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ABSTRACT

Recently, biocompatible anisotropic particles have emerged as a powerful platform in the
biomedical field, especially in the areas such as therapeutics, theranostics, biosensor, targeted
drug delivery, triggered drug delivery, cellular uptake, targeted cellular internalization, etc.,
because of their unique characteristics and superior performances over their isotropic
analogues. Macromolecular anisotropic particles can primarily be classified into three different
categories, such as shape anisotropy, compositional anisotropy, and surface anisotropy, i.e.,
heterogeneous surface chemistry leading to anisotropic surface patches. We were particularly
interested to fabricate biocompatible/biodegradable anisotropic particles based on
biodegradable poly(lactic acid) and biocompatible polyacrylates.

In order to achieve the target, we have synthesized a random copolymer of methyl
methacrylate (MMA) and 2-hydroxy ethyl methacrylate (HEMA) via Atom Transfer radical
polymerization (ATRP) whose hydroxyl groups were later modified as bromo functionalized
moieties named as poly(MMA-co-BEMA) (poly(methyl methacrylate-co-
2-(2-bromopropionyloxy) ethyl methacrylate). In chapter 2, this bromo functionalized random
copolymer, poly(MMA-co-BEMA) was blended with poly(lactic acid) by dissolving both in a
mixture of chloroform and dimethyl formamide and the resultant polymer solutions were used
to fabricate cup shaped microparticles of ~6 um size via electrohydrodynamic jetting
technique. The polymer solutions were jetted at different solution parameters (concentration,
polymer composition, solvent system) and processing parameters (flow rate). And several
properties of the jetted particles such as electrical conductivity, viscosity, surface tension etc.
were studied to have a good understanding of the mechanism involved in cup shape formation.
The mechanistic understandings also provide insight into the transition from cup, sphere to disc
shape of the jetted particles.

In chapter 3, two hydrophilic brushes i.e., poly(HEMA) (poly(2-hydroxy ethyl
methacrylate)) and poly(DMAEMA) (poly(2-(Dimethylamino) ethyl methacrylate)) were
separately and individually grown from the surface of cup shaped microparticles. The shape-
shifting of cup-shaped particles occurred when surface initiated ATRP of HEMA (2-hydroxy
ethyl methacrylate) was carried out for 1 hour because of the immobilization of self-
crosslinkable poly(HEMA) brushes onto the surface of the cup shaped particles. Post
polymerization, these particles underwent controlled bending leading to the formation of
spherical ball with one small opening (hole). However, no change of shape was observed while

growing non-crosslinkable hydrophilic poly(DMAEMA) (poly(2-(Dimethylamino) ethyl
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methacrylate)) brush from the surface of cup shaped particles. To understand the underlying
phenomena of shape shifting, simulation studies were also performed. Dissipative particle
dynamics (DPD) simulation of the ATRP process at the cup surface further confirmed that the
use of HEMA monomer indeed led to the desired structure of the cup particle due to the
crosslinking connectivity across the interface. We have also calculated the radial distribution
function (RDF) and radius of gyration to study the structure of modified particles.

In chapter 4, responsive properties of poly(DMAEMA) (poly(2-dimethylamino ethyl
methacrylate)) brush modified cup shaped particles were studied and a small molecule
(Rhodamine B) was adsorbed at different pH. An enhanced dye adsorption at specific pH was
observed. Dye released study showed the burst release of dye at acidic pH due to the swelling
of poly(DMAEMA) brushes. In another study, a model enzyme (macromolecule) such as a-
glucosidase was immobilized onto poly(DMAEMA) (poly(2-dimethyl amino ethyl
methacrylate)) brush modified anisotropic (cup and disc shaped) biocompatible polymeric
particles. We have also demonstrated the role of swollen polymer brush grafted on the surface
of cup shaped particles via surface initiated atom transfer radical polymerization, in
immobilizing unprecedentedly high loading of enzyme (440 mg/g (cup) — 589 mg/g (disc) of
particles, 15-20 times higher than literature reported system) as compared to non-brush
modified particles. Circular dichroism spectroscopy was used to predict the structural changes
of the enzyme upon immobilization onto the carrier particles. An enormously high amount of
enzyme with preserved activity (~85+13% for cups and ~78+15% for discs) was found to
adhere onto brush modified particles at pH 7 via electrostatic adsorption and the enzyme
loading capacity was observed to be progressively higher with increase of enzyme
concentration and grafting density as well, till the saturation limit. In addition, accelerated
particle separation was also achieved via magnetic force induced aggregation within 20 min
(without centrifuge) by incorporating magnetic nanoparticles into disc shaped particles while
electrojetting.

