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Diamagnetic Al3* Doped Ni-Zn Spinel Ferrite: Rietveld Refinement,
Elastic, Magnetic, Miissbauer, and Electrical Explorations

PallaviG. Undrer . AshokV. Humbe'z'6.Jitend,a 5. Kounsalyer. Arun Kumara. R.V Katharet. K. M.Jadhav6

Ab5tra<t
Ni06jzno.r5AlrFe2-,Or lhat har been synthesized using a solulion-Selatioo method and calcined at 600'C for 4 h was charac-
terized usinS X-ray diffiaction (XRD), Fouricr transform infilred (FIIR) speltroscopy. scanning elcckon microscopy (SEM),
ard transmission eledron microscopy (TEM). A siogle-ph&se cubic spiriel structure b€longing to the Fd-3 m space group
was confirmed by Ri€tvcld refin€meot. The cation dislributioo that was anlicipatcd using the XRD data devialed from the
preferential occupancy, ard the results ofthe magnetization alralysis supporled this. The two absorplion bands in the FTIR
spcclra correlpondinB to lhe tetrahedral and octahedral sites furlher support the establishment of the ferrite slieleton. Alr+
doping was found lo have a consid€rable impact on the Debye temperatur€, bulk modulus, and sliffness modulus measured
using FIIR data. lnleratomic bonding became strongcr, incrcasing elastic moduli. The morphology was €xamined using
SEM. whose results showed a clurter ofgrains. Additionally, spherical nauoparticlcs with an average sizc of2E om were

visible in the TEM image, which is in good agreement with the crystallite size given by the Williarnson-Hall method. The
M(issbauer analysis and M-H data showed a soft magnetic behavior with coercivily fluctualion. Accordint to Arrh€nius

^plots, 
all sanrpl€s display€d a senriconducting characterisric- With All+ doping, diel€ctric studies revealed a declining trend.

Keyworde Rietveld . Cation dis(ribution . Cocrcivity Mtjssbaucr ' DC Res,slivity . Dielectric loss

l lntroduction tapes. surface mounling devices, ferrocleclric and piezo-
electric devices, medical imaging, anti-microbial activity,
antennas, information stomge devices, iflductors, ferrofl uids,
magneto{:rloric refrigcration. bafcry electrodcs, nragnetic
hyperthermia. etc. are a f€w examples ofth€se applicotions

[6-13]. For, spinel ferrites, the most nolable result is the
strong relirionship b€rween melallic occupancy over inteF
slilial sit€s and the mclhod of prcparation for slructure,
morphology, magnelic. Mijssbauer, electrical, oplical and
diclect.ic properties- Two interslilial sitesr tetrahedral (A)
and octahedral [B] coordinated with four aod six oxygen
atonrs, rcspectively, are prese[t in the spioel structure. The
typical represenlalions uf the ovcrall distribution of cati-
ons of the general tbrmula MFe,O, over lhe (A) and [B]
sires are (Mi: F€:+)an.ilM:+ Fe1:,lq-. rcspecrivety. rhe
divalent cation in this inslance is designated as "M" and the
inversion parameter is "x". Thcy arc categorized rnto lhree
classes based on thc irversion parametcri 

'rormal, 
i'rverse,

and mixcd when x =0. x = I and0<x<l rcspeciively.It is
importaul to note thal lhe synlhesis melhod and preparation
v,rriables hav€ :r siSni,icrnl impact on thc calion distribu-
tion in addition to the alomic size of iron, valences. and

Metal oxides and ferric oxides have diverse applications

[-5]. which make up fcrrites. ar. classificd as spincl, hcx-
aSonal ferritEs and Barnet. Trrnsformers. filters, diBital
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crystal lield. As a resul, academicians ard sci€ntists arE ever

improving the preparation processes U4-l?l to get lhese

materials with b€tter qualities. These methods ofsyrthesis
include co-precipitation, hydrothermal, micro-€mulsion,
sol-gel, elc. The sol-{el self{ombustioo metlrcd is the mosl
promising ofthese methods due to its low proc€ssing tem-
p€rarurc, hiSh yi€ld. high product purily and crystallinity,
improved homogeneity, and ultmfine particle production.

Nunerous studies have lookcd into the struciuml, nrag-

oetic, and cl.ctrical prop€rties of Ni-Zn nanocrystalline
spioel ferritos uE-2ll for their potential use in high fre-
qucncy devices, 8as sfnsinS. maSnctodrclectrlc. oragnelu-

oplic. maSncto-caloric, as RADAR absorbiDg malerials, and

other aclivilies []2-241. Ni-Zn spinel ferrites are naturally
ferrimagnetic materials possessinS mixed crystal structure

belonging to thc Fd-J ,n space group. The chemical stabil-
ity, high perm€ability, m(xlemte magnetism, high Curic tEm-

perature. lou c(xrcivity. and low dielectric losses are further
chamcteristics of Ni-Zn spinel ferrites. Numerous sludies
have showfl that lhe technique of prepamtion, sintcrinS tem-
perature, type, and concentBtion ofdopant all affect the mag-
netic pmperries of Ni-Zn spinel fcr.itcs. TherEfore, by chang-
ing the preparation proc€ss and substio$ng appropriate m€lal

ions, Ni-Zn ferrites can have their physical, nlag clic, Mijss-
banet optical, electrical, dielectric, etc. propedes modified.

Nir-"ZnrFe2oa was produced by Deshmukh et al. [25]
using a urca-assisted combustion proccss, and examined ils
structuml. magnetic, and Mtjssbflucr properties- Accord-
in8 to experimental findings, a sinSle-phase cubic spinel
strudure formcd. Up (o x=0.:[. magnelization enhanced,
and for other values of x. il d.creased. The lincwidth wid-
cnod due to dispersion of the hypertinc tield. The Mdss-
bauer linding suppons the M-H results- This study r€veal€d

that the Ni06Zn0rFetOl composition has the potential
tbr enhanced propcrties aod technolo8ical applications.
Niu6znurFer 5Alo5or was madc by Malisoldi et al. [26]
using the sol gel method and thc impact of anncaling on

its dillerenl prope(ics was assessed. As the annealing tem-
perature increased, the produc€d nanoparticles grew from
the nanoscale to the microscal€. Th€ physical paramet€rs

werc tweakcd, and th€ crystallite size varied in relation to
the annealing lemperature. Ii is revealed that a key laclor
in tailoring lhe prop€rtics of spinel fcrritcs is th€ subslilu-
rion ofsp€cific cations. Qing Ni el al. [27] looked into the

synergisric eEects ofLi-AI codoping on the microstructure,
magnetic and dieleclric properties of Ni-Zo ferrites. The
grain development and cryslal slructure werc significantly
influeoced by the amount of codoping. By usiog resonant
stimulation, Gray et al. [28] showed thal the spincl complcx
Nio6jznol5Fet 2Al0soa is an excellent source of spin cur-
renl. For lhe lirsl lime. an alumioium-substitured Ni-Zn sys-

tenr wa\ prepared by Dessai et al. [29] utilizing nalic acid as

a fucl. The single-phase cubic spinel strudure d€velopment

Q sp.ins".

was ve.ilicd by th€ stroctllral analysis. All of lhe componcnts

of the prepar€d spinel ferri(es were prcsent as mapped by
EDS nrappi0g. lt was discov€redthat the Curie temperature

dccreased with the concenlration of aluminium-
Other nretal oxides rhat have been dopcd with various

dopants and nlad€ using various sy hesis techniqJcs irply that

the phlsicochemical arxl oth€r propertics have be€n significantly
influencqr. These rnaterials ars excell€nt tor a variety oftechni-
cal applications, such as microwa\€ atsorption, suprcapacitor
electod€s, ard electgnagnctic inErfcrcrcc (EMI) shieldin8 erc.

[30-34]. Thus, to improrc thc physicd ptupedes of rnaterials

and incrcasc thcir appropdatcness for various applications, it is
crucial to choose the appropriale substituent [35].

Superexchange ioteructions, which may be finher strenSth-

ened by trivalent Alr+ ions, are rcsporsible for the alter€d mag-
nelic and diel€ctric properties of Ni-Zn ferrites. It is a well
knowD firlt thal chdginS a nonmagnetic rnarerial, such Fer+
to Al3+, rais€li rcsistance and lowen saturation magnetiza-
tion, changing bolh lhe electrical and magnetic properties- All
things consider€d, it can b€ said lhat the insefuon of Al3+ ions
resull\ in a major nodilication in stsucture and cationic oryari-
ation. Furthermorc. lhis helps to lower magnetic coerciviry
and dielectric loss. In light of this, the pres€nt study concen-

uates o[ lhe preparation of nanoparticlcs and how the trivalent
Al* ions impact lhe structurc and cationic organization of
Nir 6rzno 35Al"Fe2,"Oa with x =0.0,0.5, and 1.0. Furthermore,
it aims to a$ess the effects ofstructure and cation distribution
on elastic, magnetic, Mdssbau€r, DC elcctrical and diclectric
pmpe ies via Al3+ inclusion.

2 Experimental

Ni-Zn tirrite that has Alr+ (Nio 65zno 35Al*Fc2-,Oi with
x =0.0, 0.5. and 1.0) inteSrated inlo it was prEparcd using lhe
sol-gcl self-combustion approach. Citric acid (C6HsO7), a
r€ducing agent ofAR grad€. and all nitrates. a sourE€ of metal
ions, w€rc utilized as reccived with no irther puritication. The
rqspecliv€ nr€tal nilmt€s and firel mlio was chos€n in a l:3 in
acconiance with a propcllant chemistry telhnique- Separately,

stoichiom€tric amount of C6HsO7 and Each melal nitmt€ was

dissolved in distilled waler. Then. these vadous solutioos were

clmbined in a bcalier and stirred for fcw minutes- Ammonium
solution was added drop by drop !o adju$ rhe pH level to a neu-

tt-dl mnge (7 pH). The wet 8el was then created by healing this
solution at 80 "C for 4 h. Th€ temperature \ras hfther incrEased

to 120'C once the viscous gel had fomlcd. The viscous gel

started to bubble as soo0 as al1 of the \*rter molecules evapo-

rate. A littl€ whilc later, it b€gan to firc and bum alongside
lhc blazing flints. The auto combustion was hnished quickly,
p'odrcing soft ash. Our past rEports provide a more thorough
explanation of the sylttEsis process I I 9, 36]- A schenratic of
tha chcmical .eaction to b€ carricd ollt is prpsented as follows.
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A mortar and pestle was used to grind lhe loose powder
Il was then heated at 600'C for 4 h to improve crystal-
linity. With the aid of advanced Equipmcnt, thc anncaled
powder was characterized for strucluml, morphological,
elastic, ma8n€tic, MiissbauBr. DC electrical and di€lecrric
invcstigations.

Using a Cu targel, Ko radiation, ,lO kV and,lO mA a Philips
X-rdy diffractometer (XRD), all samples were characterized.

The cation distribution and several sEuctural pararneten w€rE

ioferred from the XRD results. A Perkin Elmer spectmme-
ter was used lo conduc( FflR aoxlyses ofall samples in the

400-4000 cm I range. The elastic propertics were ass€ss€d

using FflR data. For nmrphological analyscs, a scanning elcc-

tron micmscope (SEM. JEOL JSM 6360) lPas used. Further-
n)ore, a trrnsnission electron microscope (TEM, Philips. CM
200) was used to delermine the morphology and particle size.

A pulse field hysleresis tracer was used to measurE the mag-
netizatiofl as a tunction of the applied magnetic lield, which
was t 5000 Oe at roonl temp.raturc. Th€ Mdssbau€r mcasurc-

ments wer€ also p€rformed using a tTCo sourc and a Mijss-
bauer spectrometer (FAST Com Tec 070906), and esch spec0a

was examined using thc Mosswinn 4.0 application. A nalural
iron absorbar servcd as thc velocity calibrator A two-probc
techniquc wi$ us€d to measure thE DC electrical properties as

a function of temperaturE in Ihe range fmm ambient tempera-
turE to 850 K. The clectrical paranrcters such as DC resistiviry,
aclivation energy, dnft mobilrty. charge carfler concentration.
and diffusion coeflicienl were obtained using the DC eleclrical
measuaemeols, Furlhermore. a tworrobe technique was used

to measure thc dlelcctric propenies as lr filnction of frcquency
in lh€ range of50 Hz to I MHz. The dielectric constant for

Nio.652n n.3q F'e2,,Al,Oa

8ot'c

€ch s3mpl€ lpas calculated usioS capacitance that was m€ns-

urcd in parallcl.

