of the typical samples of Y,B1,Al, sFe, sO,, garnet nanopar-
ticles were confirmed by energy dispersive analysis (EDAX).
The spectrum verified the existence of elements Fe, Y, O,
Bi and Al which is an evidence for phase of Bi-substituted
YAIG. The compositional percentage of all the ions obtained
by the EDAX pattern is shown in the inset of EDAX fig-
ure. From this inset table, it is clear that the theoretical and
observed atomic percentage of Y>*, Bi**, AI**, Fe**, and
0% are in close agreement with each other. All the elements
exist in Y,Bi, Al sFe, s0O,, are in good stoichiometric pro-
portions with an error of 2-3%.

To get more insight on the morphology of the prepared
Bi-substituted YAIG samples, the TEM image of the middle
sample (x=1.0) is shown in Fig. 6. The particles observed
from TEM are agglomerated and it is difficult to estimate
the exact particle size and shape. However, the particle sizes
observed from TEM are within the range of 90—150 nm. The
process of agglomeration of particles is due to the magnetic
interaction among the nanoparticles [23] since yttrium iron
garnet is a ferromagnetic material.

Fig.6 TEM image of Y,Bi Al sFe, 50,

3.5 Optical properties

The transmittance spectra of Bi-substituted YAIG for all
the samples are shown in Fig. 7a by converting absorbance
data and using Beer’s law, I = Iye~* [24]. Figure 6a shows
that the transmittance is close to 30% in the ultraviolet
region for pure YAIG. In visible region, it decreases to 8%.
Transparency of the samples decreases with increasing the
Bi3* ions in YAIG due to the roughness and irregular grain
boundary [25].

Figure 7b shows the variation of absorption coefficient
squared as with photon energy to determine the optical
band gap energy of nanoparticles. The optical band gap
energy for x=0.0 is 4.03 eV, it decreases to 3.75 eV for
x=0.5 due to the intrinsic electronic transitions in the
lattice [26-28]. After x=1.0, it again increases with the
increase in Bi-substitution. This non-linear behavior may
be due to the secondary phase observed at the higher con-
centration of Biin YAIG.
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Fig.5 a FE-SEM image and b energy dispersive X-ray spectroscopy spectra of Y,Bi  Alj sFe; 5O,
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sample annealed at 1150 °C for 10 h

3.6 Magnetic properties

In order to study the Bi** substitution effect on the magnetic
properties of YAIG, M-H hysteresis loops were recorded by
using the vibrating sample magnetometer under the applied
magnetic field of 2 T at room temperature. Figure 8 shows
the hysteresis loops for all the samples have fine narrow ‘s’
shape which indicates the soft magnetic behavior. Figure 9
shows the variation of saturation magnetization with the Bi
concentration. The Saturation magnetization (Ms) decreases
from 14.59 to 2.25 emu/g with the increase in Bi** concen-
tration in YAIG. The substitution of Bi** into Y>* changes
the magnetic structurc of the sample. The Bi** ions prefer
the dodecahedral sites and AI’* ions prefer the tetrahedral

@_ Springer
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sites. Thus, ionic distribution structure can be represented
by [Y3*, Bi**]c[Fe,**]a(Fel; AI3)dO,,. In this distribu-
tion, both Y** and Bi** jons are non-magnetic ions which
indicate that the substitution does not change the number of
magnetic sub-lattices. The Bi** substitution will distort the
magnetic structure of Fe>* jons on octahedral a-sites and
tetrahedral d-sites because of the radius of Bi** (1.17 /f\) is
larger than the radius Y>* (0.9 A). Magnetic properties of
garnet materials are largely depend upon the super-exchange
interactions and cation position [29-31]. The strongest
super-exchange interactions occur in Fe** (a)—0* —Fe**
(d) which is a common feature of all iron garnets. The micro-
scopic structurc distortion on a- and d-sites decreases the
super-exchange interaction. The decrease in super-exchange
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Table 2 Saturation magnetization, coercivity, remanence magnetiza-
tion and magneton number for Y,_,Bi,Al, sFe, sO,, (x=0.0, 0.5, 1.0,
1.5, 2.0) nanoparticles

Com- Saturation Coercivity Remanence  magneton
position magnetization (Oe) magnetiza-  number (ng)
(x) (emu/g) tion

0.0 14.59 1.8069 0.18 1.89

0.5 13.78 5.7920 0.55 1.93

1.0 10.44 1.6584 0.12 1.58

1.5 07.97 3.2920 0.16 1.29

2.0 02.25 10.5940 0.16 0.39

interaction decreases the saturation magnetization. This
result is similar to Gd-YIG [32] and Tb-YIG [33].

Saturation magnetization, coercivity (Hc), remanence
magnetization (Mr) and magneton number (ng) are listed
in Table 2. It is found that coercivity and remanence mag-
netization of all the samples are very low. The values of
coercivity lie between 1.8 and 10.6 Oe and remanence mag-
netization lies in 0.12-0.55 emu/g. The Bohr magneton num-
ber ‘np’ (saturation magnetization per formula unit in Bohr
magneton in pg of the synthesized samples is calculated with
the help of saturation magnetization value (M) obtained
from hysteresis loop [34].

molecular weight XM,
n =
# 5585
The values of Bohr magneton number (shown in Table 2)
are decreases with increase in Bi** ions in YAIG due to the
decrease in magnetic interaction.

(6)

3.7 Electrical properties

The nanoparticles of Y5_,Bi, Al, sFe, sO, (x=0.0, 0.5, 1.0,
1.5, 2.0) were pressed into a circular pellet of dimensions
~10 mm X 4 mm. For good Ohmic contact, silver paste was
surfaced on both the faces of pellets. The DC resistivity for
all the prepared garnet samples was measured in the tem-
perature range of 300-700 K using two-probe experimental
setup. Figure 10 shows the variation of DC resistivity with
respect to temperature for all the composition of Bi-sub-
stituted yttrium aluminum iron garnet samples. The graph
shows that electrical DC resistivity decreases with tempera-
ture for all the samples which reflects the semiconducting
behavior. The DC resistivity of the garnet samples decreases
from 6.17 x 10° to 0.06 x 10° Q-cm with increasing the Bi**
ion substitution in YAIG. The temperature dependence of
DC electrical resistivity is according to the hopping con-
duction mechanism [35, 36], which attribute the increase in
conductivity due to the electron hopping between the charge
carriers. Substitwted non-magnetic Bi** ions in place of Y°*
take part in the conduction process. The hopping process

10
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Fig. 10 Variation of electrical resistivity (p) with temperature (7) of
Y;.xBisAlp sFes 50,

between the Fe**/Fe3* and between the Bi>*/Bi** increases
[37]. Thus, conductivity increases and the DC electrical
resistivity decrease.

4 Conclusions

Rietveld refinement shows that it is possible to replace Y+
ions by the Bi** ions in yttrium aluminum iron garnet up
to the composition x =0.5. After this composition, second-
ary phases are observed due to the solubility limit of Bi**
ions in yttrium aluminum iron garnet. In this study, single
phase Bi-substituted YAIG is formed for x <0.5, whereas a
weak Bi1,0; phase along with another secondary phase of
YBFO are observed for x> 0.5. The calculated average crys-
tallite size of nanoparticles was estimated within the range
of 19-24 nm. Values of crystallite size estimated from the
W-H curve are good agreement with the values calculated
from the Scherer formula. The characteristics IR spectra of
YAIG shift towards the lower frequency shows the Bi** ions
effect on YAIG. The nanoparticles observed from FE-SEM
and TEM shows Bi-YAIG produced in nano-sized form.
Values of Ms are decreased with Bi concentration due to
the occurrence of weak ferromagnetic exchange interaction
between a—d sites, which is ascribed to the lattice distortion
in the crystal. Values of ‘Hc’ and ‘Mr’ are very low suggest-
ing soft ferrimagnetic nature. The variation in DC resistivity
with temperature shows the semiconducting nature for each
sample and it decreases with the increase in Bi** ion sub-
stitution in YAIG, and is related to the hopping process of
ions. The samples with x < 1.0 exhibit outstanding properties
such as high crystallization, soft magnetic nature, optical,

@ Springer
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and electrical properties which have potential application for
communication, microwave, and magneto-optical devices.