In last chapter, we have focused to make compositional anisotropic microparticles, i.e,
Janus microparticles consisting of two different phases where poly(MMA-co-BEMA) was
incorporated into one compartment only and hydrophilic brushes, poly(DMAEMA) was grown
from the this particular compartment only, These selectively brush modified Janus particles
which contained one part hydrophilic (poly(DMAEMA)) and another part hydrophobic
(poly(lactic acid)). These types of amphiphilic particles were shown to be well suited for the
Pickering emulsion stabilization to stabilize octanol(oil)/water emulsion. Metal nanoparticles

such as gold nanoparticles and iron (0) nanoparticles were incorporated into two different
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compartments of these brush modified Janus particles where gold and iron nanoparticles were
simultaneously demonstrated to catalyze the reduction of p-nitrophenol to p-aminophenol
(100% conversion within 1 min) and the dechlorination of trichloroethylene in same octanol

(oil)/water emulsion, respectively.
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Figure 1.16 Selective surface functionalization of three-patch microparticles (B1)
Schematic (B2) CLSM images to of surface modified three patch particles
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(particles containing poly 1, 4 and 5) (B3) 3 dimensional reconstruction of the
microparticles collected in the z-direction.

Figure: 1.17 Confocal Laser Scanning Microscopic images of (a) microcyllinders
having 120pum length before polymerization (b) microcyllinders having 120pm
length before polymerization.

Figure 1.18 Scanning electron microscopic image of (a) cup shaped particle
before polymerization (b) cup shaped particle after growing PDMAEMA brushes,
Confocal Laser Scanning Microscopic images of (c) & (d) Rhodamine B dye
adsorption on cup shaped particles before polymerization at pH-7 & pH-4,
respectively, (¢) & (f) Rhodamine B dye adsorption on cup shaped particles after
polymerization at pH-7 & pH-4, respectively.

Figure 1.19 Scanning electron microscopic image of cup shaped particle
polymerized at different intervals to grow PHEMA brushes (a) Oh (b) 15min (c)
1h (d) 3h and (e) 19h.

Figure 1.20 (a) Schematic for the selective degradation of PEO containing
poly(AAM-co-AA) compartment at pH 7.4 (b) % release of FITC-PEO at
different pH.

Figure 1.21 Drug release profile for LD and CD encapsulated biphasic
PLGA/PLLA particles (a) when LD is in PLA and CD is in PLGA (b) when LD
is in PLGA and CD is in PLA.

Figure 1.22 (a) Doc concentration Vs Time curve at different time intervals and
for various organs (b) % release of Doc with respect to time.

Figure 1.23 (a) Fabrication scheme of RBC coated spherical, prolate ellipsoid
and oblate ellipsoid particles (b) Half-life of RBC coated and uncoated spherical,
prolate ellipsoid and oblate ellipsoid particles (c) Biodistribution of RBC coated
and uncoated spherical, prolate ellipsoid and oblate ellipsoid particles.

Figure 1.24 (a) Cellular-uptake kinetics of 200nm discs, 325nm dics 400nm rods
and 800nm rods in various cell lines. (a) HeLa cells, (b) HEK 293 cells, (c)
BMDC:s, and (d) HUVEC cells.

Figure 1.25 (a) Internalization profile of cubic and cylindrical particles prepared
via PRINT technique with HeLa cells over an incubation period of 4h.
Reproduced from ref 31. Copyright 2008, with permission from PNAS. (b)
PVPON/TA spherical and hemispherical particles internalized per cells.

Figure 1.26 Catalytic reduction of p-nitrophenol by Ag embedded poly(St-co-
VA)/(PTA) Janus particles.
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Figure 1.27 (a) UV-Vis spectra for reduction of p-nitrophenol catalysed by Au
embedded SiO2@PDVB/PS Janus particles (b) UV-Vis spectra for reduction of
p-nitrophenol catalysed by Au embedded SiO2@PDVB/PS Janus particles (c)
UV-Vis spectra for reduction of methylene blue dye by Ag embedded PAA/PS
Janus particles

Figure 2.1 '"HNMR spectrum of random copolymer of MMA and HEMA
[poly(MMA-co-HEMA)]

Figure 2.2 'HNMR spectrum of random copolymer of MMA and BEMA
(poly(MMA-co-BEMA)

Figure 2.3 SEM images of electrojetted samples at a concentration of 1 wt%
having (a) sample 1 (0% PLA) (b) sample 2 (25% PLA) (c) sample 3 (50% PLA)
(d) sample 4 (75% PLA) (e) sample 5 (90% PLA) and (f) sample 6(100% PLA).