3 Results and Discussion

3.1 Rietveld Analy5is

Thc Rietveld refincment paltcms of NL 6fno 35A lxFe2_roa for
x=0.0,0.5. and 1.0 samples are shown in Fig. l. The lines of
black, red and blue, respectively, denote the lines of experi-
nrental intensiti€s, compucd inlcnsities, and lhe ditrerence
tetwen them. Since the discrepancy between the experimen-
tal and calculated XRD patlcros is so minor- that th€y match
quite well. MorEover, thc XRDpanern showed no exlra peaks,

supporling pure phase formation across all samples. All of
the XRD palerns with the Miller iodices (220), (31I ), (222).
(4()()), (420). (51l ), (440). (620), and (533) at cst to lhe cr€a-
tion of a sinSle-phase cubic spinel structure that belongs to
the Fd-3 m spacc group. Additionally, the refinement pamm-
eters arc also inchrded in each refinEd XRD panern. These

numbers show that the refin€ment is in lin€ with the experi-
mental rcsults. The different structural pammeters, including
the lattice pammeter (a), crystallile size (D). X-ray density
(dJ, porosity (P). dislo!'ation dcNity (6), and slrain (€) ot all
sarnples, werE calculat€d frum the XRD dala using formulas
givcn in []71. Thes€ resulls ar€ listed in Table l.

Zin. nltr.tc(0.35) t'erl. ntrirc{2{) ,\l!rnintuN nlrr

hz+k2+tzA

- o.91

kose

, Z><M RDIo'= vrN^r^,

(l)

(2)

(3)

Q sp.r,'g".

NHr

2.1 Chara(tedzation
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whcrc, d inlcrplanar lpaeing, (it,l. /) Miller iidiccs.,l wavclcn8ln,

/ full width at half marima. A angle, Z number of aloms per

unil cell, M molecular $,eight. Na Avogadro numb€r, ds bulk

density and Faverage particle siz6
The latticc pammeter decrca"sed with the Alr+ ion con-

tent- The observed decrease was attributed !o the iooic
radii of Fel+ and All+ ions tring differcnt. Thc dccrcmcnt

is caus€d by the substitutior of lower ionic radii Alr+ ions
(0.06,{ nn, forhighcrionic radii F€r* ions (0.067 nm). This
decrease is consistent \vith sludies in lh€ lit€rature [38].
Scherrer's fornrula and Williamson-Hall (W-H) plot (Fig.2)
study showed lhat the averag€ crystallile size reduced with
an increase in Alr+ ions. from 25 to lO nm and 28 nm to
I5 nm, resp€ctively. The crystallite size values discovered

using w-H aoalysis is in agr...Eent with lhos€ discovered

through the Debye-Scherrer fc.mula. Table I demonstrates

thal thc X-ray deosity rises as thc Alr+ amount does- Thc
lattice paranleter and the X-ray density are inversely con-
neated. Thercfor€, thc drop in lallice paran1eter can be uscd
to explain the observcd rise in x-ray densi(y. Using the

Archim€dcs principlc, the bulk densities of all samples were

calculated, and the results are shown in Table l. According
to Tablc I , bulk density values rangcd fiom 3.638 gnvcmr to
3-5E7 gn/cml. Additionally, it is noled that the bulk density
valucs arc siSnificantly lowcr than thc X-ray density values,
leading to high porosity values. Because of the iocreasinB
value oflhe X-ray density. the % porosity computcd from
r€lalion (5) rcpo(ed in Table I enhanced with the Atr+ con-
l€nr. Furthcrmor€, thc agglomeration of particles durin8
the synthesis is ro account lbr the high values of porosity
(32% to 4i%| Accotding to relalion (6), the dislocation d€n-

sity (6) values of all samples tall between 4.41 x l0r5 and

38.?l x lor5 lines/o'?. Table I lisls the lattice strain values.

which range from l.6l x l0 r to 7.1 x l0-3.

coo

Q sp.ing..

20 (degre6)

20 (dogroe)

20 (d6groe)

t19.1 Rielveld rciined XRD patterns oI Nio6rzno.5Al,Fer-^Or.
x=0.0. o.5. od 1.0 Mplos

Tablc I Srrucrunl pamla€.s
of Nio.6jzq, r jAl.Fer-roa
(x=0-0,0-5 and 1.0) seplq

P (*) D (nn,

XRD W-H

6€

r=0.5
8.312

8.325

8.298

586.9

57 7.t

5t L6

5.358

5.759

6.129

3 638

1.6t7

1.58?

4.,11x l0r5

tl.45x l0rj
lE.7lx l0r5

l.6l x l0_r

2.10x lo_r

7-l0x l0 r

(A) ei"m)

32

10

.t6

25

t4

l0

28

t7

l5
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x=0.00
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rll IIII|ll lrl I

tfl ilt{l(rfitl*rfltttttlilli+l

t_ I tlrll
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FE.2 W+I plols of Nt.6rznonAliFc:_ror. x=0.0, 0-5. od l.O

3.2 Hopping Length (LA and l-B)

The following rolations w€re used to determine the hopping
lenglh for &e tetrahedral (A) (L^) and octahedral [Bl sites
(14) B9l.

'ln
6.

tetra edge (dAxE), octa edge (dBxE), and (dBEU) tbr

alr sarhpres au = o1ffiJ,au = o )u'-iu+a.
d"r, =ql-ze* t,d^" = d\/2\t - 2n),d'a, = o

'4-3u+i
Table 2 provjdes the values for each of these sttuctural

parameters. All of lhese metrics decreas'e with increasing
Alr+ contcnt, as secn in Tablc:. This is so because the lat-
tice parrmeter directly affecls tiese paramet€rs.

3,3 loni( Radil (r^and rB)

Th€ lallic€ parameler "a" and lhe oxygen positional param-
eter "u" (0.381) can be used to compute th€ ionic radius
oft}e tetrahcdral A-site (r^) and the octahedral B-site (rr,
respeclively. Table 2lists the tetrdh€dral and octahedral ionic
radii's rcspective values.

/ l\ /:t^=\u- a)avr-4c ) (9)

t<
r8= \;-u)a-4o.- ) (r0)

wher€ the mdius of oxygen anions is shown by th€ symbol r
(O)-. Table 2lists &e tetrahe&al and mtahcdral ionic radii
values. Bolh ofthese values fall as the AIr+ contcnt rise.

3.4 lntelioni( Diitan(es and Bond Angles

Thc spinel f€rrite structur€ is presentcd schematically in
Fig.3logelher with a bond length and boud angle [401.
Thc interionic dislance bctwecn ions, i.e. th€ cation'cation
(M€-Me) distanc€s (b, c, d, €. f) and carion-anion (M€-O)
distarces (p, q. r. s), were conputed laking into account thc
exp€rimentally observed values ofthe latticc parameter and

/l3ln0

12

\1)

(8)

Table: lists lhe values for th€ L^ and LB hopping lengths.
Both LA and LB decreasc *ith Alr+ content, as shown in
Tabl€ 2. The reduction in thc laxice paramet€r with All+
content is the cause oflhe decrease in hopping lenglh.

Th€ srardard relarions provid€d werE used to calculate the

tetrahedral bond length (dax). octahedral bond length (dBx),

Table 2 Smctu .l prnmete$
or Nio65znonAl,Fc2_.q
(x=0.0.0.5 Md 1.0) samples

flg. ! Sch.nurc tor int$ionic
dishnccs and bond anglcs of
Nr{.6rzn .rAl"Fe,-^o{, (x =0 o)

Slmple La Ll dd((A) dB*(A) d^r(E (A) dB.E 1A) dBx!, (A)

i =0-O \45
1.605

3.591

2.9fi
2_435

2-478

t.899

r.889

1.683

2.o14

2.o32

2-026

2,EIE

2 80:

2193

2.961

2.945

2.916

0.579

0.569

0.563

o.'t23

0.7

0.70r

3. t02

1.08,1

3 075

A-a B-8

Q sprinser

ltlas h i I

M..r

r"
-l\\rts\
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TibL 3 I dionic distancc

valuci (p. q. r s, b, c. d.c and
r) ot Nio 6rzno r5Al,F.,-,O.
(x=0.0,0.5 and I O) $nrples

Q spriasc.

P. 9. d (A)
(A)

I.E9E

t_888

l.8El

.t 65r

l.6ll
2.96t

1.941

2.934

3 .l7l

3..151

3.44t

3.625

3.@5

3.591

5..{38

5.41)1

5.391

5.t21

5.09E

5.082

2.U3
2.O3t

2.024

3.616

3.617

3.605

oxygen positional pafimeler (! = 0.3E I A). These interionic
distances a.e crucial in detcrmining lhe fiEgnetic properties

and are helpful in describing the crystallographic suucture-

Thc following rclations are used to estimate the interionic
bond drstances betu€€n caions and cation-anions, and their
values arE pmvided in Table 3:

3.5 Me-Me diitan<es

, = 
"5(1)

,=,fi(;)

,=fiG)

"=6(+)

t={rG)

3.6 Me-O distan<es

15 \
P = a\E- 

" )

,=,fiQ-i)

,=,{n0-i)

r = av-{\1+ */
According tu Table 3, the interionic distances all shorten

as th€ Alr+ contenl rises- Thc interionic conneclion should
become stronger when lhe Mc-Me and Me-O distanccs are

reduced. The lilerature [41] conlains similar hndings for
sol-gel combustion-pmduced nanocrystdlline spinel ferr!
les. The following relations ar€ used to determine thc bond
anglcs, namely 0r.0r,03,0aafld 0r, betwecn the cations and

cation-anions:

3.6.1 Eondangles

e, = c."-,(n +L-"1

e.= c,,,-' (t +! - "'1
\IPI/

o,=c'"-'(U#)

o,=c.,-'(t:!-t)

e,=c,"-'(tE:!)
The calculated bond anglcs are shown in Table 4. which

indicales lhd Or, €, and 05 decrease with Alr+ contenl, while
bond anglcs 0r and Or increase with Al3+ substitution. fiis
behavior can be attr;b red to the A-A and A-B exchaflge
interaction bcing wealicr, whil€ thc B-B cxchange intcrac-
tion b€coming stronger. Thc va ations in bond anglc valu€s

123.355

l23.l4l
t23.140

r45 017

t.1.1.961

92 828

92.E48

92_851

lz5 9 t2

l15.9l6
125.916

'14_523

'14-4at

Iable4 Bond angl.
vdues (e, q 0j. e{ 8, or
Nio djzft idlrF.l,^O1 (r = 0 0.

SaDplc 0r (dc8Es) er (d.8Eet or{degrccs) oa (desres) e5 (desEs)
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are attributed to cation nearrang€ment with varying superex-
chanSe interactions. As a result, we can anricipate a decrease
in magnelizarion with A13+ replac€menr owing to changes
in bond angles.

3.7 Cation0i5tribution

The cation dislribution was elrablished to establish the sire
occupancy ofth€ cations over interstitial sites (A) and [B].
which is hiShly beocficial for understanding lhe struclural
fearures of spinel ferrites. For tlis objectiv€, the r€lative
intensity calculations approach €mployidg Eq- I I [42] was

used to calculate lhe iotensity ratios for all samples.

Iht, = lFl:h\fLo (l l)

whcrc Ih& is thc inlcnsity ratio, F is the struclure faclor, P

is $e multiplicity factor and ar' is the lrrenz-polarization
factor The multiplicity factor P for powder photographs of
the cubic syslem, i.e., for 422,44O.22O and 400 plane mul-
tiplicilies of2.l, 12, l2 and 6 A, resp€ctively. Only BraSg's
dilTractioo angle determines lrrentz polarisatioo, which is

detcrnincd by Eq. 12 [43].

(Table 5). the closer agreement b€tween ratios was deemed
to represent the ideal cation distriburion, and Table 6 reflecls
this.

Table 6 demonstrales that on rhe AIr'rons rncorpomtion.
nickel ions occupied borh the (A) and [B] sites wherea\ the
dival€nl zinc ions heavily moved tothe [Bjl(rations. Pr€vi-
ous investigations [46--49] have also notcd this occupancy
prcference for spinel ferrites synthesized via lhe sol-*el auto
combustion m€thod, pa,rticularly for Znl+ ions. Additionally,
Tablc 6 demonstrales that AI3+ is prescnt ar both thc (A)
and [B] sites. Ni-Zo ferrites are reponed lo have a mixed
spinel structure, with Zn2+ having strong prefercnce for tet-
rahedral (A) sitos, Ni2+ aod Fe3+ having pretbrence tbr bolh
(A) md (B) liles, and Al1+ having preference for (B) sit€s.