Acknowledgements Authors are thankful to Tata Institute of Funda-
mental Research (TIFR), Mumbai and SAIF, Indian Institute of Tech-
nology Madras (IITM), Chennai for providing the VSM and FT-Raman
measurement facilities.

References

1.

10.

11.

12.

13.

14.

B. Deka, S. Ravi, D. Pamu, Impedance spectroscopy and ac con-
ductivity mechanism in Sm doped yttrium iron garnet. Ceram. Int.
43, 10468-10477 (2017)

T.C. Mao, J.C. Chen, Influence of the addition of CeO, on the
microstructure and the magnetic properties of yttrium iron garnet
ceramic. J. Magn. Magn. Mater. 302, 74-81 (2006)

S. Geller, I. Remeika, R. Sherwood, H. Williams, G. Espinosa,
Magnetic study of the heavier rare-earth iron garnets. Phys. Rev.
137, A1034 (1965)

D. Rodié, A. Szytuba, Z. Tomkowicz, M. Guillot, H. Le Gall,
Temperature dependence of lattice constants and thermal expan-
sion coefficient of terbium-yttrium ferrites garnets. J. Magn.
Magn. Mater. 75, 79-87 (1988)

L. Liu, Y. Suwa, S. Sato, Y. Nakasone, M. Nishi, G.T. Dang, E.K.
Pradeep, T. Kawaharamura, Incorporation of yttrium to yttrium
iron garnet thin films fabricated by mist CVD. Jpn. J. Appl. Phys.
56(48S), 42 (2017)

R.B. Borade, S.E. Shirsath, G. Vats, A.S. Gaikwad, S.M. Patange,
S.B. Kadam, R.H. Kadam, A.B. Kadam, Polycrystalline to pre-
ferred-(100) single crystal texture phase transformation of yttriam
iron garnet nanoparticles. Nanoscale Adv. 1(1), 403—413 (2019)
X. Haitao, H. Yang, X. Wui, Yu. Lianxiang, Magnetic properties
of Bi-doped Y,Fe;0O,, nanoparticles. Curr. Appl. Phys. 8, 1-5
(2008)

L. Jin, Y. Wang, L. Guangduo, J. Li, Y. He, Z. Zhong, H. Zhang,
Temperature dependence of spin-wave modes and Gilbert damp-
ing in lanthanum-doped yttrium-iron-garnet films. AIP Adv. 9,
025301 (2019)

H. Wu, F. Huang, T. Xu, R. Ti, X. Lu, Y. Kan, X. Lv, W. Zhu,
J. Zhu, Magnetic and magnetodielectric properties of Y;_, La x
FesO,, ceramics. J. Appl. Phys. 117(14), 144101 (2015)

A. Arsad, N. Ibrahim, The effect of Ce doping on the structure,
surface morphology and magnetic properties of Dy doped-yttrium
iron garnet films prepared by a sol-gel method. J. Magn. Magn.
Mater. 410, 128-136 (2016)

H. Lee, Y. Yoon, H. Yoo, S.A. Choi, K. Kim, Y. Choi, H.
Melikyan, T. Ishibashi, B. Friedman, K. Lee, Magnetic and FTIR
studies of Bi Y,_, FesO,, (x=0, 1, 2) powders prepared by the
metal organic decomposition method. J. Alloys Compd. 509,
9434-9440 (2011)

Aakansha, S. Ravi, Structural, magnetic and dielectric proper-
ties of Cr substituted yttrium iron garnets. J. Am. Ceram. Soc.
101(11), 50465060 (2018)

O. Opuchovic, S. Culunlu, A.U. Morkan, L.A. Morkan, D. Niznan-
sky, E. Garskaite, A. Beganskiene, A. Kareiva, Structural, mor-
phological, and magnetic characterization of bulk and thin films
Y;Al5_, Fe x O, (YAIG): from the perspective of aqueous sol—gel
processing. Chem. Eng. Commun. 204(9), 1037-1048 (2017)

K. Matsumoto, K. Yamaguchi, T. Fujii, A. Ueno, Preparation of
bismuth-substituted yttrium iron garnet powders by the citrate gel
process. J. Appl. Phys. 69, 5918-5920 (1991)

V.K. Maunde, D.N. Bhoyar, S.K. Vyawhare, K.M. Jadhav,
Effect of Zn**—Cr**substitution on structural, morphological,

@ Springer

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

magnetic and electrical properties of NiFe,O, ferrite nanopar-
ticles. J. Mater. Sci. 29, 15259-15270 (2018)

C. Murugesan, G. Chandrasekaran, Impact of Gd** substitution
on the structural, magnetic and electrical properties of cobalt
ferrite nanoparticles. RSC Adv. 5, 73714-73725 (2015)

R. Tholkappiyan, K. Vishista, Tuning the composition and mag-
netostructure of dysprosium iron garnets by Co-substitution:
an XRD, FT-IR, XPS and VSM study. Appl. Surf. Sci. 351,
1016-1024 (2015)

P.B.A. Fechine, E.N. Silva, A.S. de Menezes, J. Derov, J.W.
Stewart, A.J. Drehman, LF. Vasconcelos, A.P. Ayala, L.P. Car-
doso, A.S.B. Sombra, Synthesis, structure and vibrational prop-
erties of GdIGy:YIG1-x ferrimagnetic ceramic composite. J.
Phys. Chem. Solids 70, 202-209 (2009)

R. Pena-Garcia, A. Delgado, Y. Guerra, G. Duarte, L.A.P. Gon-
calves, E. Padrén-Herndndez, The synthesis of single-phase
yttrium iron garnet doped zinc and some structural and mag-
netic properties. Mater. Res. Express 4, 016103 (2017)

T. Biljan, S. Roncevic, Z. Meié, K. Kovaé¢, Non-vibrational
features in NIR FT-Raman spectra of lanthanide sesquioxides.
Chem. Phys. Lett. 395, 246-252 (2004)

T. Moroz, A. Ragozin, D. Salikhov, G. Belikova, V. Puchkov, H.
Kagi, Micro-Raman spectra of ugrandite garnet. Spectrochim.
Acta A. 73, 436439 (2009)

X.H. Wang, P.L. Chen, . W. Chen, Two-step sintering of ceram-
ics with constant grain-size, I. Y,0;.J. Am. Ceram. Soc. 89,
431-437 (2006)

S.M. Asgarian, S. Pourmasoud, Z. Kargar, A. Sobhani-Nasab,
M. Eghbali-Arani, Investigation of positron annihilation life-
time and magnetic properties of Co,_,CuxFe,0, nanoparticles.
Mater. Res. Express 6(1), 015023 (2018)

F.W. Aldbea, N.I. Ahmad, N.B. Ibrahim, M. Yahya, Effect of
increasing pH value on the structural, optical and magnetic
properties of yttrium iron garnet films prepared by a sol-gel
method.”. J. Sol-Gel. Sci. Technol. 71, 31-37 (2014)

Y. Li, L. Xu, X. Li, X. Shen, A. Wang, Effect of aging time of
ZnO0 sol on the structural and optical properties of ZnO thin
films prepared by sol-gel method. Appl. Surf. Sci. 256, 4543—
4547 (2010)

M.C. Onbasli, L. Beran, M. Zahradnik, M. Kudera, R. Antos,
J. Mistrik, G.F. Dionne, M. Veis, C.A. Ross, Optical and mag-
neto-optical behavior of cerium yttrium iron garnet thin films
at wavelengths of 200-1770 nm. Sci. Rep. 6, 23640 (2016)
S.M. Peymani-Motlagh, A. Sobhani-Nasab, M. Rostami, H.
Sobati, M. Eghbali-Arani, M. Fasihi-Ramandi, M.R. Ganjali,
M. Rahimi-Nasrabadi, Assessing the magnetic, cytotoxic and
photocatalytic influence of incorporating Yb 3+ or Pr 3+ ions
in cobalt—nickel ferrite. J. Mater. Sci. 30(7), 6902—-6909 (2019)
A. Sobhani-Nasab, M. Behpour, M. Rahimi-Nasrabadi,
F. Ahmadi, S. Pourmasoud, New method for synthesis of
BaFe,,0,4/Sm,Ti,0, and BaFe ,0,¢/Sm,Ti,0,/Ag nano-hybrid
and investigation of optical and photocatalytic properties. J.
Mater. Sci. 30, 58545865 (2019)