Figure 2.4 DSC thermograms of poly (MMA-co-BEMA) and sample 4.

Figure 2.5 SEM images of electrojetted samples from 1 wt% polymer (sample 4)
solution in different solvents (a) Dichloromethane (b) Chloroform (c¢) Chloroform
: DMF (98:2) (d) Chloroform : DMF (96:4) (e) Chloroform : DMF (95:5) (f)
Cholroform : DMF (94:6)

Figure 2.6 SEM images of eclectrojetted samples (sample 4) at different
concentration with same solvent system (chloroform: DMF — 95:5) (a) 0.5wt%
(b) 1wt% (c) 2wt% (d) 3wt%.

Figure 2.7 SEM images of electrojetted solutions of sample 4 at a flow rate of
(a) 0.5 mL/h (b) 1 mL/h (c) 1.5 mL/h.

Figure 2.8 SEM image of cup shaped particles electrojetted from 1 wt% solution
of poly (MMA-co-DMAEMA) and PLA blend at a ratio of (1:3) prepared in a
solvent system of chloroform:DMF (95:5) (flow rate: 1 mL/h and applied voltage:
9 KV).

Figure 3.1 Representative Scanning Electron Microscopic images of dry (a) cup
shaped particles (b) Poly(HEMA) brush modified cup shaped particles for 1h (c)
Poly(DMAEMA) brush modified cup shaped particles for 1h.

Figure 3.2 Representative Scanning Electron Microscopic images of dry
poly(HEMA) brushes modified cup shaped particles for (a) Oh (b) 15 min (c) 1h
(d) 3h (e) 19h and (f) variation of hole size (opening) in cup shaped particles over
polymerization time (a portion of the graph shown in the inset).
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Figure 3.3 Representative Scanning Electron Microscopic images of dry
poly(HEMA) brush modified cup shaped particles for (a) 0 min (b) 15 min (c) 60
min.

Figure 3.4 Raman spectra of (A) cup shaped particles (black line) (B)
Poly(DMAEMA) brushes modified cup shaped particles (red line). (C)
Poly(HEMA) brushes modified cup shaped particles (blue line).

Figure 3.5 FTIR (Fourier Transform Infrared) spectra of (a) Cup shaped particles
(blue line) (b) Poly(HEMA) brushes modified cup shaped particles (red line) (c)
Poly(DMAEMA) brushes modified cup shaped particles (black line).

Figure 3.6 CLSM (Confocal Laser Scanning Microscopic) and DIC (Differential
Interference Contrast) Images of Rhodamine B adsorbed (a) and (d) cup shaped
particles, (b) and (e) Poly(HEMA) brush modified cup shaped particles, (c) and
(f) Poly(DMAEMA) brush modified cup shaped particles, respectively.

Figure 3.7 (a) The monomer conversion (in black) and In([M],/[M];) (in red)
as a function of time during the polymerization for DMAEMA (as in Figure 1a)
where [M], is the current concentration of unreacted monomer. The
dimensionless time (reaction time), ¢, is the number of simulation steps multiplied
by the time step, At =0.02. (b) The conversion (black curves) and
In([M],/[M];) (red curves) as a function of time during the polymerization for
HEMA monomers and crosslinker for the evolution shown in Figure 1b.

Figure 3.8 Time evolution of the alteration observed in the cup particle due to the
growth of polymer brushes via atom transfer radical polymerization (ATRP) in
the presence of (a) DMAEMA monomers and (b) HEMA monomers for
[T]o/[X]o/[M]o = 1/5/20, and [I]o/[X]o/[M]o = 1/5/75 at the time displayed in the
figure. The orange and purple beads represent the cup particle (PLA) and the
embedded initiators (poly(MMA-co-BEMA), respectively. The initiators are
distributed equally on both the inner and outer surfaces of cup particle. The green
bead represents an active monomer radical, and the blue bead shows the reactive
monomer. Partially active and entirely reactive crosslinked HEMA beads are
denoted by yellow and red, respectively.

Figure 3.9 Comparison of the radial distribution function (g(r)) and radius of
gyration (Ry) of the modified cup particle. The black curve represents g(r) and

Ry for poly(DMAEMA) brush; the red and green curves represent g(r) and R,
for poly(HEMA) brush for [I]o/[X]o/[M]o = 1/5/20, and [I]o/[X]o/[M]o = 1/5/75
respectively.

