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ABSTRACT

Catalytic reactions offer a wide scope to construct siloxane frameworks. In this context, synthetic
methods involving dehydrogenative/ dealkylative coupling of appropriate molecular/ oligomeric
organosilane precursors have received a great deal of attention. The formation of Si-O bonds via
these methods is accompanied by elimination of dihydrogen (H,)/ alkane (RH) as the only by
product, thus eliminating the need for tedious work up procedure. The selectivity of the catalytic
event often eliminates undesired metathesis/ redistribution reactions and is often promising to

incorporate new functional groups on the siloxane backbone.

An emerging offshoot in the area of catalysis is the study of Pickering emulsions of two
immiscible liquids (water in oil/ oil in water) to realize chemical transformation of organic
substrates. Nevertheless, a perusal of literature reveals that design and synthesis of polymer
grafted Noble metal nanoparticles as Pickering interfacial catalysts is still far from being
comprehensive and has proven to be demanding to probe under experimental conditions. The
work embodied in the thesis provides a systematic study to develop new Pd and Au nanoparticle
based Pickering interfacial catalysts (PICs). The entrapment of Noble metal nanoparticles at
water chloroform interface is achieved by tethering the nanoparticles on amphiphilic block
copolymers bearing poly(dimethylsiloxane) (PDMS) and poly(isobornylmethacrylate)/
poly(isobornylacrylate) (PIBMA/PIBA) segments of varying segmental ratio. A detailed account
of catalytic efficacy of PICs towards hydrolytic oxidation of primary and secondary

organosilanes is presented.

The thesis is divided into five chapters. Chapter | describes recent advances in synthetic

chemistry of organosiloxanes highlighting catalytic routes to construct Si-O bonds while chapter



Il relates to a detailed description of synthetic procedures and characterization methods being
followed in the present study. Chapters I111-V include a detailed account of the results emerging

from the present work.

Chapter 111 — Development of Pickering interfacial catalyst based on PANPs for hydrolytic

oxidation of organosilanes

In this chapter, we describe the construction of new PdNP-based Pickering interfacial catalysts,
namely, Pd-1-PIC and Pd-3-PIC in water-chloroform biphasic medium. The entrapment of NPs
at the interface is facilitated by tethering the NPs on amphiphilic block copolymers, PiBMAs-b-
PDMS5-b-PiBMAs (1) and PiBA,o-b-PDMS75-b-PiBAy (3) which have been synthesized by
following atom transfer radical polymerization (ATRP) approach. The formation of non-
coalescent water droplets in chloroform stabilized by PdNPs is observed in each case.
Interestingly, the PdNP assembly derived from polymer 1 undergoes a spontaneous
transformation to vesicular morphology at water-chloroform interface and results in the
formation of stable Pickering interfacial catalyst (Pd-1-PIC) with large surface active area. On
the other hand, the morphology of PdNPs in case of Pd-3-PIC adopts nano-wire like structures.
The Pickering catalysts were examined for hydrolytic oxidation of primary organosilanes, RSiH;
(R = Ph, n-Hex, n-Oct, ThMe,SiCH,CH,, Ph,MeSiCH,CH;) under optimized conditions [0.01
mol % of Pd with respect to silane; chloroform: water 4:1 (v/v)]. It is observed that the Pd-1-
PIC performs with high degree of selectivity to afford the formation of
poly(hydroorganosiloxane)s, H,RSi(OSiRH),OSiRH,. The catalyst is found to be equally facile
for hydrolytic oxidation of secondary organosilanes and resulted in the formation of Si-H
terminated poly(siloxane)s, HMe(R)Si[OSi(R)Me],OSi(R)MeH (R = Ph, n-Hex, cyclo-Hex, n-

Oct, PhMe,SiCH,CH,, Ph,MeSiCH,CH,, Et;SiCH,CH,) of M,, = 1.1 x 10° to 3.1 x 10°, PDI =



1.1-15. The HR-TEM micrographs reveal that the catalyst does not undergo structural
reorganization before and after the catalytic event suggesting its high stability and recyclability.
The catalytic behavior of Pd-3-PIC which is comprised of Pd nanowires differs significantly
from that of Pd-1-PIC. An examination of hydrolytic oxidation of phenylsilane with Pd-3-PIC
as a catalyst resulted in the formation of a highly insoluble cross linked product due to complete

oxidation of Si-H bonds in the precursor.