L. Wang, Z. Huang, H. Zhang, R. Yu, Phase and magnetic prop-
erties evolutions of Y3—x (CaZr)xFe5 —x012 by the sol-gel
method. J. Magn. Magn. Mater. 395, 73-80 (2015)

M. Rahimi-Nasrabadi, M. Behpour, A. Sobhani-Nasab, S.M.
Hosseinpour-Mashkani, ZnFe,_,La, O, nanostructure: synthe-
sis, characterization, and its magnetic properties. J. Mater. Sci.
26(12), 9776-9781 (2015)

M. Rahimi-Nasrabadi, M. Behpour, A. Sobhani-Nasab, M.R.
Jeddy, Nanocrystalline Ce-doped copper ferrite: synthesis, char-
acterization, and its photocatalyst application. J. Mater. Sci.
27(11), 11691-11697 (2016)



Journal of Materials Science: Materials in Electronics (2019) 30:19782-19791

19791

32. Z.Cheng, H. Yang, L. Yu, Y. Cui, S. Feng, Preparation and mag- 36.

netic properties of Y;Fe sO,, nanoparticles doped with the gado-
linium oxide. J. Magn. Magn. Mater. 302, 259-262 (2006)

33. F.W. Aldbea, N.B. Ibrahim, M.H. Abdullah, R.E. Shaiboub, Struc- 37.

tural and magnetic properties of Tb x Y 3—x Fe 5 O 12 (0< x<
0.8) thin film prepared via sol-gel method. J. Sol-Gel Sci. Tech-

nol. 62(3), 483-489 (2012)

M. Ajmal, A. Magsood, Influence of zinc substitution on structural
and electrical properties of Ni,_,Zn _Fe,O, ferrites. Mater. Sci.
Eng. B 139, 164-170 (2007)

Y.-J. Siao, X. Qi, C.-R. Lin, J.-C. Huang, Dielectric relaxation and
magnetic behavior of bismuth-substituted yttrium iron garnet. J.
Appl. Phys. 109, 07A508 (2011)

34. S.E. Shirsath, S.S. Jadhav, B. Toksha, S. Patange, K. Jadhav, Influ- Publisher’s Note Springer Nature remains neutral with regard to
ence of Ce** ions on the structural and magnetic properties of  jurisdictional claims in published maps and institutional affiliations.

NiFe,0,.J. Appl. Phys. 110, 013914 (2011)

35. R.Kadam, A. Biradar, M. Mane, S.E. Shirsath, Sol-gel auto-com-
bustion synthesis of Li3,MnFe,_,O, and their characterizations.
J. Appl. Phys. 112, 043902 (2012)

@ Springer



i":'il"":‘-l;. NE f.:_.: stered & Recoqgnize

agrch Journal Re Higher —IIr*f

UNIVERSAL

RESEARCH ANALYSIS)

(UGC Approved & Peer Reviewed Research Journal)r‘: e

TR [mpact Factor 5.35 9

t. 2018 To Feb

(GRIFT) [




"IMPACT FACTOR®
LGy 5.35 ISSN 2229-4406
g

& &Y, UVGC Approved International Registered e Recognized
& Research Journal Related to Higher Education for all Subjects
A

J  UNIVERSAL

UIRA. RESEARCH ANALYsIS

* UGC APPROVED & PEER REVIEWED RESEARCH JOURNAL

Issue - XVII, Vol. IV _ . CHIEF-EDITOR ~ ° _
- Yearl
Year - IX (HalfFe; 2y())19 Prof Jarachand B. Yadav
Sept- 2018 To Feb. Dept. of Economics,
Vasant Mahavidyalaya,
Editorial Ofﬁce . Kaij, Dist. Beed (M.S.)India.
‘Gyandev-Parvati’, '
: EXECUTIVE EDITORS
R-9/139/6-A-1,
Near Vishal School, O P Lo i
LIC Colony, e i i ey
Pragati Nagar, Latur Mahavidyalaya, Latur, Dist. Latur Banjara Hill, Hayderabad (A.P.}
Dist. Latur-413531. Dr. E. Siva Nagi Reddy Dr. A. H. Jamadar
R Director, National Institue Chairman, BOS Hindi,SRTMUN &
(Maharashtra), India. of Hospitality & Tourism Management, Head, Dept. of Hindi, BKD
Hyderabad (A.P.) College,Chakur, Dist. Latur (M.S.)

. Dr. Yu Takamine Dr. Shaikh Moinoddin G.
%a—ct—‘- 02382 _241913 Professor, Fafulty of Law & Letters, Dept. of Commerce,
9423346913 / 9503814000 University of Ryukyas, Lal Bahadur Shastri College,
9637935252 / 7276301000 Okmawa- (Japan)- Dharmabad, Dist. Nanded(M. S.)

Prashant Kshirsagar Scoit A. Venezia
b _t v De;;t_Motha.;ath:. Direcior, School of Business,
‘A’ asant Mahavidyalaya Ensenada C i
e s' e Kaij, Dist. Beed (M.S.) Caufg:ﬂ:_ (Sn;p:s)

: DEPUTY-EDITOR
Dr.N. G Mali Dr. Babasaheb M. Gore

www.irasg.com

_ Head, Dept. of Geography, Principal,
E-mail : M. B. College, Smt. S.0.D.M.Callege
interlinkresearch@rediffmail.com LatugDist L aticiM. S Latur, Dist. Latur (M.S.)
visiongroup1994@gmail.com

. CO-EDITORS
mbkamble2010@gmail.com
Dr. V.J. Vilegave Dr. Omshiva V. Ligade
M ° Head, Dept. of PA., Head, Dept. of History
Lll_b_lml_‘_. Shii. Guru Buddhiswami College, Shivjagruti College, Nalegaon,
Jyotichandra Publication Pumna, Dist. Parbhani (M.S.) Dist. Latur. (M.S.)
Latur, Dist. Latur - 413531, (MS) E?r. S.B. YVadgkar Dr. Shivanand M. Giri
ept. of Dairy Science, :
Adarsh College, . Dept. of Marathi,
Price : ¥ 200/- Hingoli, Dist. Hingoli{M.5.) Bhai Kishenrao Deshmukh College,
Chakur Dist. Latur.(M.S.)

—



Issue : XVII, Vol. IV IMPACT FACTOR™ ISSN 22294406

ISN -2229-4406 %# UNIVERSAL RESEARCH ANALYSIS 535 Sept. 2018 To Feb. 2019
iged INDEX
for all Subjects
Sr. . Page

B A L No | Title for Research Paper e
_'______. E-Commerce And Its Impacts On Business And
LYSIS 1 | Global Market 1

Dr. Manisha Arvind Kotgire

Information Technology Application in Business

7

D 2 |and its Growth
- | Dr. Vikas Choudhari
Work Life Balance a Challenge for Indian Women ”

n)

’ Karansinh Avinashrao More

, |Human Development Index: An Overview ”
) v _{/N.N. Nanwate, Dr. S.R. Nimbore

atur) Economic Growth and Impact of Service’s

9 5 | Sector in India 26
_ Dr. P.M. Mule
bhand) ; |Indian Agriculture Sector Impact on GDP .
bad) Shankar L. Sawargaonkar
Economic & Social Development through Sport
dnagar) 7 | Sector in India 37
Dr. Madhav R. Dongre
o Sf. T, & = BrRIs 9 9RomE 42
<t T, I desd
) FRSNTST © <97 g ez 43
TIRR . gaT
) . AR Bl e - b IR =
2l G . SiaeRaY
ar (Nanded) . AT Ricsarie SiH RUEoa 3N a amifee TR
<. &, <% g ol
B ARG P SN BOESRIIUT d Aaqhgid! eTecdr
67
) 5 | F Rreearic A8 sAcmed A s 7

Sl 9. . SITed




[&J Issue : XVil, Vol . IV IMPACT FACTOR ISSN 2229-4406
um UNIVERSAL RESEARCH ANALYSIS 5.35 | Sept. 2018 To Feb. 2019 [ |

@

Human Development Index: An Overview

Or. S.R, Nimbore
Principal,
Arts Commerce &Science College,
Ashti, Dist. Beed

N.N. Nanwate

Arts Commerce &Science College,
Ashti, Dist. Beed

Introduction:
The UNDP has developed a set of composite indices such as human development

index (HDI), Human Poverty Index (HPI) and Gender related Development Index (GDI)

for measuring the level of development and disparities among the countries in the world.