The surf.lce energy is irsumcienl at a nanoscale dimension
to lsale the cations in lheir typical locations. R.dislribu-
tion ofcalions in contrast lo their typical occupancy is lhus
feasible. This rEsuhs in extraordinary propcnics due !o th€
size{cpcndent cation disprsion. Additionally. lhc cstimated
calion distribution was used tocalculale lhe magneton num-
ber (B.it) forall&ree samples, which nratches rhe observed
magncton numbcr (B"5n) calculated using magnetizrtion data
quite well- As a result. both th€ €slimat€d cation distribu-
tion fron nragn€tization data and lhat fronr XRD data are
validated and reported in Table 6.

3.8 FTIR

The successful development of spinel structures
and the existence of the othcr functional enliti€s in
Alr+-substituted Ni-Zn spinel ferrites were investigat€d
using Fourier transform infrared (FIIR) spcctroscopy. Thc
lransmitlance spectra captured iD the wavenumber ranS€

of 350 cm rto4000cm-r are showo in Fig.4. Thc spcctra
contain th€ (wo dominant vibrational mode frequencies (ur

.,=[*#] (t 2)

For the intcnsity ratio calculations, the (hkl) plancs
'220), (400). and \422) '*erc taken into account.
Nio6jZn0.15Fe,,"Al"Oa(x=0.0,0.5,and 1.0) samples cation
distributiol were estimated using some of the peak i[tensity
ratio combinations with the highcst sensitivity for cation
distribution, srch as Iam/I,,0, la,Jl rn, andla',fiaioo144, 45).

These intcnsily ratio combioations and the measured inlen-
sity ratios w€re somparEd. Although there is some discrep-
aocy between the estimated and obs€rved intensity ratios

T.bL5 lnl<nsty rarios and
thek ditr .!nc!s uscd for rhc
6lin.tion of cation distribution
of NhbtzrorrAl,Fc?-,o.
(x=0.0,0.5 and 1.0) snnPl.s

cal ditr ob6 cal diit drll

r-0 5

x= 1.0

0.90 t7

0.9115

0- 9958

0.9006

0.8623

0.9586

0.79Et

0.8015

0.E692

0.4679

0.4703

o.4116

0.3102

0.3341

0.39t6

0.8861

0.EE('7

0.9067

0.3671

0.3353

0.42',72

Lr.uol I

0.0512

0.0372

0.5188

0.5454

0..1653

Table5 Cation disriburion from XRD and magnclization as wcu as magnclon nunlb.r (expcrimenl8l (Ob{) and lhco.crical (Cal)) of
Nio 6rzn0 IrAlrF.:,rOr (x = 0.0. 0.5 and Lo) smples

C,rion di\tribution rion Mrsnelial;on rlB (pB)

tBl s,Ie tBl site C!lOb!

0.0

-'0.5
r=1.0

(Nio 
, rzio qAhr rF.-! 6!)

(Nixolft,:AhroFhr,)

INiosrziorrFer t?l

tlio 
'Z,o.Ato 

,f"o.l
lNiorszh sAb ,oFcoll

INh$zrhsAbrF%,rl
fN'ojlzrbxAh F.iel

2.44

I _52

o.92

2.45

t.53

0.93
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t19,4 FTIR sp..ua of Ni0.65zrbr5AlrFq-ror. x=0.0, 0.5. and 1.0

and Dz). which are located betwecn 570 and 600 cm-r and

380 and 400 cm-t, respectively. Table 7 lisls the values of
the vibrational mode frequenci€s Dr and D2. The slretching
al the intersttial tctrahedral (A) and or'tahedral (B) sublat-

tices is responsible for lhese vibrational mod€ frequcncies,

respectiy€ly. Table 7 demonstratcs how All+ substitution
caused a compositional shifl in tho vibrational mode fre-
quencies. moliflg them toward hiSher l€vels. This change

in frequency amplifies thE fact that the generatcd mixed
Ni-Zn spircl f€rrite matrix underwcnt cationic redistribu-
rion following thc subslitntion of Al3+ ions. The accom-
modalion of th€ Alr+ iorls al both inlerstitial sublaxice

locadons is thus shown by the current outcome of shifting
in vibrational mode frequencies, The cation distribulion
calculated froDr th€ XRD and magnetiz.tion data shows

the sanc thing (Table 6). Additionally, th€ chang. in thc
Fe3*-O2-tlistance betw€en the oclahedral ( 1.99 A) and
tetrahedral (l.89 A) complexcs is lik€ly to accounl ior
the varialion in the vibrational band locations J501. Addi-
tionally, using (he follo\ting equations and th€ Waldron
technique [4.1], th€ force consrants per atom for the the
tetrahedral (A) and octahedral (B) sites were calculated:

k,=7.62xMAxv1xr1-7N/,n (r3)

k" = lo.62x + x4x to-'N ln (14)

,rn.r",luo *Ju" .t*d for the average nrolecular weights

of the calions at lhe (A) and [Bl sites respectively. The
moleculnr weigh(s of the (A) and lBl-sites were calculated
taking ioto accounl thc cslimat€d sitc occupancy and the
rcsults arc shown in Tablc 7. Furthernore. Table 7 lists the
values tbr all samples and the Deby€ temperature (D) deter-

mioed by Eq. 15.

ot,=hcD:* {r5)

where h=h/2n here h is Plinck s constanl. c is the velocity
of lighr, v,,.", = :r+ is rhe averag€ frequency of principle
band positions at tlie (A) and lBl sites, and k is the averag€

force constaul; its valucs are given in Tabl€ 7. The band
positions also move towards higher values as the Debye
temperature with Al3+ content rises proportionally tothem.

T.bh 7 lR absorptoo bands or and o?, for!. cmnatrl &, hir ar th€ (A) &d tal-sites, av.B8e torce consh (k) and D.bF t mp.mluE for
Nio.6,zn0 nA\F.?-,oa (x=0.0.0.5 ud 1.0) smples

(N/m)
9D

(K)(mrl
k

(N/m)

x=0.5

545.00

572.85

605.19

356.00

391.54

4r 3.00

t2'7.69

r33.lx
I]E,5E

7A-2-l

E5.55

85.34

t02 98

tt$.29
1 .96

Lbl€8 Thc bult modulus (B). loogiludinal (vL) rrdsvce (vr) ed cu (v,) war. vclciti.s. .isidity modulu (G). and Poirson! mtio (P)

fd Nio65ziorAlrF.:-.q (r =0 0.0.5 .nd 1.0) spl.s

B
(nr/s)

P

(CPr)

644

6)4
733

Samplc G
(OPx)

x=05
123.00

t31.44

l14.E6

4791

47 t7

4691

2766

2-158

2708

3579

3569

151)4

4t.00
43.81

44.95

0.45

0.48

0.49

Q springo
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3,9 Elasti< P,operties

According to stiffncss constants C ard Cl2, thc bulk modu-

lus (B) is d€termined as B = + (C|| + 2Cr!). According ro
waldron [51], fbr isotropic materials with cubic structure
Cl I .r Cr', il may bc figured out that Cr | = k/a, in this cale
becausc k is the av€mge force constanr; therefore B = &/a.
Tablc 8 lists thc values of lhe bulk modulus. According
!o Table 8, th€ bulk modulus incroases as the Al3+ con-
tent increases. Th€ calculaled values for the longiludinal
and transverse clastic wave velocities (y/ = 1/Crr14l ana

14 = 47161are strown in Tablc 8. we discovered thal the

Al.l* content causes a drop in both €lastic velocities. Addi-
tionally, elastic moduli including the rigidiry modulus (G),
Poisson s ralio (P), and mean elastic wave velocity (Vnl) for
all samples were computed using the formulas Iistcd bclow
[52], and their values are listed in Table 8

( l6)

( 17)

P = 38 - ^4 +2c (t8)
6B

With morc Al3+ substitution. thc clastic modulus valucs
marginally rise, which .ao b€ akibuted lo stronger intera-
tomic bonding belween various atoms ofthe spinel lattice.
Wilh All+ substitution, the interatomic bonds betwcen dif-
fercnl atoms gct strooger over timc, increasing the elaslic
nrodulus.

3.10 SEMandTEM

Figure 5. which shows the porous end lbamlike structure,
was used to conduct the morphological examinations oo all
of th€ slmples. Additionally, it can be seen that grains are

aggrcgated. Becausc of thc high surface ene.ty and mag-
netic interactions between lhe nanoparlicles, aggregations
have been form€d. A non-uniform gmin size can thercfore
be seen in th. SEM images. Moreov€r, TEM of a typical
sample Nio 6jZno.j5FE,Or (x =0 0) was carried out, and lhe
TEM image and particle size distribulion histogram arc
shown in Fig. 6. Thc TEM image amply demonst ates thc
spherical shape and li(lle aggloneration of the particl€s.
The av€rage pa(icle size as obtaincd by TEM as presented

iI TEM histogram is-29 nm, which is consistenl wilh the
size of thccrysrallir€s as €srablished by XRD data and w'H
plots.

Flg.5 SEM imat6 ot Nio65Z.o5Al,Fq-rO& r=0.0.0.5. and l-0

3.11 Magnetization

The M-H hystcr€sas graphs ol'each sample laken al room
tempralure ar€ dirplayed in Fig.7. A symm€tric hyste.esis
curve wilh soll magmlic behavior can be seen in all of lhe

Q springer
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M-H plots. Table 9 lists the values for magnetic properties

such a$ magn€ton numb€r (rld, co€rcivily (Hc), saluration

magnetizctior) (M.), and remanence magnetization (M.). M"
si8nificanlly drops vr'ith Alr+ ion substitution, as shown in
Table 9. Along with M., M, and Hc significantly droppd
when Alr+ ions were substituted. The allerations in th€ (A)-

[B] exchange intcractions arc associated with thc dccline in
th€se magnetic parameters [29, 53, 54].

There are thre€ exchange ioleractions, llamely (A)-(A),

lBl-[B], and (A)-[B], according to N€el's two sublattice
ferri-magnerism model, but the (A)-tB] exchanS€ interac-
tion is the dominanl one [40]. Ahhough rhey arc nol cqual
in siz€, the magnetic momenls al the (A) and JBI locations
Iine up in an anti-parallel way- The difference between the
magoetic moments of the two sublattices, (A) aod [B]. is
therefore thc net magnctic momcnt. The amounl ofdopanl
calions and its maSnctic momenl play a major role in the
exchange interaction. Fe3*. Al3*. Ni2t. and znlt have mag-
netic moments of 5 IB,0 FB, 2 FB. and 0 $8, respec-
tivcly. Octahedlal [B] sites arE more fr€qu€ntly {rcupicd by
Alr* ioos. As a result, rhe (A)-tBj exchange interaction is
weakencd and thc [Bl-[B] cxcha[gc interaction is expanded
when the highly magoetic Fer+ ions that were previously
prcsenr in thc octahcdral sitEs are replac€d by low magnetic
A13+ ions. The observed magnetizalion behavior can be
explained using Neel s model 4f = M, - y, 

'"11"." 
," und

MA are magnetic nronrents at octahedral [B] and telrah€-
drat (A) sitcs, rcspectively. Znr+ and Nir* parrially fillcd
both (A) and [B] sites, according to the catioo distribution
infcrred from magnelization dala (Table 6). Therefore, a

divergence from lhe usual cation prefcrence is seen in the
current work. A{tditiunally. AI3+ substitution !t (A) sit€s
toot the place ofFer- ions, lowering the magnelic momeot
thcre bccausc it has zcro nagnelic nroment. Overall, the
saturation nragn€tization was rlecreased with Alr+ because

lower magnetic momeot Alr+ ions rcplaced highcr mag-

netic moment Fcr+ ions. r1, = {fif yielcls an expcri-
mental magnelon number. The valucs of the theorelical
andexperimental magoeton numbers (Table 6) are io good

agreement with one anothea, The values of remanencc and
cocrcivity with AII+ substitution in Table 9 only slightly
vary, demonslrating the synthesized spinel ferrites soft
magnclic propErti€s. Ths raogc of the remanencc rariu
(M,/M.) was discovered lo be betwEen 0.181 and 0.121.
Lower values of Mr/M. recommended these malerials for
high li€quency devices since they indicated ihe nrultid-
omain charact€r of the particles that r,ray int€ract through
magnelostalic interaclions. The magnetic spin orientation
is determincd by th€ magnctocrystallinc anisotropy (Hk),
which is calculatcd using Eq. l9 and binds magnetization
in a pref'erred dircction.

