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Abstract

Polycrystalline Cos.TZngiSmrFe2-yo4 with y varying from 0'0 to 0'4 has

be", pi"pu."d by sot- gel auto cornbustion route. Dielectric properties

such as dielectric constant and dielectric loss were studied as a function

of Sm3* substitution and frequency. Dielectric constant decreases with

increasing frequency. The dielectric behavior was explained on th9

basis of iiter facial polarization according to Koops theory. Variation of
AC conductivity with frequency confirms the conduction due to p and

n-type charge carriers.

Copy Right, IJAR, 2018,. All rights resemed.

Introduction:-
The magnetic and dielectric bEhavior of ferrite nanoparticles has been recently implemented in various technological

applicattns [1, 2]. The dielectric properties of the ferrite nanoparticles play important_Io-le in advanced technology,

for example electromagnetic interfaci shielding, supercapacitors, sensors [3-5]. The dielecric behavior of the iron

rich oxides is due to dipolar moments betweei-divalent and trivalent cations [6]. The spinel-ferrite shows unique

properties as low eddy curent loses, high electrical resistivity and low dielectric loss at high frequency [7]' The

polarization in spinel ierrite is due to ho-pping of electron andholes [8]. The hopping isfound to be dependent on

fue of cations as well as grain and grain boundary in spinel structure [9]. The charge polarization can be modified

bj ."plu".-"nt of Fe(Illiions by ihe other trivalent ions in spinet ferrite [10]. The cobalt ferrite shows n-type

simiconducting nature and electron hopping is dominant [11]'

The rare-earth ions substitution within the spinel ferrite emerged as a ptomising strategy to improve the performance

of spinel ferrite. The aim of this strategy is to improve structure, gtain size, grain boundaries and type of

semiconducting nature of spinel ferrite. Viiious synthesis methods have been reported for preparation of nano-size

spinel ferrite sirch as ."rurri" method, chemical io-precipitation method, chemical spray method and sol-gel auto

combustion method [12-15]. In this context, most suitable low cost less time consuming portable sol gel method for

synthesis ofSm doped cobalt ferrite is being persued.

In present studies, the effect of Sm3* doping on dielectric constant dielectric loss and A. C. electrical conductivity of
-oe 

TZns 3smrFe2roa ferrite nanocrystais slnthesized by sol-gel auto combustion method have been studied'

tal
thesis method
reagents were of analYtical grade purification. Required amount of Co(|trO3)2.6H2O

iH,O (Su-urium Nitrate),FedNOr): 9H2O(Ferric(Cobalt Nifate), Zn(NO3)2.6II2O H2O (Samarium Nitrate),FeP{Oj)3\4-



Nitrate); and citric acid CoHsOz.H2Owith gg.g+%purity^by^s' dtfrne, In$a lere 
dlt"lXt^1t de-ionized water'

Molar ratio of metal nitrate to citrate was kept as'3:l"for'Coo.tZna3Smpe2-rOa.composition' A11 the metals and

citrate solution were ffansferred to 1000m1 beaker; the pHsT of the miiture solution was maintained by adding

ammonium hydroxide solution. Then the solution kept on hot plate 
_with 

continuous stirring at 100"c' The solution

was slowly got evaporatJand frnally turned i.t" inilt viscous gel. When all water molecules get consumed the gel

automatically ipited urra **"4 into frne utfro ut tt" final priduct' The ash was crushed with the help of agate

mortar pestle to get fine powder. Finally un tl" po*J.r, *"." heated at 500'C for 6h in hot air oven to remove all

impurities and used for further characterization'

Char zctet'rzation techniques
The dielectri" -"u.*.*.nts were confirmed by two probe techruque. The measurements were taken at room

temperature. The dielectric constant (e,), dielectric loss ie") and dielectric loss tangent (tan6) and AC conductivity

were measured as a t rciionof ftequency by using (LCR Hi Tester 3520-50) LCR-Q meter'