The true aim of development is not only to boost incomes, but also to maximize humar

choices— by enhancing human rights, freedoms, capabilities and opportunities and by

enabling people to lead long, healthy and creative lives. Critical to this process is work

central to human existence. Human beings prepare for work as children, engage in work
as adults and expect to retire from work in later life. Through the human lifecycle, qualit;
of life is thus closely bound to the quality of work. The idea central to the first HDE
published in 1990 was that ‘people are the real wealth of a nation’. Development wa
seen as more than just economic growth and was taken to encompass the developmen
of the people of a country. Anew vision of development was envisaged by Mahbub-ul
Haq and Amartya Sen who emphasized the need to ‘put people at the center’ of al
development efforts and Setting the Framework the necessity to enlarge people’s choice
by providing them with the means to lead an educated, healthy life with a decent standar



3SN 2229-4406
2018 To Feb. 2019 30 ]

arview

R, Nimbore
>rincipal,

rce &Science College,
i, Dist. Beed

as human development
selopment Index (GDI)

s countries in the world.
so to maximize human
1d opportunities and by
to this process is work,
hildren, engage in work
human lifecycle, quality
entral to the first HDR
.on’. Development was
mpass the development
wvisaged by Mahbub-ul-
iple at the center’ of all
enlarge people’s choices
fe with a decent standard

ISSN 2229-4406
Sept. 2018 To Feb. 2019 m

issue : XVI|, Vol . IV

%}j@ A UNIVERSAL RESEARCHANALYSIS 5.35

TMPACT FACTOR

of living. ““Plural principles such as equity, sustainability and respect for human rights are
thus key.

Human development is all about human freedom freedom to realize the full
potential of every human life not just of a few nor most but of all lives in every of the
world. Over the past quarter century the world has changed and with it the development
land scape new countries have emerged and our planet is now home than 7 billion people
one in four of them young .

Progress in human development has been impressive over the past 25 year. People
now live longer more children are in school and more people have access to basic social
services .The millennium development declaration and commitments at the tun of the
century to end basic human deprivations within 15 years added to the momentum.

Human development is a process of enlarging people choices .But human
development s also the objective so it both process and an outcomes. Human development
implies that people must influence the process that shape their lives. In all this economics
growth is an important means to human development but not the end .Human development
is the development of the people throughbuilding human capability by the people thought
active participation in the process that shape their lives and for the people by improving
their lives. It is border than approach the basic needs human resourcesapproach.
Objective of the study:

1) To understand the human development index
2) To know the HDI in India

3) To study the Indicators of HDI

Definition of HDI:

Mahbub — ul- Hagq, one of the architect and refiner of Human Development
concept said that the basic purpose of development is to enlarge people’s choices. People

often value achievements that do not show up at all, or not immediately, in income or
growth figures: greater access to knowledge, better nutrition and health services, more
secure livelihoods, security against income and physical violence, satisfying leisure hours,
political and cultural freedoms and sense of participation in community activities. Thus the
objectiveness of development is to create on enabling environment for people to enjoy
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long, healthy and creative lives. Human development is to create on enabling environment
for people to enjoy long, healthy and creative lives. Human development is about people,
about expanding their choices to lead lives they value. “Human development is a process
of enlarging people’s choices. In principle, these choices can be infinite and change over
time. But at all levels of development, the three essential ones are for people to lead a
long and healthy life, to acquire knowledge and to have access to resources needed for a

decent stand of living.

India’s HDI value and rank
India became independent in 1947, Jawaharlal Nehru stressed the importance of

the task that lay ahead of ending poverty, ignorance, disease and inequality of opportunity.
As the 1st Five Year Plan (FYP) was launched, it however did not spell out any specic
planning strategy linking sectorial investment proposals to the objective of the plan. But in
the 2nd FYP the principles of ‘socialistic pattermn of society’ underlay the planning strategy
and emphasized social gain. It put stress on raising standards of living by raising National
income through a rapid The human development (HD) story of India is unique in its kind.
Through the preparation of not only national, but also sub-national Human Development
Reports (HDR), India has decentralized and integrated the human development concept
into its development agenda at national, State, as well as district and municipality level.
More sub-national HDRs have been produced in India than in any other country. More
HDRs have been produced in India than the total number of Global HDRs. A disti nctive
feature of the HDR preparation process is the Girm State ownership, and multi -stakeholder
partnerships. This has enabled policy dialogue on crucial HD issues.

The national average HDI for India in 2008 was 0.467.By 2010, its average
HDIhad risen to 0.519. UNDP, the sponsor of Human Development Index methodology
since 1990, reported India’s HDI to be 0.554 for 2012, an 18% increase over its 2008
HDI. United Nations Declared India’s HDI is 0.586 in 2014, an 5.77% increase over
2012. As for the year 2016, HDI for India stood at 0.624.HDI is composite index that
takes into consideration (1) Life expectancy, (2) Education and (3) Per capita income. India
climbed one spot to 130 out of 189 countries in the latest human development rankings
released today by the United Nations Development Programme (UNDP). India’s HDI
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value for 2017 is 0.640, which put the country in the medium human development category.

Between 1990 and 2017, India’s HDI value incased from 0.427 to 0.640, an increase oé‘
nearly 50 percent —and an indicator of the country’s remarkable achievement in lifting
millions of people out of poverty. Norway, Switzerland, Australia, Ireland and Germany
Jead the ranking, while Niger, the Central African Republic, South Sudan, Chad and
Burundi have the lowest scores in the HDI’s measurement of national achievements in
health, education and income. Within South Asia, India’s HDI value is above the average
of 0.638 for the region, with Bangladesh and Pakistan, countries with similar population
size, being ranked 136 and 150 respectively. India’s HDI value for 2015 is 0.624—
which put the country in the medium human development category— positioningitat 131

out of 188 countries and territories. Between 1990 and 2015, India’s HDI value increased
from 0.428 to 0.624, an increase of 45.7 percent. Table A reviews India’s progress in

each of the HDI indicators. Between 1990 and 2015, India’s life expectancy at birth
increased by 10.4 years, mean years of schooling increased by 3.3 years and expected
years of schooling increased by 4.1 years. India’s GNI per capita increased by about
223.4 percent between 1990 and 2015.

Indicators of Human Development Index (HDI):

The three criteria or indicators which represent different aspects of good life or
the three goals of human development are:
1. Longevity:

It is measured by life expectancy at birth. Life expectancy at birth means how
many years anewly born infant can hope to live in this world. This represents element of
health in the Human Development Index (HDI).

2. Education or Knowledge:

' It is measured by the weighted average of adult literacy and mean years of
schooling. For this 2/3rd weight is given to adult literacy and 1/3rd weight is given to the
mean years of schooling,
3.Standard of Living:

- p:it :z SI?:asTlred ‘Py real per capita i{lcome of a country at purchasing power parity
at is, adjusted for purchasing power of currencies of different countries.
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Let us explain how Human Development Index (HDI) is estimated for different countrie:

There are three goals of development, namely, better health as measured by life expectanc
at birth, better education or knowledge as measured by literacy rate and standard c
living as measured by per capita income measured in terms of purchasing power parit
prices (PPP)in US dollars.

For example, for life expectancy at birth the range is 25 to 82 years, for literac
rate the range is 0 to 100 per cent and for per capita income the range is $ 100 to 40,00
in terms of PPP (US $). The value of each component of human development index ;

calculated by using the following formula—
HDI for individual component = (Actual Value—Minimum Value) / (Maximu

Value —~Minimum Value)If the actual value of an individual variable in HDI of a country
equal to the minimum, the index of that variable for a country 1s zero. On the other han
if the value of an individual component is equal to the maximum value, the index of thi
component will be equal to one. For example, India’s life expectancy at birth in 2011 wx
65.5, the life expectancy index for India according to the above formula (with the give
range of 25-85) will be-Life expectancy Index of India = (65.5-25) / (85 — 25)

0.673Similarly, with 3460 PPP (US $) of India’s per capita income, its individual inde
(with range 100-40,000)=(Yj— Y A)2=0.084 Constructing overall HDI we take averag
of three individual indexes with each having 1/3 weight. Thus, HDI=1/3 (per cap1
income index) + 1/3 (life expectancy index) + 1/3 (literacy index) after finding the valu
of Human Development Index (HDI) for various countries they are ranked from tl

highest to the lowest.