&.

F
'!
{t't

t19.7 M'H plots oINiu6zq$Al,Fcr-p.. x=0.0,0.5, and l.0sa.l
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Table 9 M.gnetic paramer4 of
Nio 6rzro rjAl,Fe:_!O! (x =0.0.
0-5 and 1.0) samplcs

M! M, H M/M, K
(oe) (oc)

Hr

l.t51.64

34.05

19.58

10.45

4.2t

2.37

1o9.34

E2,3I

25.74

0.18t

0.t21
o.tzl

227.79

t?t.41

51.61

6564.95

291E.46

525.Ot

_- 2KIlr = \ 
(19)

where K is the anisotropy corstant and M. is the satumtion
magnelization. The saturation magnelizalion nnd coerciv-
ily are connectad by th€ anisolropy constant. Table 9 dis-
plays how magnetocryslalline anisotropy d€clines with Alr+
substitution-

3.12 MiirsbauerAnaly5ir

A slrong lool for investagating data on the valencc statc
and magneti€ behavior is the Mt ssbauer techoique. [t also
recognizes wherc the Fe ions are siluated in thc nanoferrite
syst€m within lhe cryslol struclure. In Fig. 8, employing
DIST fonnation, the litt€d Miissbaucr sp€ctra of all the sam-
ples collecled at room temperature are shown. They were
6ttcd with one magnetic sexlet and one doublet referring
to two interstitial sitEs, telrah€dral (A) and oclahedral [B]
sites. Table l0lists the hypernne pammeters d€rived f-rom

fittcd Miissbaucr spectra. Thc increase in line width can b€

attributed to the hyperline field distribution broughl on by
the distriburion of cations ov€r sublattic€s. ln cssence, thc
isomer shifl values tcll us something about the oxidation
state ofFe-ions. The Fe* valeoce states are present and the

Fc:+ valence statc is denied when thc isomer shift values
are less than 0.5 mnr/s. When comparcd to tctrahcdml sites.

octahedral sites have higher isomer shifl values. This ont-
comc can b€ explained by th€ fact that Fel+-O1-compared
to terahedral sites have a hiSher inlerionic dislance. Fer+
ions at octahedral sites are smaller than those at tetrahe-
dral sites as a rcsull ofthis overlap. As a result, octahedral
sites havc isomer shift valucs lhat are highcr than tetra-
heilral siles. Sextets have incredibly low quadrupole split-
ting valu€s (Tablc l0). This is cxplained by the continued
cubic symmelry cvcn afrer signifcanl All+ ion slbstilu-
tion. Higher values of quad.upol€ splitting arE a resull of
the noncubic synrmetry brorrght on by the presence of Fe2*

ions. The magnelic moment. which *ith Atr+ substitution
talls fmm 37.42 to 31.35 T, determines the hyperfine field
pruportional lo spontancous magnctization. The lower mag-
neton number (0 lrB) of Alr+ ions. which take lhe place of
lhe grealer maSnelon number (5 ps) Fer_ ion". is responsr-

ble fbr the dmp in the hypertine fi€ld. As (A)-(A), (A)-[B],

and [B]-[B] exchange interaclions cxist for spinel ferri-
les, it is important to note here that the (A)-lBl exchange
interaction is preftrable among the threc €xchange interac,
rions. ln rhe presenl study. the (Ar-lBlexch.n8e interac-
tion was gr€atly subsidizcd by the inclusion of All+ ions
into the NL6jznor5Feroa matrix. Furthcrmore, a rcduction
in particle sizc can be used to cxplain this. The collective
magnetic excitations are w€aker because the particle size
is smaller. Our Mttssbauer experiments ar€ further sup-
ported by rhe ,act lhal rhe saruralion maglerizalion in our
Nio.65zno jsAlrFe,-roa reduced with the addition of Alr+.
The lileralurc [55, -56] presents similar nndings. Overall,
the superexchange interaction scen in the saturation mag-
netizalion and ahe hyp€rlin€ int€mctions was decreased by
Alr+ replacement.

3.13 DC Eledri<al Propertie5

Using a two-probe method. the DC rcsistivity of
Nio.65zno.35AlrFe,-,Oa. where x=0.0.0.5, and l-0. was
determin€d. Th€ devElopment of high-frequency devices at

the nanoscal€ depends criticauy on lhe DC r€sistivity. Heat
lrearmcnts, rhc kind and conc€ntmtion of doprnts, defccts.
porous nature ofthc material, density, and gmin boundari€s
can all havc ao impacl on how lhe DC resistiviry varics. All
oflhe samples DC r€sistivily plo[s as log v/s IOOO/T.-IwerE
d€v€loped as shown in Fig. 9. Verwey's hopping mechanism
can be used to explain the el€clric transpon mechanism in
lerrites. According to tbis, €lectron hopping betwceo ions
of th€ same €lemenl with diffcrent valcncc states causes

conduction in ferrilc. Thc rcsistivily dccreases wilh rising
temp€.ature, as s€en by all DC r€sistivity charts (Fig. 9). An
improvement io fte mobile charge carriers and an increase
in rcmpcmlurc arc the primary causcs. As a result, thc DC
resistivily drops as temperature rises. All DC resistivity
charts adhcre to the Arrheflius law, whiih is slated as fol-
lows [37]

(20)

Addilionally. Fig- 9 demonstrates thar the AIr+ replace-
ment enhanced thc DC resiitivity- Sinc€ they have a sig-
nilicant afrnity for octahedral siles, the Alr+ sires prevail
over them. Bur it look up space in both octahedral and
tetrahedral structures- All+ ions tale the plac€ of Fei+ ions,

Q sy.i.s*
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Fig.9 DC rcsistivity plots orNiodztro{Al.Fe,-,O., r=0.0,0.5. snd

3,14 Curie Temperature and Activation Energy

Thc DC r€sisrivity graphs also show that the curve rep-
resents the paramagnetic and ferrimagnetic areas, which
are lwo dislinct zones. These areas sugSest unique con-
duction proccsses with variable Nctivation enerSies. The
paramagnctic region, which follows impurity conduction
pathways. corrcsponds to the high-temperature area. The
ferrimagnetic zone follows hopping mechanism and is
prese[t in the low temperature area. The Curie (Tc) tem-
perature has a signilicant influencc on thc phasc tmnsition
from the ferri-to-para magnetic region. The gradieot of
lhe slraighr line corresponding ro rhe exchange interac-
tion chan8es as lhe DC resistivity plot moves through lhe
Curie poinl. The Curie lemperaore ofthal parlicular com-
position is d€t€rdned by rhis change. Table I I lists the
expected Curie temperatur€ tbr each sample. lt is obvious
thal All+ substitution lowers thc Cu e t€mperature. The
weakeninS of rhe A-B exchange interacrion is responsi-
ble for this. The outconres arc comparable to those for

fl98 Miilrbaucr sp.clft of lrro65z&nAlrFrz_,O.. x = 0.0, 0.5. ud

lo\rering the amoum ofFer+ a! the octahedral sites. As a

rcsult. there are few€relcclrons hopping bctwecn Fer+ and
Fel+, which increases rcsistance. Similar behaviorhas been

seen in [57. s8].

Q springer
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Table ll Elc.rical p..ar$ele6
of Nio dszno r5Al.Fcz-,O.
(x=0.0,0.5 a.d 1.0) s.mplcs

ED (ev) E, (ev) AE (cY)
473k 721v 973 k

Tc
(K)

D

0.99

0.E7

0.7E

l.3l
1.06

0.lll

0.32

o.l9
o.l l

9.59

9.22

8.85

9.9x l0{
9.Ex t0r
9.7x l0r

2-2x tvl
l.9x l0r7

t.7x lo.t
1.7 x l0 '
2.9x l0 r

823

127

613

t22)

-$,.*,0'

Itro'-
{ r.aro'
o

tig- 10 Drift itobility plots of Nio6szno$AlrFq-io., x=00, 0.5,

micro spinel ferritc systems described in [59, 60], For rll
ofthe samples.lhe activalion energy was calculated using
Eq. 20 and is shown in Table I l. The paramaSnetic zone
has larger activation en€rgy than lhe ferrimagoetic region.
This is attribuled to the ferrimagnctic region's disordered
magnetic spin relative to the ordcred spin. Thc diffcrence
between the activalio energies of the paramagnelic aod
f(rri agnetic arcas is known as the net achvatlon energy.
With AIl'subslitution. a rcduction in aclivation.ncrgy is

seen. On rhe basis of a reducrion in thc laltice pammeter
with Alr+ substitution, this can be explained. The interi-
onic distances dccrcasc as a rcsull of thc dccrcasc in laltice
parameler As a result. thc numbcr of All* iuns incrrases
while th€ activarion cn€rgy drops.

3.15 Drift Mobility and Dirfusion Coeffi(ient

Additionally, the diffi$ion co€lEcicnt anddrifl mobility werc

ussessed using thc following rclations [61]:

I
(2t)

123\

wh.re, !d is lhe dri| mobility, n is the charge carrier con-
centration, e is lhe charSe on theelectron.p is the rcsislivity,
NA is Avogadro's number, dB is tbc bulk densily, PFe is

the number of iron atoms, M is thc compositions molecular
weiShl, D is th€ difrusion coofficient, o is (he conduclivity.
kB is rhe Bollzmann constant, T is the temperature, and N
is the nnmbcr of atomYcml.

Figure l0 displays the &ift mobility graphs as a tunction
oftemperatun. As the DC rEsistivity decreascs and displays
semiconducling characteristics, lhere can be a noticeable
increase in drift mobilily with temp€rature. In addition. it
decreaseil with Al3+ substitution as DC resistivily increased.

This can be accounted by a deL'reas€ in .harge !arrier con-
cenirarioo with Al3+ ions substitution. Table I I shows tlle
predictcd charge carrier conc€ntmtion using Eq. 22, which
ranges from 9.59 ro E.E5 x lO22 atoms/cmJ. Table I I dis-
plays the values oflhe diffusion coeflicient at three ditrer€nt
temperatures. Thc 6ndings showed lhat th€ diffusioo co€f-
ficicnt increased wilh tcmperature while falling with Alr+
r€placement. This is explained by lh€ subsri(ution of Alr+
ions in thc sub-latlic-c, whrch r€stllts in lh€ production of
cation vacancies and a d€crease in oxygen vacancies. DIift
mobilily and diffusion coemci€nt exhibited behavior that
was quite similar, according to 6ndings 1581.

3,16 Diele(tri( Propertier

By measuring the dielectric conslant (e') and dielectric loss

tangenl (tan6), the dielectric behavior ofall the samples was

investigated as a flrnction of frequency at room tempemture.

Dipolar. ionic, elcctrical, and int€rfacial polarization play a

Najor role in (he dieleclric resF)nse at thi nanoscale. In the

low-frequency range, the dipolar and inlerfacial polariza-
lions prcdominatc.
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conllicts with the DC r€sistivity. In the current sludy, rhe
dielectric constant droppcd with regard to the All+ content
while the DC resistivity incr€as€d. Theretbre, the DC resis-
(ivity behavior provides strong support tbr thr observed
dielectric behavior.

3.17 Dieledri( LossTangent

The energy dissipalion in dielectric materials is measurcd
by the di€l€ctric loss tangent (tan6), which is depEnd€nr
on slructural homogeneity, sloichiometry. and ferric ion
concenlration. Figure ll shows how the dielcctric loss lan-
gent varics in relation to the applied frcquency. At low fre-
quencies, it drops cxponentially and shows a rapid declin€,
whereas at higher fiequencies, it decreases gradually and
approaches a n€arly constant value. The polarization of cati-
ons is thought ro be lhe cause oflhe abrupt drop rn rcsponse

at low frequcncy. This can be explaincd according to lhe
Maxwcll-Wagner intcrfacial polarization modcl [63]. which
is based on a helerogeneous struclure made upofgmins with
low cunduslivity grain borders. Furthermore, it is in line
l,ilh Koops' rheory 16-{l. It is well kno*n that grain bounda-
rics with good conductivity are activc at high frcquencics,
while lhosc wilh weali conductivity are morc active a! lo$
frequencies. Moreover, thedielectric loss tangenl al low lie-
quency is maximum if th€ applied signal fr€quency is lcss
than the hoppinS fiequency of the ions belween Fe3+ *
Fe2+. As a result, the elcctrons obey the lield by bopping
between Fer+ .- Fcr*, and the maximum bss is scen. As
the hopping freque0cy of ion exchange caunot follow the
.pplied signal at higher frequencies, the minimal diclectric
loss langent is s€en. This is th€ primary cause of both th€

large dielectric loss tangent seen at low liequencies and the
low d;electric loss langent seen .rt high frequencies. Thus,

8
! 2oo

s

.9

Using Eq. 24, lhc diclectric constant (€') valucs were calcu-
lated and plottcd ve6us logF, as seen in Fig. I l.

