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ABSTRACT

This thesis includes an extensive assessment of the design and synthesis of core-shell architecture
that uses upconversion nanoparticles as the core and their surface modifications as the shell. The
optimization of synthetic procedures and functionalization of upconversion nanoparticles with
modified silica and polymers has been documented. The literature review on upconversion
nanoparticle production, mechanism, and modifications has been comprehensively reviewed. The
utilization of various techniques for inorganic UCNP surface modification employing organic
functionalities and their intended applications have been thoroughly discussed. Moreover, the
effective modification of the surface of UCNPs with silica and polymer grafting via RAFT/PET-

RAFT polymerization has been further discussed in depth.

In chapter 2, Optimization for the hydrothermal approach using a Teflon walled autoclave to
synthesize NaYF4 based Er’** (0.5% mmol) and Yb*" (20% mmol) doped UCNPs has been
discussed. Formation of cubic phase nanocrystals and the presence of small amount of hexagonal
phase was confirmed with XRD analysis. Further, surface functionalization of UCNPs was carried
out using ZnO and with silica integrated RAFT agent. The synthesis of core@shell framework was
optimized first with ZnO. The uniform and homogeneous surface coating with ZnO was optimized
using various concentrations and was characterized morphologically by HR-TEM. Moreover, the
strategy of incorporating RAFT agent within the network of silica and its homogeneous coating on
UCNP core was optimized. The formation of core@shell framework along with their

characterizations has been discussed in detail.

In chapter 3, using the stepwise co-condensation approach, mesoporous silica nanoparticles

integrated with RAFT agent were synthesized. Mesoporous silica nanoparticles integrated with
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RAFT agent (RAFT-MSNs) were used for facile synthesis of an organic-inorganic hybrid system
by surface-initiated RAFT polymerizing a variety of monomers, including hydrophobic and
hydrophilic monomers. In order to achieve surface-initiated RAFT polymerization, AIBN was used
as a thermal initiator for polymerization while Eosin Y served as a photocatalyst for PET-RAFT
polymerization that was controlled by visible light. Compared to thermal RAFT polymerization,
the light-regulated PET-RAFT polymerization was carried out effortlessly and quickly. Various
characterizations such as thermal, morphological, etc. were performed for these systems
confirming the effective growth of polymers from the modified surface. The non-porous silica
integrated with RAFT agent was used to perform kinetics of polymerization for all the polymers.
Successful polymerization was characterized by size exclusion chromatography (SEC) after de-

grafting of polymeric chains from silica surface.

In chapter 4, utilising silica combined with a RAFT agent and polymer functionalization, rare earth
(Er**, 0.5% mmol) doped UCNPs were created with their surfaces modified. Eosin Y, which
functions as a photocatalyst when exposed to blue light at room temperature, was present during
the PET-RAFT polymerization process used for the functionalization of the polymer. The
"grafting-from" technique was utilised to functionalize UCNPs using a variety of polymers,
including as poly(N-isopropyl acrylamide), poly(acrylic acid), poly(ethylene glycol)methacrylate,
and poly(methyl methacrylate). Numerous characterizations were carried out to support the
successful PET-RAFT polymerization-based grafting of polymers. An improvement in
photoluminescent efficacy towards the red region/window was seen even after the polymer
grafting. The emission in the red region as well as results from cytocompatibility studies for as-

synthesized core@shell@shell system is marked as suitable for biological applications.

Vii



Further in chapter 5, the facile synthesis of multi-shell architecture of rare earth doped
upconversion nanoparticles (NaYF4:Er;Yb@ZnO@RAFT) with ZnO and silica integrated with
RAFT agent was carried out. The resultant multi-shell assembly has core of upconversion
nanoparticles coated primary with semiconductor (ZnO) which also act as photocatalyst and thus,
UCNP@ZnO moiety has been further coated with silica integrated with RAFT agent. This
UCNP@ZnO@RAFT has been used effectively for successful polymer grafting of various
hydrophobic and hydrophilic monomers. Using PET-RAFT polymerization in the presence or
absence of an external photocatalyst (Eosin Y), the polymerization has been successfully carried
out. A comparative study between the polymerization in the presence of Eosin Y and ZnO has
been performed. The synthesis of NaYF4:Er; Yb@ZnO@RAFT@Polymer are characterized with

HR-TEM, XRD, EDX, TGA, FTIR and PL using 980 nm laser.
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59 N3 #, FR-Ad NfhcFR & BABT 3R FWVT FF SR & §T H Nqdolel
AARUT FY AAT FA §U R AT & T H 390 Tdg & FAYUA W AGH &7 F
AT dr aS g1 TEAfee gishansi &1 ejeheret 3R H@fRd fafoer 3R difosT & @y
HUGSA AAlRUll & FRATcHBHIOT &l Jolf@d foham 1ar gl deewor, frarfafa, iR
IFATAROT AARUTT & IRadT R Alfged THET W g Idl FI IS gl HefeIh
FRITCHBATHT 3R 39 AfETd AN # 3TN Flah Ihlos JHTAN & TG
e & for [Affea [T & 39 W [Jear @ gt #F 35 §1 389F 37elE,
RAFT/PET-RAFT UlelleRigoie & Atedd & fAfoesr 3R dieller anfeesr & arer
UCNPs &I Odg & W& Tl W Igas O I &1 715 gl

3T 2 &, NaYF4 3memiXd Er3+ (0.5% mmol) 33 Yb3+ (20% mmol) 2ics UCNPs
FI AT e & TIT THAlel SIaR aTel ATCIFeld I ITAIT Fleh FISSIUH g roeaioT
& oI 3elehelal OX Tl & 95 g1 VFE3TRE! TaReINUT & HIY ©el TWOT sAeilishecel &l
IS+ IR gFATNAST TROT T BIET AT Sl IYREATT & giSe &I TS| 3K 37amar, ZnO
&1 3G Feh AR @fder Thid RAFT Tolc & @y UCNPs &I &g @&l
FATHAGEOT fHaT A7| Core@shell T & HLATT A Tgol i oSS & AU
37egeptoldd Toham T ATl Toieh 3MFATSS & H1Y Teh HA 3R TSI TAg Hifcar &l
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AT AT| FR@AT T & AT & FTY-TTY IoTeh] AAYAT R GFarR & T=m Fr 715
gl

AT 3 H, TRUGR HE-HETIUT TfSCHIVT HI ITANT R §T, IRTCUHE Tolc & TTY
Thiehd AATYRY AT Alhvll T HRAN fohar a/m a1l RAFT Tsie (RAFT-MSNS)
¥ T T AANE R Aol i TeE F FEERG AR el A
gfead AT AT F1 Fag-3RAT RAFT TeliFRISAAT FHIafdh-3iha e bl
YUTel & Teh HEol HReNuT 3 fhar o/ ar| {de-3RfAd RAFT diellAusaiesT AIBN
FI GFRISAAT & foIT T 23 ol & &9 7 3R S3NAT I8 1 AT ThIel-
Afaf@d PET-RAFT GleliRsoRid & oIt Uah Bleiheloee & &9 & Haifea foear
AT AT YA HROUHE VARSI Hi Jobat d yahrer fafrafda fgd-smueme
TSR Fgeladd FAT H Heoldr ¥ fhar aar ar| #@Mfed ddg @ uifeld &
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WIS FAdgasd fhar arar a1l g3f@e arg 3R ZnO i 3ufdufa #
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