Chapter IV —Development of Pickering interfacial catalyst based on AuNPs for hydrolytic

oxidation of organosilanes

As part of our ongoing studies, we endeavored to construct AuNP- based Pickering interfacial
catalysts, namely Au-1-PIC and Au-3-PIC, using block copolymers 1 and 3 as scaffolds for
stabilization of NPs. A detailed study by HR-TEM micrographs provides information on the size
and shape of the NPs entrapped at water-chloroform interface. It has been observed that
individual AuNPs are not densely packed at the interface and do not show long-range
order possibly because of their broad size and shape distribution (355 nm in Au-1-PIC;

10-15 nm in Au-3-PIC).

The application of Au-1-PIC for hydrolytic oxidation of organosilanes is limited due to
its instability during the catalytic event and formation of large aggregates of NPs of size
100-200 nm. However, Au-3-PIC is found to be stable and the reaction of primary
organosilanes, RSiH3 (R =Ph or alkyl) with water (0.01 mol % of Au) proceeds efficiently
at 80 °C to afford the formation of linear poly(hydrosiloxane)s, H,RSi(OSiHR),OSiRH,
(R = Ph, n-Hex, cyclo-Hex, n-octyl, PhMe,SiCH,CH;, ThMe,;SiCH,CH,,

Ph,MeSiCH,CH,, Et3SiCH,CH,). Thus, the catalyst performs selelctively in a manner

Vi



similar to Pd-1-PIC described in chater Il1l. However, Au-3-PIC exhibits a much lower
activity [TOF (h™), I®7 11" cycle: 825/ 205 for PhSiHs] as compared to Pd-1-P1C [TOF
(h™Y), 111" cycle: 1800/ 1450 for PhSiHs]. This large difference in the catalytic activity is
substantiated by examining the fate of the metal NPs after the second cycle of the
reaction. The HR-TEM micrographs reveal no structural reorganization of PdNPs during
the catalytic event suggesting that the catalyst is highly stable. On the other hand,
aggregation of AuNPs is evident from the TEM micrographs. The results clearly suggest
that the vesicular structure acting as scaffold for PANPs impart stability and large surface
active area to promote higher activity as compared to Au-3-PIC for the hydrolytic

oxidation of Si-H bonds.

Chapter V — Functionalization of poly(hydrophenylsiloxane)

The study described in this chapter relates to chemical modification of the preformed polymer,
H,PhSi(OSiPhH),0OSiPhH, using hydrosilylation approach. The synthesis of the polysiloxane (
Mw = 1800 — 2050, PDI = 1.3-1.4) is described in chapter IV. A variety of vinyl/ allyl-
substituted substrates such as RSCH,CH=CH, (R = n-dodecyl, n-hexyl, n-butyl),
CH,=CHCH,(OCH,CH;);0CH3 and ThMe,SiCH=CH, have been used for hydrosilylation
reaction. Following this method, a number of hitherto unknown poly(siloxane)s with thio/
oligoether-substituted side chains have been synthesized and characterized by GPC, IR, 'H,
Bef'H} and *Si{*H} NMR spectroscopy, as well as thermogravimetric analysis (TGA) and

differential scanning calorimetry (DSC) analysis.

Vii



RYT-ar

3R FTRFINT F AT hAade Tl & [T T F9sh 3T vera fhar gl
gH Hed # 3T urfasw SifeeidARe s 3ngdt & Sesgeiada/
Medlgeled oA § god FHA RAOA | 9gd A6 ear ar ar g1 g
fafeat & aAtewsw ¥ Si-0 §U & [AHAT F 1T sEEEseT (Hy)/ Vedhad (RH) &r
ge&T 3c9G o ®T H fAFIer SATar 8, 39 g & SAfcel IfohaT &I 3TaRTehdl HI TATC
eI ST gl 3ORE N TIATCHBAT IFET JAiiod Herfifldw/  geAfdaror
HATHIIT T FATTT FA § T AR ASelldFole] HET Helell R AT HrIIcHS
THGT T ATTAS Fel & ARIET Al &

