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ABSTRACT

Cutting-edge achievements have been made towards controlled synthesis of different types of
mesoporous silica nanoparticles (MSNSs) using variety of structure directing agents. The possibility
of organically functionalizing interior and exterior surfaces of MSNs utilizing various
organoalkoxysilanes is one of the most interesting and challenging areas in the field of surface
engineering today. MSN's superlative properties such as high surface area, ordered pore structure
and uniform pore size distribution has been the motivation for further modification,
functionalization, and application of MSNs. Thus, depending on the functional organic groups
present inside or outside the surface of MSNs, they have been widely used in catalysis, sensors,
absorbents, and drug delivery. The main pathway for these processes includes post
functionalization in which an organic group is covalently attached to the inorganic surface after
the synthesis of the MSNs, or by co-condensation which involves incorporation of the organic
group during the synthesis of MSNs. Utilizing these pathways further for the surface modification
of MSNs with polymers can alter the inherent properties of the MSNs and makes it compatible for

different applications.

In this thesis, we have performed synthesis of RAFT agent functionalized MSNs via co-
condensation and further grafting of different polymers [poly(N-isopropyl acrylamide),
poly(acrylic acid) and poly(acrylamide)] from RAFT primed MSNs via surface initiated RAFT
polymerization was carried out. Further, these polymers grafted MSNs were utilized for controlled
drug delivery and nanoconfinement of ammonia borane application studies. Two different types
of organoalkoxysilane-based RAFT agent having two different types of R group such as isobutyric
acid and phenylethyl group were synthesized and characterized by *H NMR, 3C NMR and UV-

visible spectroscopy. For the preparation of RAFT functionalized MSNs, different mmol % of both



organoalkoxysilane-based RAFT agent was chosen with respect to silica precursor (TEOS) such
as 6, 12.8 and 18 mmol %. The synthesis of RAFT functionalized MSNs was confirmed by UV-
visible spectroscopy, FTIR, TGA and solid-state NMR. The morphological analysis of the RAFT
agent functionalized MSNs was carried out utilizing SEM and TEM. Different morphology of the
RAFT agent functionalized MSNs was observed such as spherical shape for isobutyric acid group
containing MSNs and short-rod shape for phenylethyl group containing MSNs. Following such
morphological changes, it was also observed that isobutyric acid group containing RAFT agent
were preferentially functionalized outside the surface of MSNs and phenylethyl group containing
RAFT agent were preferentially functionalized inside the pores of MSNs. Consequently, different
polymers (PNIPAM, PAA, PAM) were then grafted preferentially outside and inside the surface

of MSNSs.

To practically understand the applicability of the stimuli responsive polymers such as poly(N-
isopropyl acrylamide), poly(acrylic acid) grafted MSNs, in-vitro loading and release of drug
doxorubicin (Dox) was performed at different pH and temperature. Further ex-vivo assay was
performed in MCF-7 cancerous cell line of the Dox loaded polymer-grafted MSNs. An efficient
Dox loading was observed in both cases of PAA and PNIPAM grafted MSNs. In-vitro Dox release
from both the systems was demonstrated effectively via changing pH or temperature of the
surrounding environment. The cell viability assay clearly showed the pH responsiveness of the
PAA chains allows the release of Dox at pH 7.4 with a good efficacy to kill MCF-7 cells. From
these studies, it was concluded that polymer-grafted MSNs synthesized from in-built RAFT agent

containing MSNs can be effectively used in different therapeutic applications.

Similarly, poly(acrylamide) grafted MSNs were efficiently utilized as an organic-inorganic hybrid

material for nanoconfinement of AB. The nanoconfinement of AB was successful established by

Vi



FTIR, 1B solid-state NMR, XPS and XRD. It was observed that dehydrogenation temperatures of
AB confined MSNs generally agreed with theoretical predicted trend based on surface tension
provided by nanoconfinement. However, AB nanoconfined in PAM-COOH-MSNs had even lower
dehydrogenation temperature. This was observed possibly due to synergistic effect of AB
nanosize, as well as strong interaction between AB and the functional groups present in these
inorganic structures which was proved by XPS. For justifying the effect, kinetics at temperature
near to the Td was also performed and it was observed that higher equivalent of hydrogen was
released at temperature near to Td from AB confined PAM grafted MSNs. Hence, utilization of
these polymer-grafted organically modified MSNs with active organic functional groups would
possibly widen its window to be used as a catalyzing material for thermolysis of AB for generation

of hydrogen.

vii



R

fafts TR & ARY ffereT A0 (MsNs) & Fifid Txawo &t fazn & sranyfRe Iuafemt s
T3 8, 1 fafid IR o W1 SR Toie &1 SuaiT ol ¢ |. fafira St iRy &1 IudiT &=
Tl THUEA & SfiaRk® 3R 98Xl Udel & AaRd ©0 ¥ HAES §1H DI GHUEHT 319 Jdg
SO & & & Fod fGaed 3R gAYl &3 | ¥ TP §1. THUHEA & 3o Idg & o JMGR
o, 3% WRET R THH % MR fadRur &7 Smew foan mar § S THUHUA & S TR,
HTATHBHIN 3R 3ded & fo7g IRUM g 1. TH TR, THTIIA B Idg & e T 96X Al HATHS
HTED THGI B YR R, I8 AUD U F Hefori ™, TR, @y 3R gar [aaror # IganT faar
TR 1. 39 Ufshanafi & fore Py Anf & Uie harmaTg el e g fors THUTE & Iea9ul & &G a1
UE-HI-H gRT Uh Db TYg B! ABEb dg ¥ SIST ST ¢ Ford THIT & Yo & SRME
HTeS TG BT JHAY A ST ¢ 1. IR & 1Y THUHEA B dg e & forg 39 Antl &1 3
SUTNT =1 THEHEA & Fgd 701 &1 Sad Tavdl § 3R 9 fafid sy & fore W s g1,