Figure 3.10 Time evolution of the alteration observed in the cup particle when
initiators are distributed in a ratio 1:2 on both the inner and outer surfaces of cup
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particle; [I]o/[X]o/[M]o = 1/5/20. Comparison of the radial distribution function
(8(r)) and radius of gyration (R,) of the modified cup particle.

Figure 4A.1. (a) SEM image of dry cup shaped particles (average particle
diameter - 5.2pum + 0.60) (b) AFM image (phase image) of dry cup shaped
particles (c) SEM image of PDMAEMA brushes modified cup shaped particles
for 1h (average particle diameter - 9.0um + 2.1). (d) AFM image (Height image)
of PDMAEMA brushes modified cup shaped particles for 1h. Scale bar is 5 pm.
Note: For elongated cup shaped particles, major axis has been measured as
diameter.

Figure 4A.2 Brightfield images of (a) cup shaped particles (average particle
diameter -5.9um =+ 0.6) (b), (c) and (d) particles after growing PDMAEMA
brushes from the surface for 15 min (average particle diameter - 6.8um = 1.6), 30
min (average particle diameter -7.6pm + 1.5) and 1h (average particle diameter -
9.2um + 1.8) respectively.

Figure 4A.3 Increase in average particle diameter of PDMAEMA brush
modified cup shaped particles with respect to polymerization time.

Figure 4A.4 Swelling ratios obtained from diameter change of the PDMAEMA
brush modified particles compared to unmodified one with respect to
polymerization time.

Figure 4A.5 Confocal Laser Scanning Microscope images of cup shaped particles
(average particle diameter -5.9um =+ 0.6) and particles modified with PDMAEMA
brushes from the surface for 15 min (average particle diameter - 6.8um + 1.6), 30
min (average particle diameter -7.6pm + 1.5) and 1h (average particle diameter -
9.2um + 1.8). Scale bar is 5 pm. Dye adsorption was done at pH 7.

Figure 4A.6 Representative Raman spectra of (A) neat PLA (black) (B)
poly(MMA-co-BEMA) (Red line) (C) cup shaped particles (blue line) (D) cup
shaped particles modified with PDMAEMA brush (light blue line). Zoom in
images of characteristic bands were shown in left- and right-hand sides.

Figure 4A.7 Brightfield image of cup shaped particles modified with
PDMAEMA brush for 1 h at (a) pH — 4 (average particle diameter: 14.8 pm =+
3.4) and (b) pH -7 (average particle diameter: 9.2pm =+ 1.8).

Figure 4A.8 Confocal Laser Scanning Microscope images of dye adsorbed
unmodified cup shaped particles (a) at pH -7 (b) at pH —4; dye adsorbed modified
cup shaped particles (c) at pH-7 and (d) at pH -4. Scale bar is 10 um. Dye
adsorption experiments were performed at pH 4 and pH 7.
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Figure 4A.9 Adsorption kinetics data for (A) Cup shaped particles (B) Modified
cup shaped particles (C) Disc shaped particles (D) Modified disc shaped particles
atpH-7.

Figure 4A.10 Linear fitting plots of kinetic data using pseudo-second order
kinetic model for (A) unmodified cup shaped particles (B) polymer brush
modified cup shaped particles (C) unmodified disc shaped particles (D) polymer
brush modified disc shaped particles. All experiments were carried out at pH 7.

Figure 4A.11 Dye adsorption at different concentration for (a) - (A) Cup shaped
particles at pH — 7 (B) Cup shaped particles at pH — 4 (C) Polymer brushes
modified cup shaped particles at pH — 7 (D) Polymer brushes modified cup shaped
particles at pH — 4. (b) - (A) Disc shaped particles at pH — 7 (B) Polymer brushes
modified disc shaped particles at pH — 7 (C) Disc shaped particles at pH — 4 (D)
Polymer brushes modified disc shaped particles at pH — 4.

Figure 4A.12 Fit of the equilibrium data obtained at pH 7 (Figure 10) with
Freundlich Isotherm model for (A) unmodified cup shaped particles and (B)
polymer brush modified cup shaped particles. [R? is the correlation coefficient].

Figure 4A.13 (A) Cup shaped particles at pH — 4 (B) Cup shaped particles at pH
—7 (C) Cup shaped particles at pH — 9 (D) Polymer brushes modified cup shaped
particles at pH — 4 (E) Polymer brushes modified cup shaped particles at pH — 7
(F) Polymer brushes modified cup shaped particles at pH — 9.