Sifad fharaR & Iafeaes aRadd & fov ar sifasoir ava gt (ae & ae /
éﬁﬁmﬁ)%ﬁ%ﬁﬁWmﬁwW%&ﬁﬁwsﬂwﬁg‘é%m%lﬁw
o, TIfecT & T HTlhd F UdT Toidl g b IRl SIBATAd 300 & & H
dgeish JARIAT dldel U1 Aeiehull T TR@T 3R Feor 37 o o At €
3R g aRfeafaat & g axa fr aAwer i o7 @ 1 Ay-gey J foar g
F1H AT TBTH (Pd) 3R Mes (Au) o @R 3meamRa AR Sexhi@ad 30w
(PIC) Aof@d & & fOT v gaffyd 31Tg Ueld AT gl Ueil- FoRIbI
SBH W ANl Ul sAerholl 1 FERROT gRadelid @S & Jeurd ard
whhfods © Fedgaw Ol (SEAUBA  wEdeE)  (PDMS) iR dfeh
GMEAEART AY3HBele) Ulell (AMSAEIAGS 3hSele) (PIBMA/ PiBA) @sl W
ARl H Ao giffe fhar Srar g1 wafAe AR gfade sefaasesd &
gIsgiesices il & foIT PIC T 3R FHIEhRel & fa&dd faaror weqa
frar amar gl

QMET USY & Ui eI H fQanfaa frar =r g1 3reu ¢ Si-0 §Y S99 & fou
3 AN T 3AER el dlel ARMAIATgelierolel & HIAA @I aeiel H grel & #
g‘éwr%wavﬁ?rwm%, Sefh LAY R A IAA IeqIA A HTAA gfskani iR




foesor auie ggfordl 1 faega feror anffier &1 ey 3-9 # adAe R 4§ 3R
arel GROTAT &1 faEgd fdevor anfder &

HEA 3 - AfAEEAT F gEsdaEies AFdeor F v das dAdwon w®
3raRa NHRer SR 300 #1 Rew

SH AT H, §H A0 JolBIgdH ol W IMTRT [UhRT ScIhiadd 3ce a1
Pd-1-PIC 3R Pd-3-PIC &l Uil-FalRIGI# Gfauaieys Aegd A fAATor & qoia
Wﬁlmwﬁmwwmmw, PiBMAs-b-
PDMS75-6-PiBMA4s (1) and PiBA2o--PDMS75-5-PiBA2g (3) T aAalshull I A
fpar STar § foee teH oeawt Rwd Nfamsaee (ATRP) R & Ateyd @ saman
ST g Iodeh RUfd & FaRIwid & JAN0T PANPs gart f&RR aell &1 s&r &
foeTor ¢@ar ST &1 Ik ST TE § T ger 1 ¥ wied PANPs ®Hg dlell-aFeiRIhie
S W YfewrhR (vesicular) 3Thfd & gRafda g sirar § qur gRomeAEsy a3
afhg @de &9 & a1y R OaRer seaxdhfaad 3ce (Pd-1-PIC) & faA0T grdar
gl q@ll @%, Pd-3-PIC & HAAS # PdNPs &1 3Hfd aelt arR Sl el
3fiehdd Al Bl ApRaT 3cRe 1 3refpfad aRRFATT & [0.01 A % Pd; Feliopie:
ger 4: 1 (viv)] WiaAe  ARfEEReed, RSiH; (R = Ph, nHex, nOct,

ThMe,SiCH,CH,, Ph,MeSiCH,CH,) & grssiarsiecar 3ifedieor & fav o fr a8
gl I8 U S § & Pd-1-PIC 3R  TIAHSAT & I
qTell(gTS3I3ieA S digats?), HoRSi(OSIRH),OSiRH, &1 f@#AT0r &ar g1 3R+
gfadae JefAaSeld & gsglensfed AFAaUT & fav A &7 & dgoT 9T
ST ¥ kiiny gRoTHTawT Si-H forRea ATl (HTSellerated),
HMe(R)Si[OSi(R)Me],OSi(R)\MeH (R = Ph, nHex, cyclo-Hex, nOct,

PhMe,SiCH,CH,, PhoMeSiCH>CH,, EtzSiCH,CH2) (My = 1.1 X 10° to 3.1 x 103,
PDI = 1.1-1.5) §aTar §1 HRTEM HABHIATE & UdT Toldl ¢ [ 39 3Ta fERdr
3R gl TESTAT & HROT 30 AT § ggel 3R dlc # GeAlcHS IR
el &dr g1 Pd-3-PIC &l 3@ <¥agR f3a#d Pd a« dr enfA« g, Pd-1-PIC &
I 31697 &1 Pd-3-PIC 3¢9 & AU PhSiH; & grggiesieass 3iierdishor & gdam