Conclusion:
Policymakers need to ensure greater effectiveness of the existing social sect

schemes on the HD formation process. Leakage in the schemes in terms of reaching o
to the target groups is often noted, which must be avoided. Secondly, level of governar:
mechanism needs to be bettered by channelizing efficient utilization of allocated func
There is a need for increasing both professionalism and responsiveness among the publ
administration. PRIs have become an important arm of decentralized governance ar
can play a major role in this process, albeit with some reforms. Since the panchayz
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mostly receive funds from the central government and such an external supply of funds
tends to breed irresponsibility and corruption on the part of the PRIs, the PRIs can be
empowered to raise resources on their own through the imposition of taxes and other
such measures. They can also be granted more decision-making powers at the local level
and their eligibility for obtaining Central funds could be linked to their competence in
raising resources from internal sources. Simultaneously, participatory governance, through
organizations of the marginalized groups (the landless, women, SHGs, Dalits, and Adivasis),
along with the PRIs should be encouraged.
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Abstract. In the present work nanocrystalline NiFe-O, samples were prepared by the sol-gel
auto combustion technique. The synthesis was carried out by taking citric acid as fuel with
metal nitrate to fuel ratio as 1:3. The obtained powder was annealed at 550°C for 4 h and then
used for structural and magnetic investigations. Prepared nickel femrite samples have been
irradiated by gamma-ray (*Co) to examine the changes that occurred in structural properties.
Structural properties of nickel ferrite nanoparticles before and after gamma irradiation were
carried out by X-ray diffraction (XRD) technique. From the XRD pattern, it was observed that
all the Braggs planes reveal cubic spinel structure before and after gamma irradiation. A close
examination of the XRD pattemn revealed the crystallite size of 21 nm and 19 nm for nickel
ferrite samples before and after gamma irradiation respectively. The obtained results help in
providing interesting and useful study for various applications of nickel ferrites.

1. Introduction
Now-a-days magnetic materials are grabbing the attention of researchers and scientists because of

their novel physicochemical properties [1]. Among magnetic materials, ferrites are the most attention-
grabbing materials because of their magnetic and insulator properties [2, 3]. Among the various
ferrites, nickel ferrites are vitally attributable to their astounding properties, such as high magnetic
permeability, lower eddy current losses, and high resistivity making them a potential material for high-

frequency applications [4-6].
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The development of nanoscience and nanotechnology leads us to deal with and fabricating the material
at nanoscale for a particular application. The unique characteristics of nanostructured materials are
imported due to their changed electronic structure, close to that of an isolated atom or molecule [3].
Modifications and improvements of these materials are important to adjust the performance and
efficiency of the different devices that use them. In recent times, in order to study the effect of
irradiation on the properties of ferrite materials, fast heavy ions, laser beams, and gamma rays have
been used [7]. Irradiation can be an effective tool to enhance crystal defects and adjust the properties
of ferrite (soft and hard magnetic) in a controlled manner. A lot of scientific focus is thus given to the
gamma-irradiation caused by the formation and alteration of defects leading to tunable structural and
magnetic properties of ferrites. Radiation energy such as gamma rays interacts with materials (atomic
electrons and atomic nuclei) [8, 9]. These interactions result in the scattering of particles, the
excitation of electrons and vibrations (thermal), and the ionization of atoms, which usually cause
interference in the material structure. This in turn modifies the material's electrical and magnetic
properties {10, 11]. These improvements can be due to the breakage of ferrimagnetic ordering,
surface-state pinning, and cation inversion, etc. Such modifications are quantitatively functions of the
dose intensity of irradiation, dose duration, dose absorbed by the materials and quality of the target
materials, etc [12, 13].

In the present study, we have carried out the synthesis of nickel ferrite by the sol-gel auto combustion
method and irradiated with gamma-ray to understand the effect of gamma radiation on the structural

properties of nickel ferrite.

2 Experimental

2.1 Materials
Synthesis of nickel ferrite was carried out by using chemicals such as ferric nitrate (Fe (NOs); 9H,0)
nickel nitrate (Ni (NOs), 6H,0), citric acid (C¢HgO-), ammonia (NH;), and distilled water. All the
chemicals were used without further purification.

2.2 Preparation of nickel ferrite
The nickel ferrite nanopowder was prepared by using a cost-effective safe sol-gel auto combustion
technique. To obtain better combustion citric acid was used as a chelating agent. The detaiied
procedure of sol-gel auto combustion is explained in our earlier reports [14, 15] The prepared fluffy
powder was sintered at temperature 550 °C for 4 h using a muffle furnace to get a better crystalline
nature and purity.

2.3 Characterization
The synthesized nickel ferrite samples were characterized by X-ray diffraction (XRD) technology to

identify the crystalline phase. The Bruker D-8 X-ray diffractometer has a (20) angle range of 20-80".

Results and Discussions

2.4 X-ray Diffraction

The X-ray diffraction pattern of nickel ferrite synthesized by the sol-gel auto- combustion method
recorded at room temperature in 26 range from 20-80°showed in figure 1. The values of the lattice
parameter of the prepared sample calculated by using the following relation [16, 17].

a = dhkl'\fhz + k2 + 2
Where d is the interplanar spacing of two planes, ‘a’ is the lattice constant, and (hkl) is the miller
indices. It revealed that the lattice parameter decreases after irradiation and caused increase in X-ray
density.
dB = %

Where, m is the mass and V is the volume (rr’h) of pallets. The obtained XRD patterns revealed the

formation of the cubic spinel structure with Fd-3m space group. There is no impurnty peak observed in
the XRD pattern. The crystallite size of nickel ferrite before and after irradiation was found to be 21

untand 19 i respecdvely, which 1s caleulated by using Debye-Scherrer's forimuia {184,

[J8)
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kA
" Bcosb
Where, k is the constant having value 0.89, A is the X-ray light source wavelength (1.540 A), B is full
width at half maximum (FWHM) and 0 is the glancing angle. The peak positions of the irradiated
sample are shifted to the lower angle (28). The slight change of the reflective peaks in the irradiated
samples is due to some induced disorder (compressive strain) in the crystal structure resulting from ion
migration into interstitial positions. X-ray density (dx) of nickel ferrite was calculated by using the

relation [19, 20],

d, = 8M /N, a?

Where dx is the X-ray density, M is the molecular weight of the composition, NA 1s the Avogadro’s
number and ‘a’ is the lattice constant. Calculated values of lattice constant, unit cell volume, average
crystallite size, X-ray density, bulk density, the porosity of before and after irradiation of prepared

nickel ferrite is tabulated in table 1.

3500
s i—— Before padintion [~ Afer radation|
z 300- 2
3000
After
2300
5 ”
” ~
z : 3
[ 2 3 & s
£ : 7 £ 2000 :
= hi = 1 z T
- - - 3
we{ S I
Im.“L
gt

20 {Degree)
Figure 1. X-ray diffraction pattern of NiFe,Oj4 nanoparticles before and after radiation.

Table 1- Values of ‘Lattice constant (a)’, ‘Unit cell volume (V)’, ‘Average crystallite size (D)’, ‘X-ray
density (dX)’, ‘Bulk density (dB)’, ‘Porosity (P) of nickel ferrites nanoparticles before and after

gamma radiation

NiFe,;0;, a(A) FWHM V D  dx  dg Porosity %
(0) (nm)
" Before 8336 03418 5793 2175 5374 3.638 33.00
radiation
After 8329 03021 5778 1969 5389 3617  33.14

radiation
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4. Conclusions
Nanostructured nickel ferrite sample was successfully prepared by the sol-gel auto-combustion

method. The prepared ferrite sample was irradiated by %Co gamma-ray source. The XRD patterns
confirmed the formation of cubic spinel ferrite with the Fd3m space group. The lattice parameter and

crystallite size decreases after gamma irradiation.
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Abstract. In this communication we report structural and dielectric properties of mixed Cu-Zn
spinel ferrite nanoparticles. Cug7Zng3Fe,04 nanoparticles were synthesized by using
standard and well known sol-gel auto-combustion techniques. The obtained nanoparticles were
annulated at 520°C for 4 h and then used for further study. The X-ray diffraction (XRD)
pattern was recorded at room temperature to investigate the single phase nanocrystalline nature
of prepared sample. The XRD pattern shows formation of single phase cubic spinel structure
with average crystallite size of ~24 nm. The crystallite size was determined by using standard
Scherrer’s equation. The other structural parameters like lattice constant, unit cell volume, X-
ray density etc. were determined using XRD data. The dielectric properties were measured at
room temperature and as a function of frequency using LCR-Q meter. The dielectric constant,
dielectric loss and dielectric loss tangent all get decreased exponentially with increasing
frequencies. The observed dielectric behaviour is similar to that of reported in the literature.