Figure 4B.1 NMR spectrum of random copolymer of methyl methacrylate and
DMAEMA (2-dimethyl amino ethyl methacrylate) [poly(MMA-co-DMAEMA)].

Figure 4B.2 (a) Cup shaped particles fabricated from PLA and poly(MMA-co-
BEMA) (75:25) (P1), (b) Cup shaped particles fabricated from PLA and
poly(MMA-co-DMAEMA) (75:25) (P3) (¢) Poly(DMAEMA) brush modified
(polymerized for 1h) cup shaped particles (P2).

Figure 4B.3 TEM images of (a) cups (P1) (b) poly(DMAEMA) brush modified
cups (P2) (¢) Enzyme immobilized P2 particles.

Figure 4B.4 Evolution of amount of immobilized a-glucosidase enzyme on cup
shaped particles fabricated from a blend of PLA and poly(MMA-co-BEMA)
(75:25) (P1), cup shaped particles fabricated from a blend of PLA and
poly(MMA-co-DMAEMA) (75:25) (P3) and poly(DMAEMA) brush modified
cup shaped particles (P2). Each data point represents the average of three runs.

Figure 4B.5 Evolution of Zeta Potential of (a) poly(DMAEMA) brush modified
P2 particles with respect to pH (b) poly(DMAEMA) brush modified particles with
varying initiator (poly(MMA-co-BEMA) content (A) before enzyme
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immobilization (B) after enzyme immobilization. Each data point represents the
average value of three readings.

Figure 4B.6 Bright field images of poly(DMAEMA) brush modified cups
polymerized for (a), (b) 5 min (c), (d) 15 min and (e), (f) 30 min before (left
column) and after (right column) enzyme immobilization, respectively.

Figure 4B.7 Bright field images of (a), (b) poly(DMAEMA) brush modified cups
containing 10% poly(MMA-co-BEMA) and (c), (d) poly(DMAEMA) brush
modified cups containing 50% poly(MMA-co-BEMA) polymerized for 1 h;
before (left column) and after (right column) enzyme immobilization,
respectively.

Figure 4B.8 Evolution of amount of adsorbed a.-glucosidase on poly(DMAEMA)
brush modified cup shaped particles with varying initiator content: (poly(MMA-
co-BEMA) — 0% (P1), 10%(P4), 25%(P2) and 50%(Ps). Each data point represents
the average of three runs.

Figure 4B.9 SEM (Scanning Electron Microscopic) images of particles
composed of PLA and poly(MMA-co-BEMA) (75:25) (a) Cups (b) Discs.

Figure 4B.10 Evolution of amount of adsorbed o-glucosidase on
poly(DMAEMA) brush modified cup shaped particles polymerized for different
time periods [5 min (Ps), 15 min (P7), 30 min (Ps) and 60 min (P2)]. Each data
point represents the average of three runs.

Figure 4B.11 Bright field images of (a) cups (b) poly(DMAEMA) brush
modified cups (c) Enzyme immobilized poly(DMAEMA) brush modified cups
(d) Discs (e) poly(DMAEMA) brush modified discs (f) Enzyme immobilized
poly(DMAEMA) brush modified discs.

Figure 4B.12 Evolution of amount of immobilized o-glucosidase on
poly(DMAEMA) brush modified cups (P2) and brush modified discs (P9). Each
data point represents the average of three runs.

Figure 4B.13 Evolution of amount of active enzyme on poly(DMAEMA) brush
modified cups (P2) and poly(DMAEMA) brush modified discs (P9). Each data
point represents the average of three runs.

Figure 4B.14 FTIR-ATR spectra of (A) free a-glucosidase enzyme (B)
poly(DMAEMA) brush modified cups (C) a-glucosidase immobilized,
poly(DMAEMA) brush modified cups.

Figure 4B.15 (a) Circular dichroism (CD) spectra of (A) native a-glucosidase
enzyme (B) blank poly(DMAEMA) brush modified cup shaped particles (without
adsorbing any enzyme) (C) desorbed enzyme from enzyme immobilized,
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poly(DMAEMA) brush modified cup shaped particles (D) desorbed enzyme from
enzyme immobilized, poly(DMAEMA) brush modified disc shaped particles (b)
Enlarged part of spectra shown in (a) and (c) Percentage of a -helix, B-sheet and
Random coil in neat enzyme (A), enzyme desorbed from cup shaped particles (B)
and enzyme desorbed from disc shaped particles (C).

