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Abstract

Magnetic materials play the main role in recent research. The magnetic materials are
used in the water treatment magnetic brake system. Super paramagnetic materials play the main
role in space onstruction and a variety of applications. So the study of the magnetic nature of
transitions metals gets importance in recent years. CeO, nanoparticle was prepared by using
Ultrasonication method. X-ray diffraction is used to identify the exact grain size and crystal
arrangement. (111), (022) the hkl value proves the sample purity. Scanning electron microscopy
is used to identify the size and morphology of the particles. The current study explains the
magnetic nature of CeO, by using magnetic (Daniel B.Litvin) symmetry which is identified by
XRD and crystal impact Match-2 and Diamond-3 software. It proves the G-type anti

ferromagnetic structure with fm3m symmetry.
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Introduction

Numerous applications, including electrical, electronic, catalytic, adsorption, optical,
electrochemical, batteries, functional materials, energy storage, magnetic data storage, and
sensing properties, have been investigated for cerium oxide with various valence states and
crystalline structures [1-5]. However, it is necessary to decrease the particle size and increase the
active surface area of nanomaterials in order to improve various features and meet the growing
demands for diverse applications. Reduced particle size improves non-conductivity, material's
electrical, sensing, and catalytic characteristics [6—8]. From room temperature up to its melting
point (2700°C), ceria (Ce02), a cubic fluorite-type structured ceramic material, exhibits no
known crystallographic change [9]. The majority of applications call for the use of
nonagglomerated nanoparticles since aggregated nanoparticles has poor sinterability and

inefficient mixing. There has been a lot of interest in improving catalytic activity, sinterability,
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and other properties by shrinking the grain size into the nanometer range in recent years because
of the excellent physical and chemical properties of nano-sized particles, which are very different
from those of bulk particles [10, 11]. The quantity of functional Ce4+/Ce3+ sites and their
capacity for oxygen exchange are two notable characteristics of CeO2 [12,13]. Different
methods, including hydrothermal [14], mechanochemical [15], sonochemical [16], combustion
synthesis [17], sol-gel [18], semi-batch reactor [19], microemulsion [20], and spray-pyrolysis
[21], have been reported to generate CeO2 nanopowders. Precipitation is one of the more simple,
economic, and time-efficient chemical reactions compared to other methods. When compared to
other chemical processes, the precipitation approach is straightforward, inexpensive, and time-
saving and alternative methods. In this paper, we concentrated on CeO2 nanoparticles are created
through co-precipitation. This study's objective was to create cerium oxide synthetically. low
dimension and an analysis of its morphological characteristics. Due to its low cost, simple
preparation, and industrial applicability, this approach possesses innovative qualities that are of
major interest. In this study, the precipitation method is used to report the synthesis of CeO2
nanoparticles, which are then calcined at 600°C. The CeO2's structural and symmetrical
characteristics have been investigated via FTIR, XRD, and SEM studies. Group theory was used

to identify the symmetrical, theoretical magnetism and magnetic nature of the nanoparticles.

Preparation of Cerium Oxide Nanoparticles

Cerium Sulphate 10g is dissolved in 80ml of 20% of Poly ethylene glycol &water (0.6g
of PEG and 100ml of H20) .To this solution Sodium Bicarbonate 8¢ is dissolved in 100ml of
Ethyl alcohol. The sample is prepared by using the Sonication method. (Ultra Sonicator) with a
frequency of 6000mh and 80°C 120°C. The PEG is added for the extra effective and de-
aggregation purpose. The precipitate is allowed to settle and separated and removing the

impurities then dried at 100°C for 12 hrs then it is calcinated at 450°C for 15 Mins.
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SAMPLE PH VALUE COLOR VISCOSITY
Time pH Value Time Color Time Viscosity
30Mins 6 1 Hrs Creamy 3Hrs Liquid
Yellow
2Hrs 6-8 1Hrs Slightly 3-9 Hrs Colloidal
Cerium  6Hrs 8.5 30Mins  Brown g 1qp4s Gel
Oxide 10 Hrs 10 4Hrs Brown
13 Hrs 11 9Hrs Drak Liquid and
14Hrs Mliky separated
white

X-RAY DIFFARACTION (XRD)
XRD is used as a fingerprint region for inorganic material used (crystal impact match 2

and diamond 3) software to draw structure. The blue line shows the observed data the red line

shows matched data the colors represent for each match in the doped sample.

2 theta d[A] hkl Reference Reference hkl
value 2theta forCeO; for CeO,
28.556 3.1233 111 29.2 111
33.092 2.7049 002 33.1 200
47.500 1.9126 022 47.5 220
56.362 1.6311 113 57.6 311
59.110 1.5617 222 59.0 222
76.730 1.2411 133 76.7 331
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Fig-1 Smoothed Background Data for XRD

Fig-3(a) Fig-3(b)
Fig-3(a),Fig-3(b) Structure and magnetic symmetry of CeO2 by diamond software
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Effect of Doping

In our study we used CeO, were to study the magnetic nature of the sample by using
group theory based computational method. The lattice arrangement of CeO, shows the cubic
strictures of the particles and the fm3m space group and the atomic distance at 2.3422A for Ce-
O band. The XRD shows the high intensity and d-value at 3.1240A this shows the sample is high
purity (96-900-9009 ref data number). The atomic distance shows the practice is arranged in the
perfect grain size and shape. The hkl value of the high- intensity peak with d-value as 3.1240
(111) and second high-intensity peak with have d-value as 1.9131, and hkl value as (022) the two
hkl value shows the samples are in 99% purity and perfect arranged size according to the grain
size the sample are formed less than 100nm that shows the in SEM report. The size of the unit
cell is complete match with reference data.