,ct
' =;a Q4\

l.'16.1 Diele(tri(@n5tant

*h€re C is the capacitance.l is thc thickness ofthe sample,
A is lhe area and c'o rs the free space perminivily.

lnv€sdgatioos into (he variations in dielectric constaot
wer€ conducted b€tween 50 Hz and 5 MHz. A large dispcr-
sion was seen at lower frequencies, and it steadily d€creas€d

to a consistent value io rhc higher fr€quency rangc. This
illustrates a typical prop€rty ofthe dielectric coostant. The

elcctron hopping mcchanisn, which causes electric dipoles,
can explain the observed dielectric behavior. According to
fte Marwell-wagner model of i ntcrfac ial F)larization cor-
related to cation polarization is connected with the dmmatic
reduclion io the lower ft€quency range. It is connected to

Koop's theory and is exposcd to the varied struclure made
up of lhc poorly conductive graio boundary The polarization

reduces as liequency increases, which causes the dielectric
constant todmp. The applied frequenry and the polarization

could nol be synchronized. As a rcsult, lha applied frEquency

is not k€pt up wilh by (he electrical exchange bctween F€3+

and Fe2+. Moreover. with All+ replaccment, the reduced
diclcctric coostantis also noticeablc. This is duc to thc Alr+
ions bein8 substitutcd in Ni-Zn spinel tbrrite which sup
press the production ofFel+ and polarization. As a result,
thc dielcctric conslant drops that can bc erplained by thc
few€r €l€.tric dipol€s becaus€ there is less electron hopping

belween Fe3+ and Fe2+. AccordinS to [62], Alr+-substitulcd
Ni-Zn ferriles behaved similarly. h is important to note
that lhe comprrsrlron!l dependence of dielectric cunslant

Q springcr
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the diel€ctric loss tangent ,alls rapidly at low frequency
because the electrons hopping fr€qucncy cannol match the

apphed frequency. However. abnorrnal behavior was seen

in rh€ tbrm of peaks at specifi. frequencies. The observed
abnormal behavior of the dielectric loss tangent can be
€xplained by lh€ rcsonancc effect.It()ccurs whcn thc applied
frequcncy and the frequency al which electrons hoppint
occur from the Fer+ € Fe2+ lransition are almost similar
Peaks are obseoed that result in power loss when th€ oscil-
lating ions receive the majority of their energy whcn thc
hopping frequ€ncy ofth€ charge carriers coiocides with the
applicd lir:quency ofthc eleclric field. The rEsonance eff€ct
in lh€ pres€nt study was observed belweeo 5 and 25 kHz.
Ahhough it spans lhe specin€d fre4uency ran8e. its highest
frequency is ound 20 kHz. This occurs wheD the mrxi
nlum powcr is dclivercd to the oscilladng ions. AccordinS ro

[62], trival€nt ion-subs(ituted Ni-Zn ferrite systems exhibit
a similar loss tangent bchavior-

4 Conclusion

Through a solution-gelation process, nanocrystalline
Ni,, urZoo.rrAl*Fe2-.Oa (x =0.0, 0.5. and 1.0) was succcss-
firlly prcparcd. A singl€-phase cubic spincl structurE with the

Fd'3 m space Sroup lpas discov€red via R;etveld analysis.
The presence of two distioct vibrational frequency baods
correspond to tctrahedral aod oclahcdnl sites, validated the

crcation of&e spinel f€rrite structue using EnR. Addilion-
a1ly, it wac discov€r€d that All+ substtulion had a consider-
able impact on lhe Debye t€mperBlure, bulk modulus, and
stiffncss modulus assessed using Fl'[R data- An aggregatioo
ofgrains and a floppy morphology were visible in the SEM
pictur€s. Additionally, TEM scans showcd thaa thc paniclcs
were spherical in shape. Neel s sublattice model w.rs used

to explain magnetic 6ndings and support th€ir trend with
Alr* replacement. XRD measur€m€nls support the cation
distribution predicted from magnctizalion. Morcovcr, it was

discover€d thal aft€r Alr+ substitution, the hyperfine ,ield
calculakd fronr Mossbauer had a siSnificant impact. The
DC eleclrical rcsistivily behavior suggested that the sample
were semiconducting. Wth Alr+ replacement, the di€lectric
studies revealed a decliring trend- To summarize. these fcr-
rite syslems are excellenl fbr hiSh frequency devices due lo
their high DC electrical resistivity, lolP dielectric loss. and

moderate magnetic charactEristics.
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INFLUENCE OF IRISH IIISTORY AND FOLKLORE IN EDNA O'BRIEN'S
NOVEL MOTHERIRELAND

Dr. Sadashiv Mane
Head, Dept. of English
KMJ Mahavidyalya,
Washi,Dharashiv

Abstract: This research paper explores the profound impact of Irish history and folklo:e on the
narratives and themes found within Edna O'Brien's body of work, with a particular focus on her
novel "Mother keland." Through an in-depth analysis of the historical context of Ireland, as well
as the iacorporation of rich folklore and mythological elements, this paper delves into the
intricate tapestry that O'Brien weaves to portray the complex layers of Irish identity and cultural
heritage. It investigates the role of Irish history in shaping O'Brien's characters, settings, and
plots, revealing how O'Brien's personal experiences intersect with the larger historical narrative.
The paper also examines how Irish folklore and mythology are utilized to enhance the depth of
her storflelling, infusing her novels with a distinct sense of Irishness. By exploring specific
themes, motifs, and character development, this research paper highlights the profound and
lasting influence of Irish history and folklore in Edna O'Brien's novel Mother lreland and
underscores her significant contribution to kish iiterature.
Key Words: (The Troubles, Celtic Mythology, The Banshee, Pooka or the AosSi, Otherworldly
Figures)
Introduction: Edna O'Brien is a highly influential Irish author known for her compelling and
thought-provoking literary contributions. Bom in County Clare, Ireland, in 1930, she has
gamered intemational recognition for her works, which often explore the complex landscape of
Irish identity, culture, and history. O'Brien's writing style is characterized by its lyrical prose,
deep emotional resonance, and a keen sensitivity to the human condition. Throughout her career,
she has tackled both the personal and the political, delving into themes such as love, desire,
conflict, and the enduring impact of Irish history and folklore on the modern psyche- Her literary
cannon comprise The Country Girls, Girl with Green Eyes, Girls in their Married Bliss. Down by
the River, Night, A Pagan Place, August is a Wicked Month, Casualties of Peace, Johnny I
Hardly Knew You, The High RoadTime and Tide, House of Splendid Isolation, Wild December,

In the Forest, The Light of Evening. The Little Red Chairs, Sister Imelda, and Crossing.
Edna O'Brien has made a substantial and lasting contribution to Irish literature by addressing a

wide range of themes and issues in her works. Her writing is characterized by a lyrical and

evocative style that captures the complexities of Irish identity, history, and culture. Some key

aspects of her broader contribution to kish literature include:
Exploration of Irish Identity: O'Brien's works often delve into the multifaceted nature of Irish
identity, especially in the context of modernity and the challenges of historical legacies. She

examines the tensions between tradition and progress, often with a focus on the personal and

emotional struggles of her characters.
Feminism and Gender: O'Brien is known for her feminist perspectives and exploration of
gender dynamics in Irish society. Her writiags have highlighted the struggles and aspirations of
women, contributing to a broader feminist discourse within Irish literature.

Madhya Pradesh Journal of Social Sciences 28:2(iii) (2023) I
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Capturing Irish Rural Life: O'Brien's early works, including The Country Glrls trilogy, are

celebrated for their vivid portrayal of rural Ireland. She provides a window into the lives,
raditions, and challenges of Irish rural communities.
Engagement with History and Folklorer As exemplified by Mother lreland, O'Bien has a
unique ability to weave history and folklore into her narratives. Her work bridges the gap
between the past and the present, emphasizing the enduring influence of history and culture on
the Irish people.
ln this context, Mother lreland is a significant work by Edna O'Brien, published in 1976. This
novel (basically a Non-fiction) presents a poignant exploration of the enduring legacy of Irish
history and the profound influence of the land itself on the Irish people. The narrative revolves
around Fidelma, the central character, who retums to Ireland after years of living abroad.
Fidelma's joumey is a quest to reconnect with her homeland, her family, and her roots. As she
navigates her past and the present, the novel delves into themes of identity, displacement, the
impact of history, and the deep ties between the Irish people and their native land.By-andJarge,
Mother Ireland is a significant addition to Edna O'Brien's body of work, reflecting her
overarching themes and writing style. The novel fits into her oeuvre due to her continues
exploration of Irish identity, the impact of his:ory, and the enduring connection between the Irish
people and their homeland. It builds upon her previous works that delve into these themes.
O'Brien is always distinctive for lyrical prose and it's the hallmark of Mother lreland, just as it is
in her earlier novels. Her evocative language is consistently present, immersing readers in the
world she creates. Mother lreland pimarily focuses on the broader themes of Irish history aad
folklore; it still contains elements that reflect O'Brien's engagement with feminism, as seen
:hrough the complex female characters in the novel.The novel also retains O'Brien's
characteristic style, blending a sense of realism with elements of magic and the otherworldly
figures. This blending ofthe everyday and the mystical is a recurring feature in her works.
This paper aims to provide a comprehensive analysis of the influence of kish history and
folklore in Edna O'Brien's Mother lreland. Through a detailed exploration of the historical
context, the incorporation of folklore and mythology, thematic elements, and character
development, this research also aims to illuminate the depth and significance of O'Brien's
narative. By examining how O'Brien intertwines history and folklore within the novel, this
paper seeks to shed light on her role in the broader context of Irish literature and her contribution
to the exploration of lrish identity. Ultimately, this research paper will contribute to a deeper
understanding of Edna O'Brien's literary legacy and the enduring impact of Irish history and
culture on her work. And how Edna O'Brien's Motherlreland reflects and draws upon Irish
history and folklore to convey a sense of Irish identity and cultural heritage.
As, the historical backdrop of Ireland during the time of Motherlreland (published in 1976) was
characterized by several significant events and ongoing issues. Understanding this context is
crucial in appreciating how it influenced Edna O'Brien's writing and her portrayal of Irish history
within the novel:
The Troubles: During the 1970s, Northem Ireland was engulfed in the ethno-nationalist conflict
known as "The Troubles." This period saw intense sectarian violence, political unrest, and the
British army's presence in Northem keland. The Troubles had a profound impact on the entire
island of Ireland and cast a lon_s shadow over its history.
Social and Cultural Change: The 1970s brought about social and cultural changes in Ireland,
particularly in the Republic of Ireland. It was a time of transition from a more conservative and

2Madhya Pradesh Journal of Social Sciences 28:2(iii) (2023)
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narrow-minded society to a more modem and globalized one. This shift had implications for
Irish identity and cultural dynamics.
Economic Challelges: Ireland faced economic challenges during this period. The country
grappled with high unemployment, emigration, and an economic downtum that affected the lives
of many Irish people.
Edna O'Brien's Mother lreland reflects the turbulent historical context of 1970s Ireland in several
ways to address few:
The Troubles: O'Brien's portrayal of Irish history and its lasting impact on the kish people is
intertwined with the Troubles. The novel alludes to the con{lict and its consequences,
showcasing how historical trauma continues to reverberate in the lives of the characters. It delves
into themes of division, [oss, and the enduring psychological scars left by the Troubles.
Cultural Shifts: The novel captures the changing cultural landscape of Ireland during the 1970s.