Result and discussion:-
The variation ofdielectic constant (e') 9nd dielectric loss (e") as a function offrequency at room temperature for all

samples are shown in f,rgure la and 1b respectively. From figure it is observed that dielectric constant (e') and

dielectric loss (e") decreases very rapidly with incieasing frequency and remains independent of applied field at

high frequency this i, .o-*on beiravi,or our"*.d in"rerrite. The Maxwell-wanger [16, 17] model explain

conduction in ferrite, dielectric materials are assumed to be composed of conduction gtains separated by less

conducting grain oouoJa.ies. The polariz"ti;; illycrystalline i..rit. it reported to be hopping of electrons

between ions of same elements in different o*iautio"'ttuie at B site [18]' When alternating field is applied' the

electrons move in the direction of field turo"gi, trr" gruins by hopping and accumulale.aj the grain boundaries to

produce polarization. Wh;; fr"a""ncy of fieldln"r.uri, elecfrons "u*it 
keep up with field and lag behind the field'

As a result electrons reaching the grain boundaiies decreases; this decreases ihe polarization and hence the dielectric

constant and dielectric loss decreases. In ttr" p.*""i rt"ov with substitution of samarium content both dielectric

constant (e,) and dielechic loss (e") decreases *ti"r, "uru" 
attributed to the increase in grain size' Increase in grain

size decreases both number of grains unA gruin toundaries, result in d""t"u'" of the p-olarilzaliofi' Similarly Sm3*

occupy both tetrahedral e site and octahedral il;;;G;;F"il io* in B sites and decrease Fe3*++ Fe2* ions on B

site. exchang. nro""*r'oiCo;;;; a;t ts *"ut 
"o*p.ed 

to Fe3+<+Fe2*, hence Fe3* - Fe2* is assume to be dominant

mechanism

Dielectric Loss tangent (tan8)

Figure 2b shows variation of dielectric loss tangent tan6 with.fretuency for all composition' The dielectric loss

tangent is large at lower frequency and it decreasles with increasing frequency. The tan 6 is the energy dissipation in

dielectric system which is pioportional to the imaginary part of dielectric constant (e"). The dielectric loss tangent

depends upon number of factors such as Fe2* conLnt, stoicniom"try, structure, and homogeneity and particle size'

At low frequency resistivity of materials is hig!; more .energy is required to exchange of electron between Fe'* and

Fe3* ions and thus energy loss is high. In ttre high^frequency range' which corresponds to low resistivity a small

e\errg, isree(ed for etectror exchange tat*.* Fa" und F.i*ionr-in the grains and accompanied by a small eddy

current and hence a decrease in energy loss.[19]'
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Fig. 3 Variation of (a) dielectric loss tangent, (b) A. C. Conductivity with frequency

A.C Conductivity:-
The variation of a.c. conductivity with frequency of Cos.TZno3SmrFe2-rOaat room temperature is shown in figure 2b.
It is observed that a.c conductivity increase with increasing frequency. The conduction in ferrite can takes place with
the help of formation of Fe3* and Fe2* ions at octahedral B site and electron exchange between them; i.e. the hopping
of electrons through the grains which result in conduction. The hopping rate is frequency dependent. As frequency
of applied field increases the hopping rate increases which increases the conductivity. The enhancement of
conductivity at high frequency is not due to increased concentration of charge caffiers but it is due to rate of
mobility of charge carriers. In the present study a.c conductivity decreases with the increasing samarium
concentration'x'this is because doping of Sm3* increases the size of grain 1Sm3*:1.09A) which decreases grain
boundaries and number of grains. Larger the grains which causes less number of insulating grain boundaries that
helps to decrease resistivity [20]. The maximum conductivify of doped sarnple is also due to availability of extra
charge carriers than undoped sample. With increasing concentration of samarium some of Sm3* ions occupying
octahedral B site, decreases the number of Fe3* ions on B site means decrease in charges. So the maximum number
of Fe2* and Fe31 ions and enhanced rate of electron exchange between them gives the maximum value of a.c
conductivity, same behavior was obseryed by Mah$I{ashim et. al for Ni-Cu-Zn ferrite [ 1 9] .
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Contlusion:'',:
The samarium doped cobalt zinc ferrite was successfully synthesized by sol-gel method. The dielectric
dielectric loss and dielectric loss tangent were decreased rvith the increase of Sm3* concentration. The
dispersion with frequency was observed and explained on the basis of hopping mechanism of electron.