Magnetic nature is studied through Magnetic Group Table, 1-, 2- and 3-Dimensional
Magnetic Sub periodic Groups and Magnetic Space Groups Daniel B. Litvin., book from the
symmetric calculation spins aligned within the (a) plane of the cubic unit cell, forming an angle
O of 55(2)° with respect to the a axis. Releasing the constraints did not lead to any noticeable
improvement in magnetic moment; all magnetic structures can be viewed as pseudo cubic

arrangements of magnetic Ce+ cations with a G-type anti ferromagnetic structure.

Fig-4 Magnetic Group Table for Fm3m Space Group
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Table-3 Compatibility relations between the Brillouin zones for the space group fm3m
(225) of Paramagnetic CeO;

(i)

(i)

(i)
(iv)

v)

T'(000)
I, I, I, I T, I, Iy T. T, I
T1 2 T] 1—2 1—1 + T1 1—] + T1 T] + 2T1 2T1 + 1—2 2F1 + 1—2 F1 + 21—2
LIl L'(003)
Ly Ly Ly L Ly Ly Ly Ly L Ly L Ly
I I I I T+l T1+1 lo L1 B Ea L +D D+
L"(100) A(311) R(313)
Ly Ly Ly L, Ly L, M As Asg Ry R,
W W %1 Vi 2V 21 A1 +A; A1+ A 2A1+424; My +M; Mi+M;

Xy XJ X1 x{ X Xy X, X, X, X5
Zy Iy Zy Iy Zy+Zo ; ; ;

XPI Xfl Xﬁl X%' X‘ X} X? X;"‘ Xﬁ X?
1 1 1 W 21 1 Vi W 1 20N

The Brillouin zone for Cc (9) lies diagonally within the Brillouin zone for fm3m
(225).

The upper rows list the representations of the little groups of the points of symmetry
in the Brillouin zone for Fm3m and the lower rows list representations of the little
groups of the related points of symmetry in the Brillouin zone for Cc. The
representations in the same column are compatible in the following sense: Bloch
functions that are basis functions of a representation Di in the upper row can be
unitarily transformed into the basis functions of the representation given below Di.
The notations of the representations are defined in Tables A3 and A2, respectively.
Within the Brillouin zone for Fm3m the primed points are equivalent to the unprimed
point.

The compatibility relations are determined by a C++ computer program in the way
described in great detail in Ref. [27].
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Scanning electron microscopy (SEM)

It’s used to find the shape and size of the particle. The SEM image of the sample (CeO2)
shows of Fig (18) from the image it concluded out the morphology pure particles in a spherical
shape, dopped nanoparticles are formed spherical shape and size of the particle. The particles are
formed in a spherical shape. The particle is not equally distributed. The size varies from 20-
60nm. It may be due to environmental factors like far atmospheric moisture etc. From the image

the average particle size is 20-60nm.

Fig-5 (a) Fig-5(b) Fig-5(c)

Fig-18(a), (b), (c) SEM image of the sample (CeOz)

Effect of surfactant in size formation

We can often change the characteristics of suspension by understanding how individual
colloids interact with one another. We may want to maximize the repulsive force between them
to keep each particle discrete are prevent them from gathering into large, faster agglomerates.
The attached counter ions in the solution storm layer and the charged atmosphere in the diffuse
layer is referred to as the double layer. The thickness of the layer depends upon the type and
concentrations of ions in solution (zeta meter .inx). The double-layer formed to neutralize the
charged colloid. When we use PEG as a surfactant it increases the viscosity of the solution the
increasing viscosity decrease the interatomic colloidal particles. And increase the double layer
thickness to this few presents of PEG to the solution medium reduce the surface tension of the

solution medium and decrease the particle size.

4511

Eur. Chem. Bull. 2023,12(10), 4505-4515



Study of Magnetic Symmetrical Moment of CeO2 and its Applications

Section A-Research paper

Effect of doping

When the doping takes place, the impurity added to the parent material due to the
impurity, the lattice arrangement of the parent material changed. When adding a known impurity
to the parent material, the lattice disorder, takes place. It’s due to lattice disorder. The
morphology of the parent material was changed. In the present study, Fe and Mn used as a
doping material and Mn oxide were used as the parent material. The atomic radius of Mn is
higher than Fe, so the doping takes place in a good manner. The lower atomic radius gives the
best result in doping and from lattice disorder this lattice disorder gives the change in

morphology.
FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

FTIR is used to identify the functional group of the prepared Nanoparticles. The sample
shows absorption at 613cm™, 1103cm™ and 1330cm™ normally adsorption shows in 2800 -
3600cm™ is due to the removal of OH molecule. 613cm™ was assigned CeO Microcrystals and
the position the peaks are dependent on the axial ratio (c\a) of the crystal. 1330cm™ was assigned
for CeO bonding vibration mode lattice. Symmetrical stretching peaks confirm the presence of
PEG in the sample which is used as a capping agent or surfactant, the doped material for the
following peaks are assigned and confirmed the doping.

Table: FTIR Spectrum for Sample

Wavelength cm™ Arrangement
613 stretching frequency of Ce-O
1330 “‘scissor’’ bending of H-O- is assigned to the Ce-O

stretching mode.
1103 Vibrational modes of the CeQO, lattice.
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Fig -5 FTIR Spectrum for Sample

CONCLUSION

From overall report we concluded that the magnetism of cerium oxide was slightly changed
to G-type anti ferromagnetic structure. This is due to the ultrasonic sound and we use PEG as a
surfactant it increases the viscosity of the solution the increasing viscosity decrease the
interatomic colloidal particles. And increase the double layer thickness to this few presents of
PEG to the solution medium reduce the surface tension of the solution medium and decrease the
particle size. This decreasing particle size leads to change in symmetrical change and it leads

magnetic moment change.
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