1. Introduction

Ferrites with iron oxide and metal oxide as a constituent magnetic materials are used in several
technological applications [1]. They exhibit both kinds of properties that are ferromagnetic and
electrical. They possess high electrical resistivity [2], low eddy current and dielectric loss,
magnetization, high Curie temperature and therefore ferrites are known to be good magnetic and
dielectric materials [3]. On account of their important electrical, dielectric and magnetic properties
they are used 1n microwave devices |4, 5| high trequency applications, antenna rods (b, /), memory

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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storage devices [8, 9] etc. These materials are continuously studied from last.7-8 decades because of
their excellent twin properties of electrical insulator and magnetic conductor which can be improved
by several ways. One of the important parameter for generating variations in the physical properties of
the ferrite is the selection of synthesis method. Earlier, Ferrites were synthesized by ceramic technique
[10], it has some inherent drawbacks. Some of the drawbacks are it requires high temperature,
extended synthesis time and lack of technological approach. The drawbacks of ceramic method are
overcomes with the help of wet chemical synthesis method. Some of the wet chemical method are sol-
gel method [11, 12], sol-gel auto-combustion, co-precipitation [13, 14] , micro-emulsion [15] ,
hydrothermal [16] etc. All the wet chemical methods are advantages over the conventional ceramic
method as they required low temperature for synthesis; the method yields high quality homogeneous
powder. This method is simple and cost effective [17, 18], also this method requires least time as
compared to the conventional ceramic method. This wet chemical method has gained an importance in
the recent years. In this work, we have used the sol-gel auto combustion method for the synthesis of
mixed Cug7ZngnFe,04 (CZK_7). Spinel ferrite with the chemical formula MFe,O, (M = divalent
cations like Cu, Zn, Co, Mn, Fe etc.) have cubic spinel structure with a space group Fdsm [19, 20]. The
spinel ferrite possesses two interstitial sites namely tetrahedral (A) and octahedral [B], in which
contains of different valence and size can accommodate at appropriate site. Copper ferrite is a unique
spinel ferrite and has tetragonal as well as cubic spinel structure dependently on the synthesis methods
and conditions. Zinc (Zn™) is a divalent nenmagnetic cation can easily be incorporated in the lattice of
copper ferrite. Thus, the mixed Cu-Zn spinel ferrite with the formula Cug7Zng3Fe,04 (CZK_7) was
prepared in the present study by well-known wet chemical method. The structural and dielectric
properties were investigated by means of X-Ray diffraction and LCR-Q meter. The applied
characterization techniques, structural and dielectric properties of Cug7Zng3Fe,04 (CZK_7) ferrite
nanoparticles are reported in this communication.

2. Experimental

2.1 Raw Materials

Cu.7Zng 3Fe;04 (CZK_7) spinel ferrite nanoparticles have been prepared by sol-gel auto-combustion
method in order to achieve homogeneous crystal structure. A stoichiometric proportion of metal nitrate
solutions were used as a synthesis protocol. The purity, chemical strength and brand trust of these
materials was checked for the laboratory synthesis of Cug7Zng3Fe,04 (CZK_7) spinel ferrite
nanoparticles. 99.9% pure AR graded ferric nitrate (Fe(NOs)s-9H,0) [21], copper nitrate (Cu(NOs3),)
[22] and zinc nitrate (Zn(NOs),) [23] was taken as a starting material for the present synthesis. Fuel
plays an important role in sol-gel auto-combustion method, so we used citric acid (CgHzO;) [24] as a
fuel due to its wonderful complexing ability. Citric acid also has a low ignition temperature (200°C -
250°C) than that of the other fuels used in wet chemical methods

2.2 Synthesis Method

Beginning with the starting materials, metal nitrate to citric acid ratio was taken as 1:3 for the
synthesis of CugpnZng3Fe,04 (CZK_7) spinel ferrite nanoparticles. The metal nitrates were stirred
well with a drop by drop addition of liquid ammonium hydroxide (NH4OH). An addition of
ammonium hydroxide in metal nitrates helps to maintain the pH of the solution at 8. The mixed metal
nitrate solution was stirred continuously and heated at 75 °C on a hot plate magnetic stirrer for 4 to 5
h. This step would helpful for the formation of sol in the reaction. Under the constant stirring and
heating a transparent sol was heated at 100 °C for 1.5 h. On removal of water at some extend, small
increase in temperature leads the reaction from transparent sol to a viscous brown gel. This viscous
brown gel further transformed into a dried gel. Further, nitrate-citrate gel reaction takes place to dried
gel formation which exhibited self-propagating cowbustion belavivur, AL 4 patlicular tempetdlute
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ignition started and dry gel bumt in self-propagating combustion manner. The gel was burnt out
completely and forms a loose powder of Cug7ZngsFe,0s (CZK_7) spinel ferrite. The obtained
nanoparticles were annulated at 520°C for 4 h and then used for the further characterization.

3. Characterization
3.1 X-Ray Diffraction

The X-ray diffraction study of prepared Cu 7Zn3Fe;04 (CZK_7) spinel ferrite nanoparticles was
performed on a Philips PW-1730 X-ray diffraction using Cu-ka radiation (. = 1.5405 A). The X-ray
diffraction pattern was recorded in the 20 range of 20°-80° at room temperature. Using XRD data
various structural parameters were obtained.

3.2 Dielectric Properties

Dielectric properties of spinel ferrites are important because of their use in microwave applications. In
the present study, dielectric properties of Cug7ZngFe;04 (CZK_7) are studied by means of LCR-Q
meter (Model HP 4284 A) as a function of frequency and at room temperature.

4. Results and discussion
4.1 Structural Properties

Figure 1 represents the room temperature XRD pattern of the Cug 5 Zng 3 Fe,04 (CZK_7) sample. The
reflections were identified as (111), (220), (311), (222), (400), (422), (511) and (400). These
reflections were oriented at 20 angles 18.218°, 30.057°, 35.418°, 38.669°, 43.101°, 53.442°, 56.942°
and 62.506 angles respectively which reveals cubic spinel structure of Cug7ZngsFe,04 (CZK_7)
[25]. These XRD has characteristics peaks matching with JCPDS card number PDF#340425. The
values of Bragg's angle interplanar space and corresponding Miller Indices are given in the table 1.
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Figure 1. X-ray Diffraction pattern of Cu7Zng3Fe204 (CZK_7) spinel ferrite nanoparticles

The analysis of XRD data reveals that the prepared samples belongs to cubic spinel structure and is
nanocrystalline in nature. The XRD data was used to evaluate various structural parameters like lattice

constant, X-ray density etc..
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The lattice constant of Cu7Znp3Fe,04 (CZK_7) spinel ferrite nanoparticles was calculated from the
formula [26] ;
1
a = dpg(h? + k2 + 12)2 (1)

Where, d is interplanner spacing, hkl are the Miller indices and a is lattice constant. From the XRD
data (FWHM of strongest Bragg’s reflection (311) oriented at 26 = 35.418°) was considered to
calculate crystallite size (t) using Scherrer’s formula [27];

KA (2)

te PecosB

Where, K is a shape factor = 0.9, A=1.5405 A, @ is the Braggs diffraction angle and B is the FWHM of
the broadening of diffraction line (in radian).

