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ABSTRACT

CugsZng sCe\Fe,..04 (x = 0.0, 0.025, 0.05, 0.075, 0.1) ferrite nanoparticles were synthesized by using the sol-
gel auto-combustion approach. The synthesized sampies were sintered at 600 degree for 4 hours. Infrared specira
have been completed at room temperature within the wavenumber variety of 300-800 cm™. The IR spectra
display principal absorption bands. High-frequency bands 'v;" is assigned to the tetrahedral and coffee-frequency
bands 'v,' are assigned to the octahedral sites of the complex. The Force consistent for the tetrahedral and
octahedral sites changed is study by the usage of IR information. Force constant vaiues is used to calcuniate the
Stiffness constants (C;; and Cy,). Considering the values of stiffness constants; Elastic moduli consisting of
young’s modulus, Rigidity modulus, Poisson's ratio, and Debye temperature are calculated.
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INTRODUCTION

Cu-Zn spinel ferrites have wide varietyof applicationslike non-resonant devices, radio frequency circuits,
read/write heads for high-speed digital tapes, and microwave devices. ' The small addition of external ions can
change the ferrite identity along with their properties.’ The spinel ferrites properties such as structural,
magnetic, and electrical are basedon cation distribution of cations in between tetrahedral [A] and octahedral (B)
site of spinel structure.‘Infrared spectroscopy (IR).’Structural evaluationgives useful details about the spinel
structure. The technique is based upon selective adsorption in the TR.The tetrahedral (A) and octahedral [B]
sites of spinel ferrites show absorption bands in the IR spectra split based on cations distribution on them.®
*Study of elastic behaviours of ferrites providesthe informationof interatomic and interionic forces in them.
Ferrites are very strong and cannot be deformed under normal conditions.”™ Ferrites samples were prepared in
several methods. Such as Solid-state reaction'. Hydrothermal preparation’®, Micro emulsion method', Oxalate
Precursors method °. Now a day, among these various preparation methods of the ferrite nanoparticles, like
Sol-gel auto-combustion techniques'®. The elastic constant is presents nature of the binding forces in the solid.
The mechanical strength, fracture toughness and thermal resistance information study by elastic modulus
Study of elastic properties is examined by the synthesis of CugsZnysCeFer 04 (x = 0.0, 0.025, 0.050, 0.075,
0.1) using Sol-gel Auto-Combustion method along with effect of Ce** substituted in prepare ferrites.

EXPERIMENTAL

Nanocrystalline ferrite powders with compositions of CugsZngsCecFe; 04 (x = 0.0,0.025,0.05,0.075,0.1) were
synthesized by Sol-gel Auto-Combustion technique. Shown in the fig.1. The metal nitrates (A.R. grade with
9598 % purity) Copper Nitrate, Cu NOg)zéHzo, Zinc nitrate (Zl'l (NIO3)2.6H20), ferric nitrate (Fe(N03)29HzO),
Cerium nitrate (Ce(NO;);6H,0), and citric acid (CsHgO7.H,0), were used as starting materials. The reaction
was carried out in the air atmosphere without the protection of inert gases. The molar ratio of metal nitrates to
citric acid was taken as 1:3. The metal nitrates were dissolved together in a minimum amount of double distilled
water to get a clear solution. An aqueous solution of citric acid was mixed with metal nitrates solution, then
ammonia solution was slowly added to adjust the pH = 7. The mixed solution was kept on to a hot plate with
continuous stirring at 90 °C. During evaporation, the solution became viscous and finally formed a viscous
brown gel. When finally, all water molecules were removed from the mixture, viscous gel began frothing. After
few minutes, the gel antomatically ignited and burnt with glowing flints. The decomposition reaction would not
stop before the whole citrate complex was consumed. The auto-combustion was completed within a minute,
yielding the brown-colored ashes termed as a precursor. The as-prepared powder was then annealed at 600 °C
for 4 hrs. The infrared spectra of all the samples were recorded at room temperature j ran cm” to
800 cm™.on Perkin Elmer infrared Spectrophotometer.
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Fig.1.Schematic diagram for the Sol-gel auto-combustion method.

RESULTS AND DISCUSSION

Infra-Red Spectroscopy: NanocrystallineCug sZngsCeFe, O, ferrite system is illustrated in Fig. 2. IR
spectrum in the range of 200-800 cm™. The investigated absorption band was listed in Table 1. It is observed
from Table 1. IR spectrum displayed two absorption bands at562-627 and 362418 cm™ for the spinel ferrites.
The better frequency band (v,) become due to the stretching vibration of the tetrahedral metallic-oxygen bond
and the decrease frequency band (v») changed into because of the octahedral steel-oxygen bond [13]. The band
positions for all of the investigated compositions are given in Table 1. The trade mside the lattice constant is
chargeable for this shift of the middle ﬁ’equepcms "The increase inside the unit mobile dimensions due to the
substitute of Fe’™ ions via large ionic radius Ce*“ions affect the Fe*’- Ostretching
distinguished reason of trade in band positions. The change inside the frequency g
suggests the choice of Ce’'ions to occupy the octahedral web sites. The height intek
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slightly changes with growing Ce®'substitution. It is understood that the depth ratio is a feature of the trade of
dipole moment with the inter-nuclear distance (dp/dr) [14]. This fee represents the contribution of the ionic
bond Fe-O inside the lattice. Furthermore, it's miles determined from Fig. 2. that the regular mode of vibration
of a tetrahedral cluster(v;) is higher than that of the octahedral cluster(v,), that is attributed to the shorter bond
period of tetrahedral cluster and longer bond period of octahedral cluster. Using the analysis of Waldron [5], the
force regular KO and Kt were calculated.