39 IR #, §97 RAFT Toic & URAVUl B TE-HaYU & HIEAH ¥ THUHUA & HRTES 9911 § 3R
Idg & A1 ¥ fafts difemR [uiclt (@-smsamursa ufhamargs), uriel (ufbfees tfig) iR O
(TP QATHTES)] & 31T UG fohdT B 1 SIRUTHC TIeRTZSIRA YRE a1 T 1. $9d 31aTdT, §9 UlferR
3 THUEEA & FEEd gt faaRor SR s aRA sffde e & AHIdbHbETHe & oy IuanT
foBaT UTI. T SITT-3HCHT UBR & SHIID IRICH-SHTUTRT SRUTHC! Toic fSTH Gl 3TT-3HehT THR
% 3R JUE BId & o & Meuiegfes TS iR frsausd THg & H NMR, 3C NMR 3R UV-
TR W R IUT GRT IR SR faRiear & 78 oft 1. sRuuwet wrafdrs THIge o daRt & fi,
Gl o S-S N % lorganoalkoxysilane- YR RAFT Q@E’ &1 Raferamr Sfiqd (TEOS) o 6,
12.8 3R 18 mmol% & T & AT 74T UTI. RULHC] HATHS THIHET & YA B gfY gdl-=2g
WD gRT B T3 |, THAAMSIAHR |, AT 3R 31 IT TITHIAR | RAFT Tole HreTe THIHEA
H TUAS ATV SEM 3R TEM HT SUINT b fbal T UT| RAFT Tole & fafid saiiant
HITHS THTIUA &l <91 141 O fh amgaisgfess TRIs Tig & fad MaeR SmeR fored THewaeA
3R BATUTST THE Jad THTITE & folE QER(S MHR M 5 1. TH IR & SUIdD URadH] & alg,
gg vt 41 T {6 RAFT Toid d1d 33digfdedr TRIS THE ! THTHUA B Fdg & deR HUHHd:
ol foar T o7 3R SRUEHE Tole Jad fFgauisd Y48 THUHEA & fBa) & sia ifmma:
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HTafdS A1, Tcdtorad, fafie TifielR (PNIPAM, PAA, PAM) dd THTIUT & Idg & a8 3R 3icR
SHTAT: T fby T 1.

urell (G- SMEHte Ubamss), uidl (b us) s THTEE, -[Ad dfdT 8k g
SRS (SId) o1 Re18 & ot uragie ® U @ IaoHT & ufd Iaerl uifermR &) yaieaar &
TS o T SreRT-3renT Uit iR dToH WR UeR faar T/ 471, S gd-faal I &1 Dox @S
T IgADH-THS MSNs & MCF-7 HIR Id a1z # foam mar 11, fiug &R fiuAsmsuiuey s
U & GFl Al 8 T $RId Sidd alfeT ¢! 51, & gonferdl ¥ g4-facl Sie Refle
3{TUN & AIATaR0l & Uied I1 d9qE &1 9Ga & A1eqd § guTdt ¢ & Ui fasar man uni. 9a
ARl IRE - W ¥U ¥ YU J@ars &1 fiud Sddca! @I fG@mm S THEG -7 SRS &I
ARA & folT T 33t THIEaHINGT & A1y Wi 7.4 IR SIa P B8 B SIAM ST 1. I Tl 9,
Tg fIsepy FepTer 1T fob THUHTH gt g1-foiee SIRUUGE Toic § HRaftid dgeieh-UTtes THEATA &l
faftrs feferedta SrIua & TruTet U § IR g ST adhar g 1.

3} IRg, Uil (UframTSS) TS THUIEA &l Tet & SAieMbsaHe & iU Uh Sle-d-Adbred
GHR U & =0 § SR & SUANT 61 77 AT | Tt BT A1 b IRTHe Ihd 8|

THARTSIR, 11 & - TIUHSAR, THUITY 3R TH3RE!| g8 a1 T fob Telt & fAstelidnRur
dIIAE o THUHEA & HifHd R a1 § off SR W AHIdMmIgHe gRT YaH &1 T3 Idg a1 &
YR R Jgifder yfawarh &) ugfy  geqd B 1. 81aifes, PAM-COOH-MSNs & AB A Ihigs o
&Y FSTelBRul aTuHM ATl T8 YHId: Tt A8 & Yefhaleids THTd & HIRUT &l 17 ATl I1Y &t
TSl 3R 3 SrpIafd Ta-sl & Hige Srafdd T8 & s Aolgd aradid off ToquTey gRT I1fad g3
| UG BT &l 5exH & [ad|, TSI & I & dToHH WR driciad i UeRH favar am o7 $iR g8 <
a1 o7 fob Tt O dieey Hifid TaUEH e THUYTH & R diIHH IR 3= glegloi & aRIeR SRl
foraT T 71, SIE, Witha FHEHS HRAS Tg! & I 3 IgaD-TUcs Haredd =0 F J=Nfed
THUHUA P SUIRT GHAT: BI2gIo @ Ulg! o foTe Tell o YHITeIg o ol U IAIRd 9t & &9 #
I B ST aTel 3P RISH! Dl ST BT,
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