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Abstract

The properties of the ferrites depend upon the crystal structure, which plays a crucial role in their
versatile applications and can be influenced by various factors. The present thesis focuses on
changes in properties and morphology by varying synthesis parameters like surfactant, sintering
temperature, time, synthesis temperature, pH, reducing agent, and doping of rare-earth ions in
ferrite nanoparticles, synthesized by sol—gel auto combustion method and hydrothermal method.

Cobalt ferrite (CFO) has been synthesized in the form of nanoparticles (NPs) through
sol—gel auto combustion method. The prepared NPs of CFO were sintered for four hours at
various temperatures from 300°C to 900°C. The average crystallite size of the NPs found to be
increased from 28 nm to 59 nm with sintering temperature. The Magnetic behavior of CFO NPs
has been tailored by varying the sintering temperature and strongly enhanced the range of
application in spintronic and memory devices. The magnetic studies revealed that the saturation
magnetization (Ms) increases 63 emu/gm to 88 emu/gm, while the coercivity (Hc) of
nanoparticles decreases with the increase of sintering temperature. The wide range of coercivity
of CFO NPs has been achieved from 934 Oe to 2237 Oe. Also, the high Ms value along with
high coercivity has been reported. The effect of the surfactant cetyltrimethylammonium bromide
(CTAB) on cobalt ferrite (CoFe204) nanoparticles (NPs) using sol—gel auto—combustion method
taking a different weight percent ratio of CTAB, i.e., 0%, 1%, 2%, 3%, and 4% with respect to
metal nitrates also studied. Saturation magnetization and crystallite size were both found to be
lowest in the case of a sample containing 2% CTAB.

Nickel ferrite nanoparticles (NFO) has been synthesized by the hydrothermal method.
The NFO nanoparticles have been synthesized using NaBHa as a reducing agent by the synthesis
temperature vary like 80°C, 100°C, 120°C, 140°C, 160°C, 170°C, 200°C, 220°C, and 240°C,
and the respective samples were named as N15, N1, N2, N3, N4, N5, N6, N7 and N8 (N-series).
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The study is further extended and we synthesized NiFe204 nanoparticles using 3M NaOH
solution as a reducing agent with the variation in reaction temperatures 140°C, 160°C, 180°C,
200°C and 220°C, these prepared samples named as T1, T2, T3, T4 and T5 (T-series)
respectively. Magnetic properties were measured at room temperature using a physical property
measurement system (PPMS). The crystallite size of the nanoparticles calculated using XRD
data was found to be less in the case of the reducing agent NaBH4 (12—22 nm) compared to the
samples prepared using NaOH (35-40 nm), and in increasing order in size from 12 nm to 22 nm
with an increase in synthesis temperature. A regular trend in crystallite size and coercivity was
also observed for the samples prepared using NaBHa as a reducing agent with temperature. It
was found that nanoparticle behavior tends to be superparamagnetic from ferromagnetic as we
increase the synthesis temperature. But no regular magnetic behavior has been shown by the
nanoparticles prepared using NaOH as a reducing agent. As different properties are achieved
with temperature as above by using two different reducing agents, further synthesis of NFO
nanoparticles is done by using both NaOH and NaBH4 and studying the variation in structural
properties with variation in synthesis time and pH of the solution using the hydrothermal method.

We further go to study the effect of doping on NFO behavior. We study the effect of Pr
doping on structural, morphological and magnetic properties of NFO. Praseodymium rare-earth
ion (Pr¥) doped nickel ferrite (NiFe2—xPr«Os, 0 < x < 0.1) nanocrystals (NFPO) has been
synthesized. The saturation magnetization (Ms) was found to be decreased and coercivity (Hc)
increases by adding rare earth ions in nickel ferrite nanoparticles. All samples show the
ferromagnetic behavior at room temperature. Further, in order to improve the solubility of rare-
earth ions in NFO, we study the effect of reducing agents and pH variation on doping. The series
NiFe2xRExO4 (RE= Pr and Gd, x= 0.1, 0.15 and 0.20) of samples has been also synthesized by
hydrothermal method using NaBH4 as a reducing agent and focus on the factors affecting the

solubility of RE ions. The enhancement in solubility noted i.e.x=0.15 for Pr ions for reducing



agent NaBHa4 as compared to x=0.025 for NaOH as a reducing agent .The solubility of Pr ions is
found to be higher than Gd ions. We bring into notice in our study that not only ionic radii of RE
earth ions and method of preparation of doped ferrite affects the solubility limit of RE ions in
nickel ferrite, but there are other factors also like reducing agent. Then we further study the effect
of pH on the solubility limit of Pr ions. It is found that as we increase the pH, solubility has been

decreasing for both the reducing agents.
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R

h1gey 3 U b WRET IR LR a8, Sl 31 ag gt 3wl & frg Agcaqu Yftrest
T 8 SR fafte BRepT & guIfad 81 Heba 8 | IaHT iR H, id-oid 3fiet g8 fafey 3R
3R AT BRIy AUl H XR-3rd 31! & ST o faftrs Ieeivor AT st gRT Jom
IR TR § URacH IR &I digd fBar g |