S0

%
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c.M”
Fig 2. Infrared spectra for the series CugsZngsCeFe,.<Oy.

According to Waldron the force constant K, and K, for respective sites are given by:

K, =7.62xM, xv?x107 )

K,= IO.GZx&xvg‘ %107
% (2)

Where, KO = pressure regular on octahedral site, Kt = force regular on tetrahedral web site, M1=Molecular
weight of tetrahedral web site, M2=Molecular weight of octahedral web page, v;=Corresponding centre
frequency on tetrabedral web page, v. = Corresponding middle frequency on octahedral website online. The
values of forces are summarized in Table 1. The force constant Kt increasing with the increasing Ce’‘content
whereas Ko will increase with the increase in Ce®™ This variation can be associated with the distinction in ionic
radii of Fe’* and Ce’'ions and their occupancy at A and B web sites. Analysis of IR spectra with
crystallographic know-how enables us to decide the Debye temperature and elastic houses. The Debye
temperature (0) of all samples turned into calculated the usage of the wavenumber of IR bands.[14].

Ol = hCVac/k 3)
Where, h = h/27, ok is Boltzmann constant, C is the speed of mild (C = 3x10® cm/s) ay
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Fig.3. Variation of Debye temperature calculated from infrared (01) and elastic (6;)data with Ce®* content.

Table No.1: CuysZn,sCeFe, 0, of (a), (dx), (viand v,), (K, and K;} are Lattice constant, X-ray Density,
Band Position, force constant respectively.

Band position Force constant
Comp. ‘a’ ‘dy’ ] ] 10° K. x 10°
X (A) (g/em’®) | viem™) | v, (em™) (g"n‘; pa {dyneden)
0.0 8.364 5353 566.41 362.45 0.814 1.404
0.025 8.373 5.369 570.63 367.92 0.838 1.429
0.05 8394 5.371 5713 395.51 0.968 1.439
0.075 8.415 5.386 575,17 399.64 0.988 1.467
0.1 8.421 5.391 627.14 418.34 1.079 1.745

Elastic Properties: The elastic properties had been decided the use of infrared spectroscopy [18-20] These
elastic moduli have been calculated the usage of the values of lattice constant ‘a’, X-ray density “dx’, pore
fraction ‘f, and force constant 'K'. Values of lattice constant, X-ray density, and pore fraction are listed in Table
1. The average force steady (K) changed into calculated using the subsequent relation:

k=kt+ko/2 (4)

The bulk modulus of term stiffness comstant C;; was calculated using relation [17] Stiffness constant is
attributed to interatomic binding between metal ions like Fe, Ce, Zn and Co etc in the present ferrite system.

Cu. a= K (5 )
Where, a and Kis the lattice constant andaverage force constant respectively

c xCli
o)
Where,o and ais the Poisson ratio and lattice constant respectively. The o = 0.324 x 1 -1.043f is function of pore
fraction of Poisson ratio. Table 2. represents the Poisson ratio ranges between 0.273 and 0.264, These values

lie inside the range of -1 to 0.5, which conforms with the principle of isotropic elasticity. [13]. Vanatmn of
stiffness censta.nts (Cut and C12) as a characteristic of Ce3+content mateﬂal is shown q0TeL. 3 overed

Stiffness constant (C,,) = (6)
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Stiffness constant is tormented by elements The tlghtness of bonding between the atoms and pressure steady. In
the present machine bonds between Fe’* and Ce* atoms are residual bonds and due to this stiffness constant
increases with growing Ce* content material.

Table No.2: CupsZngsCeFe;. 0, of (K),Pore fraction, o, (C ;;and C ;) are
Mean force constant, Passion’s ratio, Stiffness constant respectively.

Mean Force Pore Passion's
Comp. x constant {K) Fraction - tilo 0‘ Cyy Cqi
(K+K,)
0.0 1.109 0.138 0.274 132.63 | 50.057
0.025 1.134 0.144 0.270 135.38 | 50.073
0.05 1.204 0.148 0.269 143.38 | 52.761
0.075 1.228 0.157 0.268 145.89 | 53.413
0.1 1.412 0.162 0.267 167.69 | 61.081

These 2 stiffness constants used to calculate elastic constants such as; Young’s modulus (E), bulk modulus (K),
and modulus of rigidity (G) [14]. The elastic moduli for cubic structure are calculated as follow [18.].