Figure 4B.16 CLSM images of o-glucosidase immobilized (a), (c)
poly(DMAEMA) brush modified cups (P2) before and after enzyme
immobilization, respectively. (b), (d) poly(DMAEMA) brush modified discs (P9)
before and after enzyme immobilization, respectively.

Figure 4B.17 (a) SEM images of magnetic nanoparticles loaded discs (b) EDX
(Energy dispersive X-ray) spectra of magnetic nanoparticles loaded discs.

Figure 4B.18 (a), (b) Bright field images and (c), (d) TEM images of magnetic
nanoparticles loaded discs and poly(DMAEMA) brush modified (polymerized for
1 h) magnetic nanoparticles loaded discs, respectively.

Figure 4B.19 TGA of (A) iron (0) magnetic nanoparticles loaded disc shaped
particles (B) poly(DMAEMA) brush modified iron (0) magnetic particles loaded
disc shaped particles

Figure 4B.20 Photos of (a), (c) & (e) brush modified particles (polymerized for
5 min) without any magnetic nanoparticles, kept undisturbed for 0 min, 20 min
and 50 min, respectively; Photos of (b), (d) and (f) brush modified particles
(polymerized for 5 min) with magnetic nanoparticles, kept undisturbed for O min,
20 min and 50 min, respectively.

Figure 4B.21 Bright field image of poly(DMAEMA) brush modified magnetic
nanoparticles loaded disc particles (polymerized for 5 min).

Figure 4B.22 Retention of activity of enzyme after storing the P2 particles for 30
days. Each data point represents the average of three runs.

Figure 5.1 Scanning electron microscopic (SEM) images of Janus particles (a)
PLA in one compartment and PLA/poly(MMA-co-BEMA) (90/10) in second
compartment (P10) (b) PLA in one compartment and PLA/poly(MMA-co-BEMA)
(75/25) in second compartment (P2s) (¢) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso).

Figure 5.2 Brightfield images of Janus particles (a) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (90/10) in second compartment (P10) (b) ) PLA in
one compartment and PLA/poly(MMA-co-BEMA) (75/25) in second
compartment (P2s) (c) PLA in one compartment and PLA/poly(MMA-co-BEMA)
(50/50) in second compartment (Pso) (d) brush modified Janus microparticles,
having PLA in one compartment and PLA/poly(MMA-co-BEMA) (90/10) in
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second compartment (P10) (¢) brush modified Janus microparticles, PLA in one
compartment and PLA/poly(MMA-co-BEMA) (75/25) in second compartment
(P25) (f) brush modified Janus microparticles, PLA in one compartment and
PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso).

Figure 5.3 Confocal Laser Scanning Microscopic images of Janus particles (a)
PLA in one compartment and PLA/poly(MMA-co-BEMA) (90/10) in second
compartment (P10) (b) ) PLA in one compartment and PLA/poly(MMA-co-
BEMA) (75/25) in second compartment (P2s) (c) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso) (d) brush
modified Janus microparticles, having PLA in one compartment and
PLA/poly(MMA-co-BEMA) (90/10) in second compartment (P10) (e) brush
modified Janus microparticles, PLA in one compartment and PLA/poly(MMA-
co-BEMA) (75/25) in second compartment (P2s) (f) brush modified Janus
microparticles, PLA in one compartment and PLA/poly(MMA-co-BEMA)
(50/50) in second compartment (Pso).

Figure 5.4 Differential Interference Contrast images of Janus particles (a) PLA
in one compartment and PLA/poly(MMA-co-BEMA) (90/10) in second
compartment (P1o) (b) ) PLA in one compartment and PLA/poly(MMA-co-
BEMA) (75/25) in second compartment (P2s) (c) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso) (d) brush
modified Janus microparticles, having PLA in one compartment and
PLA/poly(MMA-co-BEMA) (90/10) in second compartment (P10) (¢) brush
modified Janus microparticles, PLA in one compartment and PLA/poly(MMA -
co-BEMA) (75/25) in second compartment (P2s) (f) brush modified Janus
microparticles, PLA in one compartment and PLA/poly(MMA-co-BEMA)
(50/50) in second compartment (Pso).

Figure 5.5 Scanning electron microscopic (SEM) images of Janus particles (a)
PLA in one compartment and PLA/poly(MMA-co-BEMA) (90/10) in second
compartment (P10) (b) brush modified Janus microparticles, having PLA in one
compartment and PLA/poly(MMA-co-BEMA) (90/10) in second compartment
(P1o0).

