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RESEARCH ARTICLE

SOL-GEL SYNTHESIS AND DIELECTRIC PROPERTIES OF SAMARIUM DOFED
NANOCRYSTALLINE COBALT ZINC FERRITE.

Shete 5. B,
Department of Eleetronics, 5.G.B. CollegePurmna, - 431511, Inchia.
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Introduction:-

The magnetic and dielectric behavior of fermite nanoparticles has been recently implemenied in vardous technological
applications [1, 2]. The dielectric properties of the ferrite nanoparticles play imporiant rele in advanced technology,
foe example alectromagnetic interface shielding, supercapacitors, seasors [3-3]. The dielectric behavior of the iron
rich axides is due to dipolar moments between divalent and trivalent canons [6]. The spinel ferrite shows unigue
properties as low eddy current loses, high clectrical resistivity and low dielectric loss at high frequency [7]. The
polarization in spinel ferite Is due 10 hopping of electron and holes [8]. The hopping is found to be dependent on
type of cations as well as grain and grain boundary in spinel structurs [9]. The charge polarization can be modifled
by replacement of Fe(lIT} jona by the other trivalent ions in spinel fermite [10]. The cobalt ferrite shows n-type
semiconducting nature and electron hopping is dominent [11].

The rare-corth jons substitution within the spine] ferrite emerged as o promising straiegy W improve the perforrmsance
of spinel ferrite. The aim of this strategy is 1o impaove Structuse, grain size, grain boundaries and type of
semiconducting sature of spinel ferrite. Various synthesis methods have been reported for preparation of nano-size
spinel femrite such as ceramic method, chemical co-precipitation method, chemical spray method and scl-gel auto
combustion method [12-15]. In this context, most suitable low cost kess time consuming poriable sol gel method for
synthesis of Sm doped cobalt ferrite is being persued.

In present studies, the effect of Sm'* doping on dielectric constant dielectric loss and A. C. electrical conductivity of
Ciog +Zmq 510, Fey 04 forrite nanocrystals synthesized by sol-gel guto combostion method have been studied.
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Nitrate); and citric acid CiHgOrHyOwith 4y 049 purity by 8. d. fine, India were dissolved in de-wonized water,
Malar ratic of metal nitrate to cirate was kept as 3:1 for Cog o Fty 35m, Fey /0y composition, All the metals and
citrate solution were transfermed to [000ml beaker; the pH=7 of the mixture solution was maimtained by adding
ammenium hydroxide solution, Then the selution kept on hot plate with continuous gtirring a1 100°C. The solution
was slowly got evaporated and finally turned into thick viscous gel. When all water molecules get consumesd the gl
automatically ignited and tumed into fine ashes as the finul product. The ash was crushed with the help of agnte
mortar pestle to get fine powder. Finally all the powders were heated at S00°C for 6h in hot alr oven to remove all
impurities and used for fusther characlerization.

Characterization technigues

The dislectric measurements were confirmed by two probe technique. The mensurciments wese laken at room
ternperature. The dielectric constunt ("), dielectric loss (e7) and dielectric 10ss 1angenl {1and) and AC conduetivity
were measured os a function of frequency by using (LCR Hi Tester 3520-50) LCRC) mheter,

Result and discussion:-

The variation of diclectric constant (&) and diclectric loss {&"} as a function of frequency at room temperature for all
samples are shown in figure 12 and Ib respectively. From figure it is observed that diclectric constant {£) and
diclectric loss (£7) decreases very rapidly with increasing frequency and remains independent of applied field at
high frequency this is common behavior ohserved in ferrite. The Maxwell-Wanger [I6, 17] mexbel explain
conduction in ferrite, diclectric materials are assumed to be composed of conduction grains separsted by less
conducting grain boundaries. The polarization in polycrystalline ferrite is reporied o be hopping of electrons
hetween ons of same clements in different oxidation slate ol B site [18], When aliernating field is applied, the
electrons mave in the direction of field through the grains by hopping and accumulate at the grain boundaries bo
produce polarization, When frequency of field increases electrons cannot keep up with ficld and lag behind the field.
Ax a result electrons reaching the grain boundaries decreasss; this decreases the polarization and heace the dielectric
comstant and dielectric loss decreases. Tn the prescnt stidy with substittion of samarium content both dilectric
constant {€') and dielectric 10ss (&) decTeases which can be atributed to the increase in grain size. Inerease in griin
size docreases both number of grains and gmin boundarics, result in decrease of the polarization. Similasly am'
sccupy both tetrabedral A site and octabedral B site replaces Fe™* jons in B sites and decrease Fe'"és Fe'' jons on B
site. exchange process of Co®" and Co’” is weak compared to Fe'"eaFe™, hence Fe'* - Fe'' is assume to be dominant
mechanism . .

Diclectric Loss tangent (fand)

Figure 2b shows variation of dielecic loss tangent tand with frequency for all compasstion. The dielectric loss
tangent is Large ot lower frequency and it decreases with increasing frequency. The tan & is the energy dissipation in
dielectric system which is proportional o the imaginary part of diglectric constant (£7). The dielsctric loss tangent
depends upon number of factors such as Fe' content, stoichiometry, structure, and homogeneity and particle size.
At low frequency resistivity of materials is highs mure enstgy is required o exchange of electron between Fe'* and
Fe'" jons and thus energy loss is high. In the high frequency range. which corresponds fo low resistivity 2 small
amersgy s neaded for electron exchangs between Fet* and Fe'ions in the graing and accompanicd by a small eddy
current and hence a decrease in energy loss.[19].
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AL Conductivity:-
The varistion of a.c. conductivity with frequency of Cay ;Zny »5m,Fe,.,0,a1 room temperature is shown in figure 2h.
[t is observed that a.c conductivity increase with increasing frequency, The conduction in ferrite can iakes place with
the help of formation of Fe'* and Fe™ ions at octahedral B site and electron exchange between them; i.e. the hopping
. of electrons through the graing which result in conduction, The hopping rate i frequency dependent. Az frequency
of mpphed field increases the hopping rate increases which increases the conductivity, The eobancement of
conductivity ai high frequency 15 not due o increased conceniration of charge carmiers bul it is due w rate of
mobility of charge carriers. In the present study s.c condoctivity decreeses with the increasing samariem
concentration “x° this is because doping of Sm'* increases the size of grain (3m™ =1.08A) which decreases grain
boundarics ond pumber of grains. Lorger the grains which causes less number of insulating grain boundaries that
helps to decrease resistivity [20]. The maximum conduectivity of doped sample s also due o availability of extra
charge carriers than undoped sample. With increasing concentration of samarium some of Sm™" tons occupying
octahedral B gite, decreases the number of Fe'™ lons on B site means decrease in charpes. So the maximum number
of Fe'" and Fe" jons and enhanced rate of electron exchange between them gives the maximum value of ac
conductivity, same behavior was observed by MohdHashim et al for Ni-Co-Za fereite [19].
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Conclusion:-

The samarum doped cobalt zine ferrite was successfully synthesized by sol-gel method. The dielectric consianl,
r dielectric Joss and dielectric loss tangent were decressed with the increase of Sm*" concentration. The dieleetric

dispersion with frequency was observed and explaimed on the baziz of hopping mechanism of electron. The low

dielectric constan 15 essential for high frequency application,
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