Table 1. Bragg’s angle (20), Sin8, interplanar space (d), Miller Indices (hkI) and lattice constant (a)

(hkD) 20 ] siné dy (g/cm®) a(d)

(111) 18.218 9.109 0.1583 © 4.8656 8.4274
(220) 30.057 15.0285 0.2707 2.9706 8.9355
(311) 35.418 17.709 0.3041 2.5323 8.3890
(222) 38.669 19.3345 0.3310 2.3266 8.0595
(400) 43,101 21.5505 0.3673 2.0970 8.3880
422) 53.442 26.721 0.4496 1.7131 8.3924
(511) 56.942 28.471 0.4767 1.6158 8.3959
(440) 62.506 31.253 0.5188 1.4847 8.3987

The X-ray density of CuZng3)Fe;0, (CZK_7) ferrite nanoparticles was calculated by;
dx=8M/, 3)

Here 8 is a number of molecules for unit cell of spinel lattice, M is a Molecular weight in gram mole
of the spinel and N = Avogadro number. The values of lattice constant, unit cell volume, X-ray

density, and crystallite size were listed in table 2.

Table 2. Values of lattice constant (a), unit cell volume (V), X-ray density (dx), crystallite size (t).
a(A) v dy (g/cm®) t (nm)
8.422 597.53 5.330 24.17

It is evident from table 2 that, the lattice constant was found to be increased when zinc is doped in
copper ferrite. The increase in lattice constant can be attributed to the larger ionic radius of Zn** ion
(0.082 nm) which replaces a smaller Fe ion (0.067 nm) [28]. The value of crystallite size (t) indicates
the nanocrystalline nature of the prepared samples. Our results on lattice constant and other structural
parameters are in a good agreement with the reported values [15].

4.2 Dielectric properties

The dielectric properties are studied by means of LCR Q meter and as a function of frequency at room
temperatwe. The dielectiic Lehavior ol CugpnZugyle,0s (CZK 7) lfeuike vauuparticles can be



NANOMAT-2020 10OP Publishing
Joumnal of Physics: Conference Series 1644 (2020) 012012  doi:10.1088/1742-6596/1644/1/012012

explained on the basis of Maxwell-Wagner interfacial polarization which is in agreement with Koop’s
phenomenological theory. CuFe,O, is an inverse spinel structure [29] with Cu®* ions occupying
octahedral [B] site by replacing Fe** ions which results in decrease in Fe** jons at octahedral [B] site.
In the present study, the dielectric constant, dielectric loss and dielectric loss tangent were calculated
using standard relations reported in the literature and their variation with respect to frequency was
studied. The mesurements of the dielectric properties were recorded from 100 Hz- 1 MHz. By
measuring capacitance C, the dielectric parameters were calculated.
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Figure 2. Dielectric constant (£') of Cu7Zn3Fe;04 (CZK_7) spinel ferrite nanoparticles

4.2.1 Dielectric constant (¢')

Figure 2 represents the variation of dielectric constant (£') as a function of frequency. The plot shows
exponential nature. At low frequencies, the dielectric constant is maximum and at higher frequencies,
dielectric constant is minimum. This type of behaviour of dielectric constant was repeated in various
spinel ferrite nanoparticles [30]. The observed decrease in dielectric constant with increase in
frequency can be explained as at higher frequency any effect contributing a polarization is found to
show lagging behind the applied field when frequency is increased beyond a certain frequency limit,
the electron hopping cannot follow the electric field fluctuation and causes decreasing dielectric
constant. These types of polarization are due to the inhomogeneous dielectric structure, like porosity
and grain boundaries in the samples.

4.2.2 Dielectric loss (")

Figure 3 represents the variation of dielectric loss as a function of frequency. The dielectric loss (')
decreases with increase in frequency as observed for dielectric constant (&').
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Figure 3. Dielectric loss (£"') of Cug7Zng3Fe,04 (CZK_7) spinel ferrite nanoparticles

At lower frequency the dielectric loss is maximum and at higher frequency the dielectric loss was
recorded to be minimum which can be seen in figure 3.

4.2.3 Dielectric loss tangent (§)
Figure 4 represents the frequency dependent dielectric loss tangent (tand) plot for mixed

Cugp nZng3Fe;04 (CZK_7) ferrite nanoparticles. Dielectric loss tangent plot exhibits similar nature as
that of the dielectric constant ().
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Figure 4. Dielectric loss tangent (8) of CugnZng3Fe,04 (CZK_7) spinel ferrite nanoparticles

Here, the dielectric loss tangent () decreases with increase in frequency. At higher frequencies the
dielectric loss tangent is minimum and at low frequencies the dielectric loss tangent (8) was found to

be maximum.
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5. Conclusions

The mixed CugpnZng3Fe,04 (CZK _7) spinel ferrite nanoparticles have been successfully prepared by
wet chemical sol-gel auto-combustion method. It was evident from XRD pattern that Bragg’s
angle (20) reflections are in very good agreement with the reported literature confirming the
cubic spinel structure of (CZK_7). The Lattice constant (a) ~8.422 A and other structural properties
are in the reported range. The crystallite size (t) of the CZK_7 nanoparticles was measured ~24.17 nm
which is a good achievement from the synthesis point of view for the present investigation. The
dielectric constant (¢') decreases to a minimum value of frequency range (Hz) and remains almost
constant for higher frequency range. Initially, the dielectric loss (&”) was maximum and found to be
decreases with increasing frequency. The dielectric loss tangent (§) plot exhibits similar nature as that
of the dielectric constant (&') which decreases exponentially as a function of frequency. Considering
the technological demands of the ferrite nanoparticles, overall investigation leads to a conclusion that
the structural and dielectric study of Cuyg7ZngsFe,0s (CZK_7) spinel ferrite nanoparticles can be

useful for high frequency applications.
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Abstract. The present paper deals with the synthesis and the structural characterization of
magnesium ferrite (MgFe,0y) the synthesis of MgFe,O, was carried out by well-known sol-gel
auto-combustion method in which citric acid was used as a chelating agent The as obtained
powder of MgFe-O; was then annealed at 500° C for 4 h to improve the crystallinity and
remove the impurities. The annealed powder of MgFe-O, was then subjected to X-ray
diffraction study in order to know the phase purity and crystal structure. The X-ray diffraction
pattern (XRD) reveals the presence of those reflections which belongs to cubic spinel structure.
The analysis of XRD pattern proves that the prepared MgFe.O, powder is nanocrystalline in
nature and possesses single phase cubic spinel structure. Using the XRD data the structural
parameters like lattice constant, unit cell volume, X-ray density, hopping length, tetra edge and
octa edge etc. structural parameters were determined. The obtained structural parameters are in
good agreement to that reported in the literature. The crystallite size was also obtained by
standard Sherrer’s formuia and was found to be 22 nanometre. Thus, the nanocrystalline nature
of MgFe-0O, was obtained through sol-gel auto-combustion method and the X-ray diffraction
study reveals the single phase cubic spinel structure.

1. Introduction

The magnetic materials in which iron oxide and metal oxide in particular ratio present are known as
ferrites. Ferrites are ferromagnetic in nature as proposed by L Neel [1]. They possess very interesting
electrical as well as magnetic properties. By virtue of combined property of electrical insulator and
magnetic conductor ferrites [2] are recognised as one of the best magnetic materials to be applied in
scveral ficlds. They possess high electrical resistivity [3], low eddy current and dielectric losses [4].
high saturation magnetization {5] etc. important properties which make them many technological
applications. On the basis of crystal structure, ferrite are grouped in to three main classes namely

@ @ ]Conlcn( from this work may be used under the terms of the Creative Commens Aunbuiion 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work. journal citation 2nd DOL
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spinel ferrite [6]. garnet [7] and hexagonal ferrite [8]. They can be easily synthesised by various
preparative techniques like ceramic [9], chemical co-precipitation [10], hydrothermal [11], sol-gel [12]
etc.. Currently, nanocrystalline spinel ferrite [13] has attracted the attention of various researchers due
to their nanoscale dimensions [14], high chemical stability [15], and large surface to volume ratio {16],
better homogeneity and easy preparation [17]. The nanocrystalline spinel ferrite finds application in
the field of sensors [18], catalyst [19], drug delivery [20], water purification [21]. The spinel ferrites
are characterised by the formula MgFe,0; in which M represent divalent metal ion like Mg **. Co ™,
Ni *, Zn **, Fe *, Mn ™, etc. The structure of spinel ferrite is cubic spinel which space group fdsm.
The spinel lattice consists of two sites i.e. tetrahedral (A)-site and octahedral [B]-site. These two sites
can occupy cations of different size elements bringing wide variation in electrical and magnetic
properties. The synthesis method also plays an important role in governing the properties of spinel
ferrite. The wet chemical methods in particular sol-gel auto-combustion method are a unique method
which possess nanoscale powder of high quality. Among the various spinel ferrite, magnesium ferrite
MgFe,Oy4 [22] is a well-known ferrite and is rarely studied. It possesses partially inverse structure
which depends on synthesis method and synthesis conditions. In the literature very few reports are
available for the synthesis and characterisation of MgFe.O, [23]. Considering the importance of
MgFe,Oy in various technological applications, it was decided to study the nanocrystlline magnesium
ferrite and to evaluate their structural properties. In this paper we report our results on the synthesis
and structural characterizations of magnesium ferrite.

