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Combiming multiple components mto a smgle nanoparticle 1s an attractive way to engineer systems having diverse
physical and chemical properties. To date many such kind of hybnd structures have been created and many of them are
under process to be created. Out of the various hybrid composites structures magnetic-plasmonic nanoparticles have
attracted much attention with demonstrating themselves as a successful candidate for various application ranging from
their usage 1 the biological application to the optoelectronics. Although lots of promising work is going in this field, the
magnetic-plasmonic nanoparticles systems are still 1 the prenatal stage of their development and for their usage in the
commercial and scientific applications.

There are lots of issues in order to synthesize the magnetic-plasmonic nanoparticles owing to their immiscibility among
each other, vast differences i the reduction potential, and the different behavior at chemical and physical level. These
challenges were readily accepted by the scientific community and lots of work across the world 1s going on solving the
challenges and exploring the new avenues in the field of magnetic-plasmonic nanoparticles. In this doctoral thesis, we
have focused on development of novel multimetallic magnetic-plasmonic NPs. along with the fundamental investigation
of their structural and functional properties. We have chemically synthesized AuFePt ternary alloy NPs, where individual
metals played an important role for obtamning the structural and functional hybrid systems. It was found that Pt plays a
crucial role to act as a bridging element which facilitates the diffusion of Au and Fe mnto the homogenously alloyed ternary
structure without phase segregation, otherwise without Pt, the mixing of Au and Fe has been limited due to the
immiscibility among each other which has been already reported and also observed during our research. A series of ternary
alloy NPs were synthesized with various compositions and systemic studies were performed to mvestigate the resultant
properties of the NPs in terms of size, morphology, composition, magnetism and plasmonics. It was found that magnetic
and plasmonic properties are dependent on the final atomic composition of the alloy NPs. At optimized alloy composition,
that 15 Aus;Fe;oPtyg these NPs have shown good plasmonic and magnetic properties simultaneously which demonstrates
thetr promising ability to be used as a model for fundamental studies and for the biomedical applications. The current
research 1s helpful for gaming the insights about the crucial roles played by physical and chemical properties of
nanoparticles and correlation to nanoparticles usage 1n various applications.

Following the observations from as above mentioned studies, we extended the same synthetic technique and optimized
reaction parameters to study another magnetic-plasmonic system where we chose Ag as the plasmonic component keeping
the other two variables that 15 Fe and Pt to be same, in order to synthesize ternary AgFePt NPs. The current fundamental
study 1s very attractive which can be used for mamipulating the materials properties and at the same time presents a
complex challenge. Understanding the basic fundamentals regarding the synthesis of the materials at the same gaming
the in-depth knowledge of the fundamental properties of nanoparticles could be very useful for careful designing of the
materials with the distinct desirable characteristics. Through my research during the PhD, I tried to design the new
synthetic schemes hence, novel hybrid NPs systems and to make clear the controllability of the physical parameters which
governs the resultant magnetic and plasmonic properties. In order to have the full picture, we clarify the interaction among




three metals in two different systems (Au, Fe and Pt) and (Ag, Fe and Pt). This fundamental research will offer research
society with useful means of designing and controlling the properties of multimetallic nanomaterials. Besides, these
hybrid systems are equally promising for other scientific fields as they are well known candidates for the catalytic and
bio-medical applications.
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WREMEEHE I THE L Lok (Fe) &, 77 X2 U#ESEEZH Y tFE L LTo4E (Au) &
HVIEER (Ag) &/ LAV THEHAGIL LTI — 77 X2 oA 7Y » RF 2R+ %, A4 (Pt)
M ILFEE L THWD Z LICk s TEFEERKR L G 6To A 7 U > R 2RO & bk
% AEEHIRAE T BEMET (STEM) | = 3L ¥ —2r 88 X #5364 (EDS) X #RElHT (XRD) |
X #OEE 6 (XPS), ICP #3643t (ICP-OES), M= &1 T¥sst (SQUID) ., 4k4+
YRR (UV-Vis) 72 82 b7 2 HIBIC Lo CT, BEBICMIT LT-b D TH Y | LITF
DZODFERWERR N DRI TN D,

F—l2, O m W AusFe,Ptioory — oG4 /R F O A L% et L, STEM, EDS
vy B 7 XRD 72 EIC L D REEMEEMIT 21T o CAGBIEZ AL C\WD Z L& Lz,
K Au & Fe T RETH Y, AuFe 4T /RHI3AEKR LAV, L, EZERED AuPt
TR AIIAKAIEETCH Y, £/ FePt 7 2R+ b A AIRETH D, ZOFFEIZKESE, Pt &
s LTHWS Z & T AusFeyPtioxy — A& /Rt 52 AT D2 L2 REL, M
% A SRR 22 S, AuseFesoPtis DA D T/ K126\ T, Btk & 77 XF o HELFrE
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BT, Au K0 b T XE CEELENERE K 10 f5RE WV Ag VY, AgiFeyPtiooxy —JoH
T IR DOEKERR T, EORER,. Fe @A ENDRVEHT AgiFe Ptioxy —JeH @7 /KL
FHEEKT DI ENTELN, BMRFHMELZR LS8 5720 Fe GARZHEMEIE TN &,
AuxFe Ptioory —T0RDEHE L ITHFAN 20 AHSEEZE Z L. Ag@Pt@Fe/Fex0,=2 7 ~ /L F
T UVREEN H RSB Sz, ZhiE, AgPt RIE AuPt RICHSNTRAICLSHBT X
LR R (ERE) BRKE WD, Fe ORI L > THOBELS W Z LICER LTS &
EZHND, WTHIZE L, 20 Ag@Pt@Fe/FexQ,a 7 ~ /L F ¥ = ARG ) K b ENT-BIR
Rtk & 77 X UELREZ 0 L TR0 . oREIZEN ((BHRLEMER T v A ROHEE
M) IER TS0, FLREHEERR e —XDOBEMTH 5,
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