constant,
dielectric
The low

io'16{E*o'

FXrll[Ix)Bl$:l*lllt'llf 
Iilfr :'i)

rf,.l l,'^-rlilr il l

r ,,'L; )isi i'illi' );),

999

,-F



I-S,SN.. 2320-5407 Int .I Adu. Rpr 6(ql q97-lnn0
T

References:-
1. G. B. Alcantara,L.G. Paterno, F. J. Fonseca, M.A.Pereira-da-Silva, P. C. Morais, M. A. Soler. Phys. Chem.

Chem. Phys. 2013, 15(45), 19853-61.
2. F. E. Kruisa, H. Fissana, A. Peleda. J. Aerosol Sci. 1998, 29,511-535.
3. W. Wang, S. P. Gumfekar, Q. Jiao, B.Zhao. J. Mater. Chem. C. 2073,1,2851-Zg5g.
4. V. V. Jadhav, M. K. Zate,S. Liu, M. Naushad, R. S. Mane, K. N. Hui, S. H. Han. Appl. Nanosci.2076,6,5ll-

5 19.

5. S. D. Waghmare, V. V.Jadhav, S. K. Gore, S. J. Yoorq S. B. Ambade, B. J. Lolfiande, R. S. Mane, S. H. Han.
Mater. Res. Bul. 2012, 47, 4169-417 4.

6. S. K. Gore, U. B. Tumberphale, S. S. Jadhav, R. S. Kawale, M. Naushad, R. S. Mane. Phys. B Phys. Cond. Mat.
2018,530, 177-182.

7 . S. K. Gore, S. S. Jadhav, U. B. Tumberphale, S. M. Shaikh, M. Naushad, R. S. Mane. Solid State Sci. 2017,74,
88-94.

8. R. S. Devan, Y. D. Kolekar, B. K. Chougule. J. Phys.: Condens, Matter 2006, 18, 9809.
9. K. Verma, A. Kumar, D. Varsbney. J. Alloy. Comp. 2012,526,91-97.
10. C. Murugesan, G. Chandrasekaran. Rsc. Adv.20l5, 5,73714-73725.
11. P. P. Hankare, K. R. Sanadi, K. M. Garadkar, D. R. Patil, I. S. Mulla. J. Alloy. Comp. 2013,553,383-388.
12. K.lwauchi, Jap. J. Appl. Phys. 1971, 10, I L
13. S. S. Jadhav, S. E. Shirsath, B. G. Toksha, S. J. Shukla, K. M. Jadhav. Chin. J. Chem. Phys. 2008, 21,381.
14' M. K. Zate, V. V. Jadhav, S. K. Gore, J. H. Shandkar, S. U. Ekar, A. Alosta, M. Naushad, R. S. Mane. J. Anal.

Appl. Pryo. 2016, 122, 224-229.
15. S. K. Gore, R. S. Mane, M. Naushad, S. S. Jadhav, M.K. Zate, Z. A. Alothman, K. N. Hui. Dalton Trans, 2015,

44,6384.
16. J.C.Maxwell Oxford university press, London, 1873,328 .

17. K.W. Wanger. Ann. Phys. 1913,40,81'1.
18. M. A.Iqbal M. ul-Islamn,I. Ali, H. Vt. tchan, G. Mustafa,I. Ali. Ceram.Int.2013,39,1539-1545.
19. M. Hashim, Alimuddir\ S. E. Shirsath, S. Kumar, R. Kumar, A. S. Roy, J. Shah, R.K. Kotnala. J. Alloy. Comp.

2013, 549,349-357 .

20. R. Nongiai, S. Khan, K. Asokan, H. Ahmed, I. Khan. J. Appl. Phys.2012,ll2,O843Zl.

Fl*:Ur.,if$lffil"ii"ii' 
+i t*s t;,"lffilf$ltl',1i5

",mflifrffiii**,,,

1000

ffis#{
r-4'L

ilf.( 1t

I, IC:
IiP'/t,.J

-1',/