Figure 5.6 Fourier Transform Infrared Spectroscopy (FTIR) spectra of Janus
particles (a) PLA in one compartment and PLA/poly(MMA-co-BEMA) (50/10)
in second compartment (Pso) (b) brush modified Janus microparticles, having
PLA in one compartment and PLA/poly(MMA-co-BEMA) (50/10) in second
compartment (Pso).

Figure 5.7 Brightfield images of Janus particles (a) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso). Brush
modified Janus microparticles, having PLA in one compartment and
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PLA/poly(MMA-co-BEMA) (50/50) in second compartment (Pso), polymerized
for (b) 5 min, (c) 15 min, (d) 30 min and (e) 60 min.

Figure 5.8 Brightfield images of Janus particles (a) PLA in one compartment and
PLA/poly(MMA-co-BEMA) (90/10) in second compartment (Pso). Brush
modified Janus microparticles, having PLA in one compartment and
PLA/poly(MMA-co-BEMA) (90/10) in second compartment (Pso), polymerized
for Oh, 15 min, 30 min and 60 min.

Figure 5.9 (A) Schematic for Pickering emulsion stabilized by Janus particles
composed of PLA in one compartment and PLA/poly(MMA-co-BEMA) in
second compartment (B) Digital photos of Pickering emulsion stabilized by brush
modified Janus microparticles P10, P25 and Pso.

Figure 5.10 Brightfield images of (A) (a) Pickering emulsion stabilized by Janus
particles P10 (b) zoom in image (B) (a) Pickering emulsion stabilized by Janus
particles P25 (b) zoom in image (c) fluorescent image (B) a) Pickering emulsion
stabilized by Janus particles Pso (b) zoom in image.

Figure 5.11 Top image: Digital photos of emulsions made at different pHs;
Bottom image: Brightfield images of (a) brush modified Janus particles Psoat pH
— 4 (b) brush modified Janus particles Pso at pH — 7 (b) brush modified Janus
particles Pso at pH — 10.

Figure 5.12 Thermal Gravimetric analysis of (A) GNP synthesized onto brush
modified Janus particles P10 at HAuCl4 concentration of (a) SmM, (b) 15mM (c)
30mM (d) 50mM (e) OmM, (B) GNP synthesized brush modified Janus particles
(a) P1o (b) P2s (c) Pso at HAuCls concentration of 50mM, (C) GNP synthesized
onto brush modified Janus particles Pso, polymerized for (a) 5 min (b) 15 min (c)
30min (d) 60 min at HAuCl4 concentration of 50mM.

Figure 5.13 Field Emission Scanning Electron Microscope (FESEM) of (a) Janus
particles P10 (b) GNP synthesized brush modified Janus particles Pio (c)
Transmission electron microscopic image of GNP synthesized brush modified
Janus particles Pio.

Figure 5.14 (a) Energy Dispersive X- ray (EDX) mapping image of Janus
particles P10 (b) Field Emission Scanning Electron Microscope (FESEM) of Janus
particles P10 (c) EDX spectra.

Figure 5.15 UV-Vis spectra of p-nitrophenol reduction to p-nitroaniline reduction
catalysed by GNPs synthesized Pso at HAuCls4 concentration of (A) 5 mM (B)
15mM and (C) 50mM.

Figure 5.16 Brightfield images of (a) iron (0) nanoparticles (in PLA
compartment) loaded Janus particles (b) brush modified iron (0) nanoparticles (in
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PLA compartment) loaded Janus particles Pso (polymerized for 15 min) (¢) GNPs
synthesized (15mM HAuCls) brush modified iron (0) nanoparticles (in PLA
compartment) loaded Janus particles Pso (polymerized for 15 min).

Figure 5.17 Transmission electron Microscopy (TEM) images of (a) iron (0)
nanoparticles (in PLA compartment) loaded Janus particles (b) brush modified
iron (0) nanoparticles (in PLA compartment) loaded Janus particles Pso
(polymerized for 15 min) (c) GNPs synthesized (15mM HAuCls) brush modified
iron (0) nanoparticles (in PLA compartment) loaded Janus particles Pso
(polymerized for 15 min).

Figure 5.18 (a) Proton NMR study for dechlorination of trichloroethylene (TCE)
in octanol phase of octanol/water emulsion by iron (0) nanoparticles loaded (in
PLA compartment only) brush modified Pso particles (polymerized for 15 min)
(b) % conversion of TCE with respect to time.