PIaTee HhRgey (HTHS) &I Aid-oid 3ficl ag- faftr & A1 F SN (NPs) &
®U H YYaftd fpar mar g | Huwsen & dUR NPs &1 300°C ¥ 900°C o fafys arowmi R
IR b & foru Ries fovar mar T NPs & 3N9d fhedrse I5s & 28 nm T FEHR 59 nm

do R arudE & 91y 91 U 7| HUHmSH NPs & Jao g AdgR &l R araaH
¥ Sad I, FUCIRT SR AHRT UGN § {Tde i AHT B €gdl J il T g
Safd ga g ! o Udl Ial & fb TRIE AUSTZOIRA (Ms) 63 emu/gm I 88 emu/gm
d% d¢ Ol g, Safd AU &1 HILHTac! (He) Riel aomm & gfe & 9y ge S ]
w3 NPs BT He @1 faxga ¥97 934 Oe ¥ 2237 Oe T BIRIA B! 713 ¢ | 3T 3faal, 3

Ms Jed I He & I1Y giad fordm T 81 HiaTee HRISeH (CoFe,0.) AN (NPs) TR
ghace Hicd oTs fATSd SHIHTH SIS (CTAB) &1 UHIG, CTAB &1 Tdh ST aoT Uia=Id

(AT YT ATEee & Gae & Ad §TATT 0%, 1%, 2%, 3% 3R 4% Td-oid 3Hicl-gg fafd &1
JUART FHb 3HeqT a1 1| 2% CTAB T T & AT | Ms 3R fheeaiia 3dR gt

g HH JIT U |



A TRIEcy AAUIiéwmd (NFO) P gi3sIydd fafyr gRT Iwaftd far mar g1 THuwah
BN BT 80°C, 100°C, 120°C, 140°C, 160°C, 170°C, 200°C, 220°C, 220°C, 3R 240°C I
AT ATTHH gRT RSGRIAT Tole & &0 H NaBH, BT SUANT $HRdb TRANT o 747 g, 3R
e AT B N15, N1, N2, N3, N4, N5, N6, N7 3fR N8 (N-43an & =g & A1 fan
T YT| 37T BT M ST 771 @ 3R A UfafehaT dTgHT= 140 ° C, 160 ° C, 180 ° C, 200
° C 3R 220 ° C # a1 & w1y RSgRiT Tole & U H 3M NaOH &1 ITIRT P NiFe 04
NG B TN faT &, 39 R THA &1 HHRNT1, T2, T3, T4 3R T5 (T-9Rga) 7 fean

a1 3| i a Hiac! AoRAe RIeH (PPMS) &1 SUTNT HRh H SHRER TR Jadb g Ui
&I HTGT 7| XRD ST BT SUTRT B U] fohT T A1 & foheaiia STHR &1 RSgRT
Toic NaBH4 (12 to 22 nm) & HTHA H NaOH (35 to 40 nm), T IUANT & daR T 17U

T &1 JAT H HH 91T 7T, 3R AT IT9HH H 3G & 1 SR H 12 nm ¥ 22 nm
% dgd HH I U 71| YA & a1 REgRAT Toie NaBH, &1 SUTNT &b daR fahl Y
R & for fopedig e R 3R He # e fafird vafy +f <&t 718 | g uran 7 f Aol
BT FIER BRIAN D T JIRIREED BT 3R ST & S &1 87 AT ITIHH Serd o
At REgRIT Tole & T9 & NaOH &1 SUTN b dOR BT T A6 01 gRT Dl A
e agR T8l famran T g1 ST i SR =l Y 7S R, & SeiT-3renT RegRiT woiel
T SUTNT B ITAHT & A1 T[0T b1 fafid fAfaerany U &t St 8, NFO S-Ia Ul T 311
YAV NaOH 3R NaBH, GIHI &1 IUANT axeh MR gReiyrd fafyr o Rk erzd 3k

g B T & T TRETEs on § Par &7 srege fasar s g



BH 3T NFO & TdgR WR ST & UHTT BT AT B4 P T 91d &1 89 TTUH3N &
TS, TUIHS 3R GIB 1 I TR Pr ST & THTG BT 37e00 Hd ¢ | IRESIaH

o\

YR-31 3T (Pr3+) SIS
Ixafta fear mr §1 Fea Rigeg Aieon § YR-3f oAl & Siftr § IgRmE
AU (Ms) H HH! U8 T8 3R HITHAeT (He) 9¢ T8 1 9t I ¥ THRER W
TRITIfed HaeR 3T &1 39 3rald, U3l # YoR-31ef 3imat o gasiiadr # gur
¥ forg, g0 SifthT R RegRiT wolel oik diua fiadt & UHTa &7 37e8 &-d & | 439 NiFe,.
(REO4 (RE = Pr and Gd, x = 0.1, 0.15 and 0.20) 751 &I o gresvdd fafd gr1 RegRi
Tolc & U H NaBH, &1 SUINT HRb YA fordl 7T § 3R RE AT &1 ga-=iiadr &1
TUIfad HRA a1 BRI IR SAH digd fbar a1 g1 RSgRiT toic & ¥ H NaOH & oy
x=0.025 P g1 H &HH DR dId Toic NaBH, o 1T pr 3=l & forg ger=itadn & gfa amt
x = 0.15 e fBa1 711 Pr 311 Bt faeidal Gd i ¥ $1fieh s el ¢ 1 g8 q@ & fob
$HAd RE 3T @ S ST SR St Hrgey Ht ARt &1 fafd e hrrgey # RE
3TTAT BT ga=iadT AT 1 gHIfad el g, dfewd 3Fg ®R& Hft § o RegRi wole
gaTeiaar & Agayqul YT AT &1 bR 89 S pr 3ma! &1 facadr W\ &R pH & uuTa
BT 3T A & | TS U 7T § fob S-S g1 Uied serd 8, Sl RegRi Teiel & o
PRENIKRICERRICIREES

e RIS (NiFea,PrOs 0 < x <0.1) FIfsh&ed (NFPO) &I
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