O'Brien's writing reflects the tension between tradition and modemity, exploring how Irish
identity is affected by evolving cultural norms and values.
Economic Hardships: Economic challenges and emigration are depicted in the novel, especially
through the experiences of returning emigrants like Fidelma. O'Brien's characters grapple with
the economic difficulties of t}re era, shedding light on the relationship between economic
struggles and Irish history.
O'Brien's portrayal of Irish history in Mother lreland is not just a static representation of the past

but a dynamic engagement with the historical context of her time. She weaves these historical
threads into the narrative to create a tapestry that reflects the multifaceted nature of lrish history
and its enduring impact on the Irish psyche. By doing so, she contributes to a broader
conversation about how history and folklore shape Irish identity and cultural heritage, making
her work a significant contribution to Irish literature.
So, identifying instances of Irish Folklore and Mythology, Mother lreland by Edna O'Brien is
imbued with the rich tapestry of kish folklore and mythology, intertwining these elements with
the narrative to create a vivid portrayal of Irish identity and cultural heritage. Here are some
prominent instances:
Celtic Mythology: The novel references Celtic mythology, particularly through the symbolism
of the land and its connection to the Irish people. The landscape, with its ancient hills, rivers, and

natural features, is personified and revered, echoing the reverence found in Celtic myhs for the

land and nature.
The Banshee: The Banshee, a supematural figure from kish folklore associated with death and

mourning, makes al appearance in the novel. This element adds an eerie and mystical dimension
to the narrative, reflecting the influence of folklore on the characters' beliefs and perceptions.

Mythicat Figures: O'Brien introduces mythical and archetypal figures who embody the spirits

and essence of the Irish landscape. These figures are reminiscent of characters from kish
folklore, such as the Pooka or the AosSi (the supernatural race of fairies), and they contibute to

the novel's dreamlike, oaherworldly atmosphere.
By and large, folklore and mythology tn Mother lreland play a crucial role in accentuating the

novel's central themes. The reverence for the land, for example, underscores the theme of kish
connection to the homeland. The Banshee's presence emphasizes themes of death, mourning, and

the enduring influence of the past.The characters in the novel are deeply influenced by Irish

folklore and mythology. Fidelma, the protagonist, experiences a profound connection with the

land, shaped by the myhical elements of Irish culture. The otherworldly figures encountered

throughout the narrative evoke a sense of enchantment and mystery, impacting the characters'

J
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perceptions of their own identities and the world around them.Folklore and mythology are
interwoven into the plot to create a sense of mysticism and to highlight the characte.s' joumeys
of self-discovery. The Banshee's appearance, for instance, marks a pivotal moment in the story,
where the characters confront their past and the weight of Irish history.At the same time, folklore
and mythotogy serve as a lens tfuough which lrish identity is portrayed in Mother lreland. They
embody the deep-rooted connection between the Irish people and their land, encapsulating a

profound sense of place and heritage. These elements reflect the enduring influence of Ireland's
cultural and mythological past on the present, conveying a sense of continuity and shared history.
The folklore and mythology in the novei contribute to the broader understanding of Irish identity
as something intimately tied to the land, the past, and the enduring spirit of the Irish people. They
add depth and dimension to the novel, making it a powerful representation of Irish culture and
heritage.
Mother lreland by Edna O'Brien is rich with recurring themes and motifs that serve as the
backbone of the narrative, underpinning its exploration of Irish history and folklore. Some of the
prominent themes and motifs include:
Homeland and Identity: The concept of homeland and its significance in shaping personal and
collective identity is a central theme. Fidelma's return to keland and her quest to reconnect with
her roots represent the theme of identity anchored in the Irish landscape. Also, the theme of
homeland and identity is intricately linked to Irish history. The novel explores how Irish history,
particularly the struggle for independence and the enduring presence of British colonialism, has

shaped the Irish people's connection to their homeland. This historical context informs Fidelma's
joumey and the characters' complex relationship with Ireland.
Family and GenerationalDynamics: Family relationships and generational dynamics are

recurrent motifs. The tensions and bonds within Fidelma's family mirror the complexities of kish
history and the legacy passed down through generations.The tensions within Fidelma's family
mirror the generational conflicts that have arisen from Ireland's turbulent history. The novel
delves into how historical events, such as the Troubles, have left lasting scars on families and
communities, affecting the relationships between parents and children.
The Land and Nature: The Irish landscape, with its hills, rivers, and natural beauty, is a motif
that symbolizes the connection between the Irish people and their land. The land is not merely a
backdrop but a character in its own right, embodying the essence of Irish folklore's reverence for
nature. As wellthe motif of the hish landscape aligns with the reverence for the land found in
Irish folklore and mythology. It portrays the enduring connection between the Irish people and
their natural surroundings, emphasizing how history has influenced this deep bond.
Death and Mourning: The Banshee, a supernatural figure associated with death and mouming
in Irish folklore, is a recurring motif. It underscores themes of loss and the enduring impact of
historical traumas and conflicts.The presence of the Banshee serves as a symbol of death and
mourning, linking the novel to Irish folklore. It evokes the emotional weight of Irish history.
particularly the violence and loss experienced during the Troubles, which continue to cast a
shadow on the Irish psyche.
Mythical Figures and Folklore: Throughout the novel, mythical and folkloric figures make
appearances, adding an element of mysticism and fantasy. These figures symbolize the deeper,
spiritual connection of the Irish people to their cultural heritage.The appearance of myhical and
folkloric figures underscores the mystical and enchanting aspects of Irish culture. These figures
represent the enduring presence of foiklore in Irish life, connecting the characters to their cultural
heritage and the myths and legends that have shaped their worldview.The recurring themes and
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motifs in Mother Ireland not only provide depth to the narrative but also offer a lens through
which to explore the profound influence of Irish history and folklore on the characters, their
experiences, and their sense of identity. These themes and motifs add layers of complexity to the
story, emphasizing the intertwined relationship between the Irish people and their cultural
heritage, which has been deeply influenced by the historical context in which they live.
ln Mother lreland, Edr'a O'Brien crafts characters whose backgrounds and experiences are

intricately linked to Irish history and folklore. These characters serve as means of expressionfor
the exploration of kish cultural and historical context, and their interactions with folklore and
history play a pivotal role in shaping their development:
Fidelma:Fidelma, the novei's protagonist, embodies the diasporic Irish experience. Having spent
time abroad, she retums to keland with a deep longing for her homeland. Fidelma's connection
to Irish history is reflected in her sense of displacement and her quest to rediscover her Irish
identity. Her interactions with folklore, particularly through the presence of the Banshee,
highlight the weight of historical trauma on her psyche and her joumey of self-discovery.
Fidelma's Mother:Fidelma's mother represents an older generation, one that lived through
significant historical events such as the struggle for kish independence and the Troubles. Her
experiences reflect the generational impact of Irish history, with the memories of conflict and
loss deeply ingrained in her character. Her connection to folklore and traditional beliefs mirrors
the enduring presence of these elements in the lives of the older Irish population.
Otherworldly Figures: Throughout the novel, characters encounter mythical and folkloric
figures that embody the spirits of Irish history and culture. These figures, often associated with
the land and natural elements, serve as catalysts for the characters' personal and spiritual
development. They blur the boundaries between reality and mythology, highlighting the
profound influence of folklore on the characters' perceptions and their sense of lrish identity.
The Community: The broader community in the novel reflects the collective experience of the
Irish people. Their interactions with one another and with the land underscore the communal ties
to Irish history and folklore. These interactions reveal the shared cultural heritage and the
enduring impact of historical events on the community's identity.Thus, the characters in Mother
Ireland collectively represent different facets of the Irish experience, influenced by the historical
and folkloric elements that permeate their lives. Their individual journeys of self-discovery and

their relationships with folklore and history provide a nuanced portrayal of the multifaceted Irish
identity. Through these characters, O'Brien explores the ways in which Irish history and folklore
have shaped the collective and personal narratives of the Irish people, shedding light on the

enduring impact of the past on the present.

Mother lreland by Edna O'Brien has gamered significant attention from scholars and critics, who

have examined the novel's pofrrayal of Irish history and folklore. Their interpretations shed light
on the role of these elements in the narrative. Here are some critical perspectives on the novel:

The Lyrical Weaving of History and Folklore: Many scholars have praised O'Brien's lyrical
prose and her skillful integration of Irish history and folklore into the narrative. They argue ahat

her poetic style enhances the reader's immersion into the cultural and historical context, making

the novel a profound exploration of Irish identity.
The Legacy of Historical Trauma: Critics often emphasize the novel's portrayal of the lasting

impact of historical trauma, particularly the Troubles. They argue that Mother Ircland serves as a

poignant reflection on how Irish history has left emotional and psychological scars on the

characters, illusrating the collective trauma of the Irish people.
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The Revival of Folkloric Elements: Scholars have highlighted how O'Brien revives and re-
imagines traditional Irish folklore and mythology. They see this as a conscious effort to connect
with the cultural roots and beliefs of the Irish people, emphasizing the enduring presence of
folklore in modem kish life.
Conllict and Identity: Many interpretations focus on the theme of conflict, both personal and
societal, and its relationship with Irish identity. The characters' struggles and interactions with
the Banshee, as a representation of conflict and death, symbolize the complexity of kish identity
in a historical context marred by violence and division.
Generational Dynamics: Critics have explored the generational dynamics within the novel,
particularly how older characters who lived through historical events like the struggle for
independence view the world differently from younger characters like Fidelma, who are
grappling with the aftermath of those events. This generational gap reflects the evolving nature
of Irish identity.
The Land as a Character: Scholars often note the land's role as a character in its own right,
highlighting the significance of nature and the environment in the lives of the characters. The
Irish landscape, as described by O'Brien, is seen as a representation of the enduring connection
between the Irish people and their homeland.In prdcis, Mother lrelandtnderscores the novel's
profound exploration of Irish history and fblklore. Scholars recognize O'Brien's skill in blending
these elements with lyrical prose to create a vivid portrayal of Irish identity and the enduring
impact of history and culture. The novel serves as a poignant reflection on the lasting effects of
historical trauma, the importance of folklore in modern Irish life, and the complexities of Irish
identity in a changing world. These critical insights contribute to a deeper understanding of the
novel's significance in the context of Irish literature and its exploration of cultural and historical
themes.
In conclusion, Mother lreland aligns with Edna O'Brien's wider contributions to Irish literature
by exploring Irish identity, history, and culture, while maintaining her signature writing style and
thematic concems. The novel adds depth to her literary legacy, offering a poignant examination
of Irish history and folklore and their role in shaping the identity of the Irish people, thereby
solidifying her position as a significant figure in Irish literature.
In researching Mother Ireland by Edna O'Brien, several key findings have emerged:
Irish History and Folklore as Integral Elements:Motft er lreland weaves Irish history and
folklore into its narrative, making them integral to the characters and themes of the novel.
Enduring Impact of Historical Trauma: The novel underscores the lasting impact of historical
trauma, particularly the Troubles, on the hish people. This legacy continues to shape the
characters' identities and their perceptions of the world.
Complex Irish Identity: The characters in the novel embody the complexity of Irish identity,
where personal and collective identities are deeply intertwined with the historical and folkloric
elements of Irish culture.
The Role of the Land: The Irish landscape is personified and revered in the novel, symbolizing
the enduring connection between the Irish people and their homeland, reflecting Irish folklore's
reverence for nature.
Generational Dynamics: The generational dynamics within the novel illuminate how historical
events have affected different generations of Irish people, emphasizing the evolving natwe of
Irish identity.
Thus, the research findings emphasize the profound significance of Irish history and folklore in
Mother lreland. These elements are not mere background details but are intricately woven into
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the fabric of the narrative, shaping characters' identities, conflicts, and their relationship with the
land. The novel serves as a poignant reflection on the enduring impact of Irish history and
culture, shedding light on the collective trauma and complexity of Irish identity in the context of
historical and folkloric influences. In the broader context of Edna O'Brien's body of work and
Irish literature, Mother lreland stands as a testament to her skill in capturing the complexities of
Irish identity and the interplay between history and culture. It continues her exploration of these
themes, employing her lyrical prose and her engagement with feminism, while also introducing
an otherworldly and mythical dimension to her storytelling. The novel enhances her literary
legacy and contributes to the broader conversation about Irish literature's role in preserving and
evolving Irish identity and cultural heritage. Mother lreland is a poignant and evocative
representation of the enduring influence of Irish history and folklore on the Irish people and their
ongoing search for identity and belonging.
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A CRITICAL ANALYSIS OF POPULAR CULTURE AND YOUTH IDENTITY IN
ANITA BROOKNER'S NOVEL'HOTEL DU LAC'

Dr. Yaibhav Harishchandra Waghmare (Guide)
Associate Prof., Dept. of English,
Shriman Bhausaheb Zadbuke Mahavidyalaya, Barshi
MR. Kundalik Dnyandeo Gund (Research Scholar)

Abstract: This article critically examines the portrayal of popular culture and youth identity in
Anita Brookner's novel "Hotel du Lac." It explores how the protagonist's interactions with
popular culture and her own evolving sense of identity reflect the broader cultural and societal
context ofthe novel. Anita Brookner's "Hotel du Lac" is a classic work of literature known for its
intricate character development and exploration of themes related to identity and social
expectations. In this article, we delve into the representation of popular culture and youth identity
in the novel, seeking to understand how these elements contribute to the broader narrative. In her
each and every novel, women are the protagonist. The stories revolve around the female or
woman character and the male characters are for the supporting but what kind of thought and
what kind of psychology is there while depicting the Popular Culture and Youth Identity in her
novels is very important and will be interesting to study.
Key words: Popular Culture, youth identity, 'Hotel du Lac'
Introduction: Anita Brookner's "Hotel du Lac" is a classic work of literature known for its
intricate character development and exploration of themes related to identity and social
expectations. In her each and every novel, women are the protagonist. The stories revolve around
the female or woman character and the male characters are for the supporting but what kind of
thought and what kind of psychology is there while depicting the Popular Culture and Youth
Identity in her novels is very important and will be interesting to study. In this article, researcher
investigates into the representation of popular culture and youth identity in the novel, seeking to
understand how these elements contribute to the broader narrative.
Objectives:
The primary objectives of this research are to:

F Analyze the protagonist's engagement with popular culture and its impact on her identity.
D lnvestigate how Anita Brookner uses the novel to comment on the prevailing societal

attitudes toward women's roles and expectations during the era in which the story is set.