& URUTAETEY Si-H 8 & qoT JieFdIaRor & HROT ATt Il Hig-foles
3cUTe, deAdT B

FA ¢ - IARAEEAFT & gEsiafed dTdeRor F AT Aes dAAFUl W
3raRa NHRer SR 300 #1 Rew

EAR I g 3IETTT & HET & &I &, saﬁ@gasqgo{ch 1 3R 3 & AAHUT &
fEeRoT # 39T XA g AuNPs W 3MTRA TIRer Sexsfaae 3cReh, Amei
Au-1-PIC 3R Au-3-PIC & @&0T e &1 g3 fearl HRTEM #ABHETG &
farqa 3Ty Ie-FaRIBA SBT W G Adlwoll & AR AR R &
STehRY 9o gldl 81 I8 @ 1 § o @eraa: g9 R 3N 3ehia faawor
(Au-1-PIC # 33 + 9 nm; Au-3-PIC & %o-24 nm) & FRUT AuNPs Thd TR T
qFAY Tel SelTd mmé‘raa%q&a%mawﬁ%l

3N TATRAT & aRTeT 3T 3R NPs & goo-00 nm R dTed I3 HHTUY
& AT & FRUT AR § gsslasies dadeRor & v Au-1-PIC &
39gter WfAT 1 gTenifd, Au-3-PIC TR 9 arar § 3R sadr 3ufeafa & grafas
fAasa=a, RSiH; (R =Ph or alkyl) & 80 f33ff afeaaw w ol & @y
3ifAfrar IR greli(grssisie=asadidss), HoRSi(OSiRH),0SiRH, (R = Ph, n-Hex,
cyclo-Hex, n-octyl, PhMe,SiCH,CH,,  ThMesSiCHLCHo, PhoMeSiCH,CH,,
Et;SiCH,CH,) T AT &Xdl &1 30 YR g 3cUeh 3T 3 H gfotd Pd-1-PIC
& A @ Y T gl IeIM, Au-3-PIC [TOF (h'), ygd/ gfada a%:
825/205 PhSiH; & faw], Pd-1-PIC [TOF (h"), wua/ gfadm ash: 2coo/gyyo
PhSiH; & forw] & Jefen afrqu A Al gear g1 fAfHAr & gEy =% & ag
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TITAT 915 & ®9 H PANPs &1 [&ATdr 3R 937 9T ddg 817 Yeld &l Si-H a7
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HRAVT AT ¥ H afota &1 [Affiea gvR & vinyl / allyl- gfaeenfa framart s
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS

%

°C

Amax
AUNPs
ATR
ATRP
b.p.

b

bcp

br

n-Bu
n-BuLi
Bu'
cyclo-Hex
cm

Cp
CH,CI,
CDCls

DLS
DEPT
DSC
D,"

e.g.
ESI

Et

Et,O
FESEM

percent

chemical shift

frequency

degree centigrade

absorption maxima

gold nanoparticles

attenuated total reflectance

atom transfer radical polymerization
boiling point

block

block copolymer

broad

n-butyl

n-butyl lithium

tert-butyl

cyclo-hexyl

centimeter

cyclopentadienyl
dichloromethane

deuterated chloroform

doublet

dynamic light scattering
distortionless enhancement by polarization transfer
Differential scanning calorimetry

2,4,6,8-tetramethylcyclotetrasiloxane

2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasiloxane

for example
electrospray ionization
ethyl

diethyl ether

field emission scanning electron microscopy

Xiv



FT Fourier transform

Fu furyl

g gram

GC gas chromatography

GPC gel permeation chromatography
h hour

Hz Hertz

HPLC high performance liquid chromatography
HRTEM high resolution transmission electron microscopy
n-Hex n-hexyl

i.e. that is

IR infrared

J coupling constant

k rate constant

m multiplet

m/z mass/charge

MHz Mega Hertz

M* molecular ion

Me methyl

M monomer

mmol millimole

mol mole

mL milliliter

M number average molecular weight
My weight average molecular weight
nm nanometer

NMR nuclear magnetic resonance

OAc acetate

oTf triflate

p- para

PDI polydispersity index

PMHS poly(hydromethylsiloxane)

Ph phenyl
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PIBMA
PiBA
PDMS
PMDETA
PIC

Pd
PANW
PXRD
q

RT
ROP

SAED

TEM
Th

Tm
TGA
THF
T™S
TON
TOF
uv

wt

poly(isobornylmethacrylate)
poly(isobornylacrylate)
poly(dimethylsiloxane)

N, N, N’, N”’, N”’- pentamethyldiethylenetriamine

Pickering interfacial catalyst
palladium

palladium nanowire

powder X-ray diffraction

quartet

room temperature

ring opening polymerization
singlet

selected area electron diffraction
triplet

transmission electron microscopy
thienyl

glass transition temperature
melting temperature
thermogravimetric analysis
tetrahydrofuran
tetramethylsilane

turn over number

turn over frequency

ultraviolet

weight
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