2. Experimental

2.1 Raw Materials

Nanocrystalline spinel structured Mg-ferrite (MgFe,Oy) has been prepared by sol-gel auto-combustion
method using citric acid as a fuel. AR grade magnesium nitratc (Mg(NOs),), fermic nitrate
(Fe(NOs)3-9H,0) and citric acid (C¢HgO-) were used for the synthesis. As a part of synthesis method,
an anhydrous Ammonia compound of nitrogen and hydrogen with the formula NH; was considered for

maintaining pH of the solution.

2.2 Synthesis Method

In this wet chemical particular sol-gel auto-combustion method, metal nitrate to citric acid ratio was
taken as 1:3. This was done by mixing of (Mg(NO3),) granules in to double distilled water and clear
solution of magnesium nitrate was formed. Similarly, (Fe(NO;);-9H,0) granules was mixed in a
double distilled water and second solution of ferric nitrate was obtained. Citric acid [24] was formed
by adding the (C¢HgO5) granules in double distilled water and we consider this as a fue! for the sol-gel
auto-combustion reaction. Ferric nitrate and magnesium nitrate solutions were mixed together and a
third solution of citric acid was added in proportion maintaining metal nitrate to fuel ratio of 1:3. The
mixed solution was stirred and heated continuously on hot-plate magnetic stirrer at 70° C for the slow
evaporation of excess water, which makes the proper reaction to be done within the mixed solution
state. Meanwhile, Ammonia [25] was used to maintain the pH of the solution at 8, and it was added
drop by drop with the help of burette in the mixed solution placed on hot-plate magnetic stirrer. Over
the constant stirring and heating, the transparent sol was obtained which was furiher heated to 110° C
for accelerating the chemical reaction within the metal nitrates. The concluding part of the sol-gel
takes place at a particular temperature and citrate-nitrate gel reaction takes place. An auto-combustion
starts with a final ignition state and a dry-gel form of all constituents starts burning by itseif. This will
give us a powder form of Mg-ferrite which was characterised thereafter.

[}
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3. Characterization

3.1 X-Ray Diffraction

The room temperature X-ray diffraction patiem of nanocrystalline Mg-ferrite (MgFe-0;) was taken by
using Cu-ka radiation (A = 1.5405 A) on Philips PW-1730 X-ray diffractometer. The X-ray diffraction
pattern was recorded in the 26 range of 20° to 80° with a scanning rate of 0.02 deg/s. All the major
Bragg’s reflections of nanocrystalline Mg-ferrite were recorded for the analysis of structural

parameters.
4. Results and discussion

4.1 Structural Properties

The prepared magnesium ferrite (MgFe,04) was studied for a stuctural characterization by X-ray
diffraction method. The X-ray diffraction method is useful in determining the phase purity, size of the
particles and for the determination of various structural parameters. The following table 1 represents
the Miller indices (hkl), Brag’s angle, interplanner spacing (d) and ntensity of the various reflections
evolved in the X-ray diffraction pattern.

Table 1. Miller Indices (/ikl), Bragg’s angle (2 ), Sin 8, sin 9/ , interplannar spacing (d), and
Intensity of various reflections

(hkl) 26 8 sinf sin9/, d(&) Iau) /A
(220) 30309 1515 0261 0.1697 29465 718 654
(311) 35658 1783 0306 0.1987 25158 68426 1000
(222) 37.859 18.93 0324 0.2106 23744 3905.3 571
(400) 43256 2163 0369 0.2392 2.0899 1666.5 68.2
422) 53675 2684 0451 0.2930 17062 42642 62.3
(511) 57198 2860 0479 03107 1.6092 4877 71.3
440) 62754 3138 0521 0.3380 14794 53306 779
(620) 71166 3558 0582 03777 1.3238 4112 60.1
(533) 74298 3705  0.604 0.3920 1.2755 42195 61.7

In the obtained XRD pattern the maximum intensity was observed for the (311) reflection and same
reflection is used for determine the crystaliite size (t). It can be observed from the table 1 that with
increasing Brag’s angel the interplanner spacing (d) decreases. The reflections occur at (220), (311),
(222), (400), (422), (511), (440), (620) and (533) within the range of 20° to 80° [26]. No additional
reflections other than these were observed in XRD pattern. In the cubic spinel structure the samples
shows all these reflections. Thus, it can be concluded from XRD data that, the prepared Mg-fermte

possesses single phase cubic spinel structure [27].

4.2 Crystallite size (t) nm

The crystallite size (t) was calculated by using Debye-Scherrer method, which is mentioned by eq.
(28] ;
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t= Prost (1)

The crystallite size (t) of magnesium ferrite (MgFe,0O,) sample was found to be 22 nanometre, thus
confirming the nanocrystalline nature.

4.3 Lattice constant (a) A

The lattice constant (a) of MgFe,O, was calculated by the following relation in eq. [22];
1
a= dhkl(hz + kz + 12); (2)

The lattice constant (a) was obtained to be 8.341 A, which is in good agreement with the literature
value.

Table 2. lattice parameter a (&), X-ray density dy(g/cm®), Volume V, and molecular weight
g m/ mol of nanocrystalline MgFe,O,

Composition X a(d) dy(g/cm®) Vv (A3) Mol. w. 9™ fmol
0.0 8.3413 45770 5804 199.9590

4.4 X-ray density (dy)

The X-ray density (dy) was calculated by the following relation (3) [29] the X-ray density was
obtained to be 4.577 (g/cm3). The values of crystallite size lattice constant, unit cell volume and X-

ray density are listed in table 2.

dx=8M/, - @)

4.5 Hopping Length (L, ; Lg)

The hopping length (L ; Lg) for the present MgFe,0, samples was calculated by using the following
relations [30].

L.A = 307 (4)
V.
Lg = 3072 o)

4.6 Tetra edge (Daxg) and octa edge (Dgxzs)

The values of (L, ; Lg) are listed in table 3. The other structural parameters like tetrahedral bonds Dy
octahedral bond Dg, tetra edge Daxe and octa edge Dgxe was calculated by the following relations
[31], and their values are given in table 3.

dax = aV3u (u - %) (©)
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_ 2 11 43\2
de =a (311 e :‘u + a) (7)
dAXE = a\/i (Zu — %) (8)
daxg = av2 (1 — 2u) )
dBXEu =4 (4‘1]2 — 3u+ ‘]1%); (10)

All the values of structural parameters obtained for the present mg are in confirmation with reported

values.

Table 3. Hopping length (L4, L), tetrahedral bond (d %), octahedral bond (dgy), tetra-edge
(daxg), and octa-edge (dgxg,) for nanocrystalline MgFe,O,

C it
SRS L) L) dax® dex(®) dae@®  dpxe®)  dxea®
0.00 3.6119 2.9491 1.8926 2.0365 3.0906 2.8075 2.9508

5. Conclusions

In the present study, we have successfully prepared MgFe,O4 nanocrystalline nature, using sol-gel
auto-combustion method. The crystallite size of the prepared MgFe,Oy was recorded as 22 nanometre.
From the XRD data values it is cleared that; the prepared MgFe,O,4 belongs to single phase cubic
spinel structure. Also, it was evident from XRD pattern that Bragg’s angle (20) reflections are 1n very
good agreement with the reported literature. X-ray density (dy) was obtained as 4.577 (g/cm?). The
lattice constant o was reported as 8.3413 (A) and other structural parameters are in the reported range.
The hopping length (L ; Lg) as well as tetrahedral bonds Dy, octahedral bond Dy, tetra edge Daxe
and octa edge Dgxg for the present MgFe.Oy samples are according to the calculations.
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