Importance of the Research:This study is crucial in understanding the ways in which literature
can reflec! and critique popular culture and societal norms. "Hotel du Lac" serves as a

microcosm of the cultural and social forces that shaped the lives of women in the late 20th
century. The present study is A Critical Analysis of Popular Culture and Youth Identity in Anita
Brookner's Novel 'Hotel du Lac'.
Literafure Review: Hunger Art: The Novels of Anita Brookner (1995), is a valuable article
composed by Ann Fisher. Olga Kenyon in her book "Women Novelists Today: A Survey of
English Writing in the Seventies and Eighties, (1989) MALCOLM, Cheryl Alexander.
Understanding Anita Brookner. Columbia: University of South Press. Prior research has

highlighted Anita Brookner's nuanced character development and her focus on the interior lives
of her female protagonists. These studies provide a foundation for our analysis of popular culture
and identity within " Hotel du lttc."
Methodology: For this analysis, we selected " Hotel du Lac" as the focal point. We closely
examined the protagonist Edith Hope's relationship with popular culture, her evolving sense of
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idpntity, and how these aspects interact within the novel. Researcher has selected analytical
rhethod for Aaalysis of Popular Culture and Youth Identity in Anita Brookner's Novel 'Hotel du
Lac'.
Analysis and Findings: Anita Brookner is especially known as a feminist writer in the modem
era. She depicted female characters in most her novels as a main character or as a protagonist.
"Hotel du l"dc" presents Edith Hope, a writer who grapples with the influences of popular culture
on her identity. Her struggles with her own image and expectations are mirrored in her writing,
reflecting the larger societal expectations of women at the time. Her interactions with other
characters and the cultural artifacts of the era, such as books and magazines, reveal the extemal
pressures that shape her sense of self.
Influence of Popular Culture on Identity: The novel showcases how popular culture exerts a
significant influence on the protagonist, Edith Hope. Her awrueness of societal expectations and
the portrayal of successful individuals in popular cultue create a conflict within her as she
grapples with her own identity. This highlights the pewasive impact of popular culture on
individuals' self-perception.
Challenges of Non-Conformity: Edith's decision to break away from societal norms, as seen in
her chosen life of solitude in the hotel, illustrates the challenges individuals face when they resist
the pressures of popular culture and societal expectations. Her isolation serves as a metaphor for
the isolation that can come with non-conformity.
Critique of Gender Expectations: Tfuough Edith's character, the novel offers a critique of the
gender expectations and limitations placed on women during the time the story is set. The
portrayal of Edith's inner conflicts and the role of popular culture in shaping her identity
highlight the broader issue ofhow women were defined by societal norms and expectations.
Timeless Themes: Despite the novel's specific historical and cultural context, the themes of
popular culture and identity explored in "Hotel du ktc" remain relevant. The pressures and
influences of popular culture on one's sense of self are enduring concerns that resonate with
readers across different eras.
Anita Brookler's Slbtle Commentary: The novel's subtlety in addressing these themes is a
testament to Anita Brookner's skill as a writer. She uses Edith's character and her interactions
with popular culture as a means of offering a nuanced commentary on ahe complexities of
identity and societal expectations.
Discussion: The novel highlights Edith's internal conJlicts and societal pressures as she

navigates the cultural expectations of femininity. Through Edith's character, Brookner critiques
the limitations and expectations placed on women in her time. The novel serves as a commentary
on how popular culture and societal norms influence women's identities.
Conclusion:"llotel du lttc" by Anita Brookner offers a profound exploration of how popular
culture and societal expectations can shape the identity of women. The novel's complex character
development and narralive style allow us to understand the multifaceted ways in which
individuals respond to and negotiate with popular culture in the quest for self-identity. Here are
some conclusions that can be drawn from the analysis of popular culture and youth identity in
Anita Brookner's noyel "Hotel du lttc":
References:
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CHILD LABOUR IN INDIA: A COMPRETIENSIYE STI]DY ON }.IOLATIONS OF

CIIILD RIGHTS

Dr Sadashiv C Mane
Head, Dept. of English, K M J, Mahavidyalaya, Washi, Dharashiv.

Abstract
This research paper examines the issue ofchild labour in India, focusing on its prevalence, root
causes, consequences, and the effectiveness of existing legal and regulatory frameworks. The

study aims to shed light on the violation ofchild rights within the context oflabour exploitation
and propose recommendations for policy improvements. Child Labour in lndia remains a

significant and persistent issue, affecting millions of children across the country. It involves

the engagement of children in economic activities, often under conditions that a.re exploitative
and harmful. The problem is multifaceted, stemming from various socio-economic factors,

cultural norms, and insufficient enforcement of existing laws.

Key Words: Poverty, Education, Law, Health, Trauma, NGOs, MGNREGA, ICPS, NCPL
Introduction

India has one of the highest numbers of child Labourers globaUy. Children are

employed in diverse sectors such as agriculture, manufacturing, construction, and services.

Child Labour involves children below the legal working age, typically ranging from 14 to 18

years, and sometimes even younger. Children are engaged in various types of work, including
hazardous and strenuous tasks. Common occupations include working in brick kilns, carpet

weaving, agriculture, and domestic service. Poverty is a primary driver, as families facing

economic hardships may rely on the income generated by their children. Lack of access to

quality education, social inequality, and cultural norms that accept child Labour further

exacerbate the issue. Child Labour often deprives children of the oppomrnity to attend school,

perpetuating a cycle of poverty and limiting their future prospects. While India has enacted

legislation to prohibit and regulate child Labour, enforcement remains a challenge. Gaps in
implementation and a lack ofawareness contribute to the continued prevalence of child Labour.

Efforts to address child Labour involve a combination of legal reforms, social initiatives, and

economic interventions to uplift families from poverty. Despite progress in recent years, the

persistence of child Labour underscores the need for continued advocacy, awareness, and

sustained action to protect the dghts and well-being of India's children. Child Labour refers to

the employment ofchildren in any work that deprives them oftheir childhood, interferes with
their abiliry to attend regular schools, and is mentally, physically, socially, or morally harmful.

It encompasses a wide range of activities, and various types can be identified:
Ifazardous Labour: Involves work that poses a threat to the health, safety, or moral

development ofa child. This includes occupations with dangerous machinery, exposure to toxic
substances, or physically demanding tasks.

Exploitative Labour: Encompasses situations where children are subjected to long hours, low
wages, or harsh conditions, often without appropriate safeguards or legal protections.

194 lPase
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Bonded Labour: Occurs when a child is forced to work to repay a debt owed by their family.
This form of child Labour is often intergenerational, rapping families in a cycle of debt and

exploitation.

Trafficking ald Forced Labour: Involves the abduction or recruitment of children for forced

Labour including in industries such as agricultue, manufacturing, or the sex trade.

Ilistorical Context and Cultural Factors Contributing to Child Labour:
Historical Practices: Child Labour has deep historical roos, with children historically being

an integral part of family-based economies. The Industrial Revolution exacerbated the problem

as children were often employed in factories due to their small size and agility.
Poverty: Economic hardship remains a significant factor driving child Labour. Families facing
poverty may view child Labour as a means of supplementing household income.

Lack of Educational Opportunities: Inadequate access to quality education contributes to

child Labour. When educational opportunities are limited or unavailable, children are more
likely to enter the workforce at an early age.

Cultural Norms: Societal attitudes and cultural norms can influence the acceptance of child
Labour. In some communities, traditional practices may involve children contributing to family
livelihoods from a young age.

Gender Roles: Gender stereotypes may play a role, with girls often subjected to domestic

Labour, while boys may be engaged in activities such as agriculture or other manual Labour.

Understanding the historical context and cultural factors is crucial for developing effective
strategies to combat child Labour. Efforts to address the issue must consider not only legal

frameworks but also socio-economic conditions and cultural dynamics that perpetuate the

exploitation of children in the workforce.

Prevalence of Child Labour in India:
Statistics and Data: According to the National Sample Survey Organization (NSSO), the

number ofchild Labourers in India has been dectining, but the issue persists. As of recent data,

millions ofchildren between the ages of 5 and 14 are still engaged in various forms of Labour.

Regional Variations: Child Labour is not uniformly distributed across lndia and shows

regional disparities. States with high poverty rates, such as Bihar, Uttar Pradesh, and Rajasthan,

often exlribit higher incidences of child Labour.
Industries with High Child Labour Incidenee:
Agriculture: Many children work in agricultural activities, from planting and harvesting to

tending livestock.

Manufacturing: Sectors like textiles, fireworks, and handicrafts employ a significant number

of child Labourers.

Construction: Children can be found working on construction sites, often exposed to
haz ardous conditions.

Gender-Specifrc Considerations:
Boys: Engaged in various sectors, including agriculture, manufacturing, and services. They

might work as Labour ers in construction, mechanics, or in haz-a:dous industries.

Website: www.researchdirections.or March 2024
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Girls: Often involved in domestic work, agriculture, and the garment industry. [n some cases,

they may also be subjected to trafficking and forced Labour.

Impact of Legislation: The Child Labour (Prohibition and Regulation) Act, 1986, prohibits

the employment of children in cenain hazardous occupations and processes. Despite
legislation, enforcement challenges persist, particularly in the informal and unorganized

sectors.

Understanding the prevalence of child Labour in India involves recognizing regional

variations, industry-specific lrends, and the gender-specific nature of child Labour.

Comprehensive efforts to address this issue require targeted interventions tailored to the unique

challenges faced by different regions and sectors.

Root Causes of Child Labour:
Poverty as a Driving Force:
Limited Economic Resources: Families facing economic hardship may rely on the income
generated by their children to meet basic needs.

Cycle of Poverty: Child Labour can contribute to a cycle of poverty, as children who work
instead of attending school may have fewer opportunities for future economic advancement.

Lack of Access to Education:
Insufficient Educational Infrastructure: In many areas, there is a lack of schools, teachers, and

educational resources, making it difficult for children to access quality education.

Financial Barriers: Even when schools exist, costs such as uniforms, books, and transpofiation

can be prohibitive for famrlies living in poveny.

Social and Cultural Factors Perpetuating Child Labour:
Cultural Norms: In some societies, traditional practices may involve children contributing to
family livelihoods from a young age, perpetuating the acceptance of child Labour.

Gender Roles: Gender stereotypes may assign specific roles to boys and girls, influencing the

type of work they are expected to perform.

Weak Enforcement of Child Labour Laws:
Inadequate Legal Frameworks: While legislation exists to regulate and prohibit child Labour,

enforcement may be hindered by gaps or weaknesses in legal frameworks.

Limited Resources: Authorities may lack the resources and infrastructure necessary to

effectively monitor and enforce child Labour laws, especially in informal or rural sectors.

Addressing child Labour requires a multifaceted approach that tackles these root causes:

Poverty Alleviation: Implementing economic strategies to uplift families from poverty can

reduce the economic necessity for child Labour.

Education Access: Strengthening educational infrastructure, making education accessible, and

addressing financial barriers can encourage children to attend school rather than work.
Cultural Sensitivity: Raising awareness about the detrimental effects of child Labour while
respecting cultural nuances can help shift societal attitudes.