Figure 5.19 Proton NMR study for dechlorination of trichloroethylene (TCE)
present in octanol phase of octanol/water emulsion by GNPs immobilized (15mM
of HAuCls), iron (0) nanoparticles loaded (in PLA compartment only) brush
modified Pso (polymerized for 15 min) (b) % conversion of TCE with respect to
time.

Figure 5.20 Proton NMR study for dechlorination of trichloroethylene (TCE) by
iron (0) nanoparticles loaded (in PLA compartment only) brush modified Pso
particles (polymerized for 15 min) present in water medium (b) % conversion of
TCE with respect to time.
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Atom Transfer Radical Polymerization
Surface Initiated Atom Transfer Radical Polymerization
Poly(methylmethacrylate)

Scanning Electron Microscopy
Tetramethylethylenediamine
Self-organization Rapid Precipitation
Poly(ferrocenylsilane)
Poly(2-vinylpyridine)

Cetyl Trimethylammonium Bromide
Hydroxy-cetyl Trimethylammonium Bromide
Polymerization Induced Self-assembly
Azobenzene Containing Poly(methacrylate)
Poly(methacrylic acid)

Liquid Crystal

Glass Transition Temperature

Poly(lactide-co-glycolide-b-ethylene glycol-b-lactide-co-glycolide)

Nile Red

Poly(ethylene-alt-maleic acid)

Poly(vinyl alcohol)
1,2-dioleoyl-sn-glycero-3-phosphocholine
Particle Replication in Non-wetting Templates
Perfluoropolyether

Poly(e-caprolactone)

Poly(vinyl pyrrolidone)

Poly(ethylene oxide)

Poly(ethylene glycol)
Electrohydrodynamic Co-jetting
Parkinson’s Disease

Levodopa

Carbidopa
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PEO
CLSM
PEI
SERS
PVCi
PLLA
o'W
W/O
PAAm
PNIPAM
DCC
DMAP
TRITC
BSA
RAFT
ROMP
NMP
HEMA
pHEMA
LAMMPS
DPD
MPS

ID
HUVEC
BMDC
EDTA
NMR
GPC
HPLC
DSC
DMF
THF
FTIR
BEMA
DIC
DLS
oM
AFM
TGA
p-NP
p-PNPG
PMDETA
EDX

Poly(ethylene oxide)

Confocal Laser Scanning Microscope
Poly(ethyleneimine)
Surface-Enhanced Raman Scattering
Poly(vinyl cinnamate)

Poly(L-lactic acid)

Oil-in-Water

Water-in-Oil

Poly(acrylamide)
Poly(N-isopropylacrylamide)
N,N’-dicyclohexylcarbodiimide
4-dimethylaminopyridine
Tetramethyl Rhodamine Isothiocyanate
Bovine Serum Albumin

Reversible Addition-Fragmentation Chain Transfer

Ring Opening Metathesis Polymerization
Nitroxide Mediated Polymerization
2-Hydroxy Ethyl Methacrylate
Poly(2-hydroxy ethyl methacrylate)

Large-scale Atomic/Molecular Massively Parallel Simulator

Dissipative Particle Dynamics
Mononuclear Phagocyte System

Injected Dose

Human Umbilical Vein Endothelial Cells
Bone Marrow Dendritic Cells

Ethylene Diamine Tetraacetate

Nuclear Magnetic Resonance

Gel Permeation Chromatography

High Performance Liquid Chromatography
Differential Scanning Calorimetry
Dimethylformamide

Tetrahydrofuran

Fourier Transform Infrared Spectroscopy
2-(2-Bromopropionyloxy) Ethyl Methacrylate
Differential Interference Contrast
Dynamic Light Scattering

Optical Microscopy

Atomic Force Microscopy

Thermal Gravimetric Analysis
p-nitrophenol
p-nitrophenyl-a-D-glucopyranoside
Pentamethyl Diethylene Tetraacetate
Energy Dispersive X-ray
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CD
ATR-FTIR
TEM

VA

SR
TMPTA
LPS
FESEM
GNPs

TCE

Circular Dichroism Spectroscopy

Attenuated Total Reflectance-Fourier Transform Infrared
Transmission Electron Microscope

Zeta Potential

Swelling Ratio

Trimethylopropane triacrylate

Linear Polystyrene

Field Emission Scanning Electron Microscopic

Gold Nanoparticles

Trichloroethylene
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