E
NI CE)

The rigidity modulus (G) is calculated using relation 3 and the version is offered in Table 3. It may be found
from Table.3. The values of rigidity modulus increased with Ce*"substitution. B, G, E increases with a growth
in both Ce’" It indicates that deformation of the solid is easy and the strong has less tendency to spring again to
its equlhbnum role. The Youngs modulus, Bulk modulus, and modulus of rigidity boom with the increasing
Ce’"content. They will increase in elastic moduli may be because of the interatomic binding between diverse
atoms in the spinel lattice.[20]. The inter-atomic bonding among the diverse atoms weakens continuously with
the addmon of Ce’' content and consequently elastic moduli boom with the i mmeasmg Ce*'content material. In
Fe’" — Ce* ferrite repulsion among electrons can be multiplied with the increasing Ce3-+content. [ 14].

M

The longitudinal elastic wave speed (VL) and transverse (Shear) wave pace (VS) became calculated the usage
of the subsequent equations,

C 1/2
Longitudinal velocity V, = [ﬁ) (8)

172
[/ G
Transverse (Shear) velocity V', =| — ®
P

Where, G is tension modulus with correct 0 pore fraction. The values of V; and Vs used to calculate imply wave
speed (Vm) which used to calculate Debye temperature turned into calculated using system.

/3
Debye temperature &5, h 3qu xV = (10)
T k| 4ArTM

Where h, k , M, q and V,, are planks constant, Boltzmann's constant, molecular weight, number of atoms in
the unit formula, and means wave velocity respectively.
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By using relation 8, 9, and 11 values of a longitudinal wave, shearing wave, and mean wave velocity are
calculated. Table .3 reﬂects the longitudinal elastic wave veloc;1ty is increased whereas transverse (Shear) wave
velocity increased with Ce*' substitution. The wave velocities values of are similar to ferrites value obtained
from the UPT method [20]. Table - 3 represents variation of Debye temperature (65) .The Debye temperature
expanded with Ce**substitution. It suggested that lattice vibrations are hindered due to Ce3-+substitution. This
may be because the electricity of interatomic bonding increases with concentration supported by way of our
effects on the version of elastic moduli [19].

The values of Vl/p ana Vy/p are calculated through the Anderson equation [21] proven in fig.4.The increases
with increasing Ce®* ions substitution. [18].A plot of average sound speed (Vim) against Debye temperature (OE)
is shown in Fig.5. It 1s interesting to word from the discern that the common sound pace increases linearly with
the Debye temperature. This behaviour indicates the direct dating among the common sound speed parameter
and the critical Debye temperature [22-23].
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Fig.4: V,/p and Vs/p in opposition to Ce**ion content.

800

780 —
760 —
740 ]
720 —
700 -

/
680 /
1 -

680

Debye Temp. ' q.' (K)

640 4

620 -

600 T T T T T T T v T v
900 1000 1100 1200 1300 1400
Wave velocity ' V_* (m/sec)

Fig. 5: Debye temperature Og in opposition to average sound vel

Jawa
Special Issue on Current Research in Chemistry and Nanosciences (CRCNS- 20223”JUI Tal, Tu:




Asian Journal of Organic & Medicinal Chemistry ISSN Online: 2456-8937
Vol. 7 No. 2 (April-June, CRNSS 2022) UGC CARE APPROVED JOURNAL

Table No.3. CugsZngsCeFe; 04 u(G), (Y), (B), (V1), (Vs), (Vi) and(Og)areRigiditymodulus,young
modulus, Bulk Modulus,longitudinal elastic wave velocity, transverse (Shear) wavevelocity, mean wave
velocity,Debye temperaturerespectively.

Comp. x G Y B V. Vs Vm O
0.0 4229 | 108.03 | 80.88 | 5063.75 | 3217.84 | 885.91 668.375
0.025 4293 | 10949 | 81.23 | 5078.37 | 326342 | 920.52 | 675.348
0.05 45.03 | 11473 | 8461 | 518947 | 3360.16 | 1002.14 | 695.683
0.075 4580 | 11630 | 86.13 | 5192.19 | 3448.12 | 1072.80 | 701.439
0.1 52.73 | 133.58 | 95.36 | 5543.59 | 3749.15 | 1369.18 | 752.291
CONCLUSION

The Ce** substituted CugsZny 5CeFe2.,04. (x = 0.1,0.075,0.050,0.025,0.0). ferrite nanoparticles have been
organized via the usage of the sol-gel auto-combustion approach. The IR spectra confirmed the formation of the
spinel shape and gave facts about the distribution of ions between the two sites, tetrahedral (A-site) at (566-627
cm™") and octahedral (B-web site) at (362-418 cm*).The elastic constants increased with the increase
inCe’‘content. The elastic moduli and Debye Temperature are found to increase with increasing cerium.
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