Enhanced Enforcement: Strengthening legal frameworks and providing resources for effective

enforcement can deter and penalize instances of child Labour.
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A comprehensive strategy addressing these root causes is essential for creating lasting change

in the fight against child Labour.

Consequences of Child Labour: Impact on Physical and Mental Health:
Physical Health Issues: Childrel engaged in Labour, especially in hazardous conditions, are

susceptible to injuries, ilhesses, and long-term health problems.

Stunted Growth: Lack of proper nulrition and exposure to strenuous work can lead to physical

developmental issues, including stunted growth.

Implications for Education and Long-Term Opportunities:
Interrupted Education: Child Labour often results in disrupted or non-existent formal
education, Iimiting a child's ability to acquire essenlial skills and knowledge.

Reduced Future Opportunities: Lack of education restricts future employment opportunities,
perpetrating a cycle of poveny and limiting socioeconomic mobility.
Social Consequences within Families and Communities:
Family Dynamics: Child Labour can strain family relationships, as children may be forced to
prioritize work over education and personal development.

Inter-Generational Impact: The cycle of child Labour may continue as children who were once

child Labourers may perpetuate the practice in their own families.

Community Stigma: Communities with high instances of child Labour may face social stigma,

impacting the overall well-being and development of the community.

Psychological and Emotional Toll:
Trauma: Exposure to harsh working conditions, exploitation, and sometimes abxe can result

in psychological trauma for child Labourers.

Limited Social Development: Children engaged in Labour may miss out on crucial

opportunities for socialization and emotional development.

Addressing the consequences of child Labour requires a holistic approach:

Healthcare Access: Providing healthcare services and addressing the specific health needs of
child Labourers can mitigate physical consequences.

Education Reforms: Implementing and enforcing policies that ensure access to quality
education for all children is crucial for breaking the cycle of child Labour.
Social Support Systems: Establishing community-based suppon systems can help address the

social and psychological consequences of child Labour, promoting overall well-being.

Efforts to eradicate child Labour should not only focus on immediate remediation but also on

long-term strategies that enhance the overall development and well-being of affected children

and their communities.

Legal and Regulatory Framework for Child Labour in India:
Child Labour (Prohibition and Regulation) Act, 1986:

Prohibits Employment: The act prohibits the employment of children in certain hazardous

occupations and processes.

Regulates Conditions: It regulates the working conditions for children in permissible forms of
employment.

Juvenile Justice (Care and Protection) of Children Act, 2015:
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Focus on Protection: This act addresses the broader aspect of child pmtection, coverhg issues

beyond Labour, such as rehabilitation and reintegration of children in need of care and

protection.

Right to Education Act (RTE), 2009:

Compulsory Education: RTE mandates free and compulsory education for all children aged 6

to 14 years, aiming to reduce the prevalence ofchild Labour by promoting access to education.

Effectiveness and Challenges in Enforcemeat:

Effecti veness:

Awareness and Advocacy: Increased awareness and advocacy have contributed to a better

understanding of child Labour issues.

Govemment Initiatives: Various govemment initiatives aim to eliminate child Labour,

including the National Child Labour Project and the Integrated Child Protection Scheme.

Challenges:

Informal and Unorganized Sectors: Enforcing child Labour laws in informal and unorganized

sectors, where a significant portion of child Labour occurs, remains a challenge.

Lack of Resources: Limited resorxces, both in terms of manpower and infrastructure, can

hinder effective monitoring and enforcement.

Complexity of the Issue: Child Labour is often deeply rooted in socio-economic factors,

making it complex to address solely tkough legislation.

International Conventions and Treaties Related to Child Labour Ratified by India:

International Labour Organization (ILO) Conventioru:
India has ratified ILO Convention No. 182 conceming the Worst Forms of Child Labour,

committing to elimilate the most egregious forms of child Labour.

United Nations Convention on the Rights of the Child (CRC):

India is a signatory to the CRC, emphasizing the protection and well-beirg of children,
including measures to address child Labour.

Sustainable Developmenl Goals (SDGs):

India has commit{ed to achieving SDG Goal 8.7, which aims to end child Labour in all its
forms by 2025.

Despite these international commitments and national legislation, challenges persist in
effectively eradicating child Labour. Continuous effons are needed to strengthen enforcement

mechanisms, increase awareness, and address the rooi causes that contribute to child Labour in
India.

Case Studies on Child Labour in India:
Handicraft Industry in Uttar Pradesh:

Situation: Many children are engaged in traditional handicraft activities, including carpet

weaving and embroidery.

Challenges: Poor working conditions, long hours, and exposure to hazardous materials.

Intervention: NGOs and govemment initiatives have implemented awareness programs,

vocational training, and altemative income-generation activities for families.
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Impact: Sig-nificant reduction in child Labour instances, improved working conditions, and

increased enrolment in education.

Brick Kilns in Bihar:

Situation: Child Labour is prevalent in brick kilns, where families migrate for seasonal work.

Challenges: Lack of access to education, poor living conditions, and vulnerability to

exploitation.
lntervention: Community-based programs providing education at brick kilns, advocating for
improved working conditions, and addressing the:oot causes of migration.

Impact: lncreased enrolment of children in schools, improved awareness among families, and

reduced instances of child Labour during migration seasons.

Agricultural Sector in Rajasthan:

Situation: Children involved in various agricultural activities, including cotton farming.

Challenges: Exposure to pesticides, long working hours, and limited educational opportunities.

Intervention: Govemment schemes promolng organic farming, awareness campaigns on child
rights, and initiatives providing school infrastructure in rural areas.

knpact: Gradual decline in child Labour instances, increased awareness among farmers, and

improved access to education for children.

Examining Successful Interventions and Their lmpact:
Integrated Child Development Services (ICDS):

Intervention: ICDS provides nutrition, health, and education services to children in the age

group of0-6 years.

Impact: Improved health and nutritional outcomes, increased enrolment in anganwadis

(childcare centres), and a positive impact on reducing child Labour instances.

National Child Labour Project (NCLP):
Intervention: NCLP focuses on the rehabilitation of child Labourers, providing them with
education, vocational training, and mainstreaming into formal schooling.

Impact: Successful rehabilitation of numerous child Labourers, enabling them to break free

from the cycle of exploitation and access better opportunities.

Bachpan Bachao Andolan (Save the Childhood Movemert):
lntervention: Grassroots movement advocating for children's rights, rescue operations, and

rehabilitation efforts.
Impact: Notable success in rescuing and rehabilitating children from various forms of
exploitation, creating awareness, and influencing policy changes.

These case studies demonstrate that targeted interventions, a combination of awareness

programs, education initiatives, and community involvemeni, can effectively reduce child
Labour instances and improve the overall well-being of affected children and their

communities.
Role of Government and NGOs in Combating Child Labour: Govemment Initiatives and

Programs Addressing Child Labour

National Chitd Labour Project (NCLP):
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Objective: Rehabilitation of child Labourers tfuough special schools, providing non-formal
education, vocational training, and supplementary nutrilion.
Impact: Successful in rescuing and rehabilitating children from hazardous work conditions.

Integrated Child Protection Scheme (ICPS):

Objective: Comprehensive program addressing the needs of vulnerable children, including
protection from exploitation and abuse.

Impact: Focuses on preventing and responding to instances ofchild Labour, providing suppon

for education, health, and nutrition.
MGNREGA (Mahatma Gandhi National Rural Employment Guarantee Act):
Objective: Provides 100 days of guaranteed wage employment to rural households, aiming to
reduce economic vulnerability and prevent child Labour.

Impact: Addresses poverty-related factors contributing to child Labour in rural areas.

Contributions of Non-Governmental Organizations (NGOs):

Bachpan Bachao Andolan (BBA):
Focus: Advocacy, rescue, and rehabilitation of child Labourers, along with awareness

campaigns.

Impact: BBA has played a crucial role in rescuing and rehabilitating childrea, raising

awareness, and influencing policy changes.

Child Rights and You (CRY):

Focus: Campaigns for child rights, education, and healthcare, addressing root causes of child
Labour.

Impact: Works towards ensuring the overall well-being and rights ofchildren, including effons
to eliminate child Labour.

Save the Children:
Focus: Holistic approach to child rights, including education, protection, and health initiatives.
Impact: Implements programs to prevent child Labour, provide education, and support

vulnerable families.
Arcas of Collaboration and Improvement:
Collaboration:

Inter-Agency Cooperation: Strengthen collaboration between government agencies, NGOs,

and intemational organizations to share resources, expertise, and data.

Community Involvement: Encourage active participation of local communities in the design

and implementation of programs to address specific contextual challenges.

Improvement:

Enhanced Enforcement: Srengthen the enforcement of existing child Labour laws and

regulations, ensuring penalties for violations.

Capacity Building: lnvest in training and capacity building for government officials, law

enforcement, and NGOs to enhance their ability to address child Labour effectively.
Monitoring and Evaluation: Implement robust monitoring and evaluation mechanisms to assess

the impact of interventions and identify areas for improvement.

Policy Advocacy:
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NGo-Govemment Collaboration: Facilitate dialogue and collaboration between NGOs and
govemment bodies to shape and influence policies that address the root causes of child Labour-
Policy Reforms: Advocate for policy reforms that address socio-economic factors contributing
to child Labour, focusing on poverty alleviation and education access.

Collaboration and continuous improvement are crucial for achieving sustainable results in the

fight againsl child Labour. By combining efforts and addressing sysiemic challenges, both the

govemment and NGOs can contribute to creating a safer and more secure environment for
children.
Recommendations to Conbat Child Labour:
Strengrhening Enforcement Mechanisms:

Enhanced Monitoring: Increase the frequency and eff'ectiveness ofinspections in industries and

areas prone to child Labour, ensuring strict enforcement of existing laws.

Penalties and Deterrence: Implement stringent penalties for employers violating child Labour

laws to serve as a deterrent, and ensure timely legal actions against violators.

Enlancing Access to Quality Education:

Infrastructure Improvement: tnvest in building and maintaining schools, especially in rural and

marginalized areas, ensuring they have adequate facilities, teachers, and resources.

Eliminate Barriers: Implement measures to eliminate financial, social, and cultural barriers that

prevent children from attending school, such as providing free textbooks, uniforms, and

transportation support.

Addressing Root Causes tlrough Poverty Alleviation Strategies:
Livelihood Opportunities: Develop and implement programs that provide sustainable

livelihood opportunities for families living in poverty, reducing rheir reliance on child Labour
for income.

Social Welfare Programs: Strengthen social welfare programs that provide financial support to

economically disadvantaged families, ensuring their basic needs are met.

Advocating for Policy Changes at the National and Intemational Levels:
Policy Reforms: Advocate for comprehensive policy reforms that address the socio-economic
factors contributing to child Labour, emphasizing the importance of education and poverty

reduction.

International Cooperation: Collaborate with intemational organizations and other countries to

share best practices, research, and resources in the global fight against child Labour.

Community Engagement and Awareness:

Community Empowerment: lnvolve local communities in designing and implementing

interventions, considering their unique challenges and perspectives.

Awareness Campaigns: Conduct widespread awareness campaigns on the detrimental effects

ofchild Labour, emphasizing the value of education and promoting a collective responsibility
to eliminate child Labour.

Child-Friendly Legislation:
Age Verification Measures: lmplement mechanisms for age verification to ens:re compliance
with minimum age requirements for employment.
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Legislation Review: Periodically review and update existing legislation to address emerging

challenges and effectively tackle new forms of child Labour.

Implementing these recommendations requires collaboration between government

bodies, NGOs, communities, and intemational partners. By addressing enforcement gaps,

improving educational access, tackling root causes, and advocating for policy changes, a

holistic approach can be employed to eradicate child Labour and ensure the well-being and

development of children.

ln conclusion, the comprehensive study on child Labour in India has revealed key

findings that underscore the urgent need for concerted efforts to address this pervasive issue.

The prevalence of child Labour, deeply rooted in socio-economic factors, poses severe

consequences on the physical and mental well-being of children, their educational

opportunities, and the overall fabric of communities. The root causes, including poverty, lack

of access to education, cultural norms, and weak enforcement mechanisms, demand targeted

interventions. Collective efforts are not just necessary; they are imperative to create a world
where every child is free from exploitation, has access to education, and can realize their firll
potential. The fight against child Labour requires unwavering commitment and collaboration

from all stakeholders to ensure a brighter, more just future for the children of India and beyond.
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