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Abstract

The incorporation of small amount of nanoparticles in polymers results into phe-
nomenal improvement in material properties when at least one dimension of the
particles is smaller than the size of polymeric chains. The nano-scale of particles
ensures that large fraction of polymer segments is in contact with the particles to
bring out the synergistic interaction between the constituents leading to dramatic
enhancement in material properties. The dispersion of nanoparticles in polymer mat-
rix is achieved by inducing steric repulsion realized by grafting polymeric chains on
particles. The first part of the present study addresses the dispersion of clay nano-
sheets grafted with polymeric chains in a matrix of varying architecture. With the
help of self-consistent field theory, we construct the distance dependent inter-particle
interaction potential between a pair of nano-sheets grafted with polymeric chains dis-
similar to the matrix polymer with respect to either chain size, chain architecture
or chemical structure. Upon replacing linear polymeric chains of the matrix poly-
mer with multi-armed star polymer of same degree of polymerization, the strength
of attraction is found to be weakened and is completely eliminated for high degree of
branching. The compactness of star molecule overcomes the entropy driven depletion
between nano-sheets leading to wetting of brush with purely repulsive potential, an
indicative of exfoliated dispersion. Thus, the clay sheets can be better dispersed in a

star polymer compared to linear polymer matrix.

Beyond dispersion, the controlled self-assembly of nanoparticles in a polymer mat-
rix offers a great potential to produce highly ordered nanostructures with far superior
opto-electronic properties. The templated ordering of nanoparticles is increasingly
gaining attention to produce advanced nano-materials with wide ranging technological
applications. Block copolymers, by virtue of their fascinating ability to self-organize
to yield plethora of interesting ordered phases, provide ideal templates to achieve
particle ordering. Using self-consistent field theory, we examine the self-assembly
of polymer grafted spherical nanoparticles in lamellar mesophase of symmetric ABA
triblock copolymer. The localization behaviour of B-grafted nanoparticles is found to
be qualitatively different from that of the A-grafted particles. In particular, the ab-

sence of free ends and the bridge conformation of mid-block tend to reduce the spatial



segregation of B-grafted particles at the center of B-domain and promote segregation
of particles at the domain interface, a behavior in contrast to AB diblock copolymer.
The spatial localization of particles, governed by the interplay of enthalpic and en-
tropic contributions to the free energy, is found to be strongly influenced by particle

size, selectivity, volume fraction, and number & size of grafted chains.

Physical confinement of block copolymers plays an important role in generating
a rich variety of novel ordered phases not seen in bulk systems. These novel ordered
microstructures, arising mainly out of structural frustration and confinement-induced
entropy loss, are ideal templates to self-assemble nanoparticles. For a mixture of dib-
lock copolymer and grafted nanoparticles, the morphology under cylindrical pore con-
finement and ensuing particle ordering are studied in both two and three dimensions.
Various equilibrium morphologies are observed depending upon the degree of con-
finement, particle loading, density of grafted segments and selectivity of particle core
to the polymeric species. The curvature of the circular pore strongly influences the
localization behaviour of particles. Further, the physical confinement produces, apart
from concentric lamellar and cylindrical phases, some interesting 3-d structures like
helical ordering. Incorporation of spherical nanoparticles grafted with polymer chains
chemically identical to the helical block leads to helical ordering of nanoparticles. Such
chiral structural motifs generated from achiral polymeric molecules are fascinating due
to superior performance in sophisticated optical functions. The roles of confinement
size, particle load and grafting density in self-assembly behavior of nanoparticles and

ensuing microstructure are examined.

In order to generate novel multicomponent helical structures, block copolymers
with topologically complex architectures, like three-armed ABC star polymer and
four-armed ABCD star polymer are also investigated for their equilibrium states under
cylindrical nanopore confinement. ABCD star tetrablock copolymer exhibits rich self-
assembly behavior with myriads of three-dimensional ordered phases ranging from one,
two and three components helices to honeycomb structures depending upon the block
fractions and the size of cylindrical nanopore. The comprehensive understanding of
the self-assembly behavior enables one to design novel nanostructured materials with

desired material properties.

vi



OiferR & BIE T # A0 & A g o Hifde o1 § 3rdqd R gidl § oid Bl
&1 HH Y HH U AT GRS Yacrsii & BRI ST g1l & | HUN BT A-1-3hd T8 g
Il § [ 9gas Wl &1 97 5w g un o Ares i gfg & o ues! & it wgiorareieran
DI qER A & U SO & s o g1 Sgae Afcad T A0l &1 hag TR Jfdsyur &I
IR HIP a1 STt & SN fob Uil R UiciARes sRaenail &) Uit b UTa foedT S Gl g |
ITHT 37ETT T Ul fRTT SIe- e RIS & Dfea $1 UTferR sRaarsii & i AR s od &
AAIRMT & Bard B Jelfdd Bl ¢ | W-GOTd & RiGid 31 Ggridl 3 g1 95 49l J TS
At @) T SISt & Sy § G-k SfaR-Fur Yudh e &1 fAafo wRa € o fp Afeaw
5P q YT MR, YT IRgH T T I TR H e Bl 3| e sgass & s
TgAD YA DI TP B &I & TgABIHRUI & Jg-ULRA TR TgaD b 1Y T WR, HTHYT
DI Yfad HHSIR UTS ST § 3R o TR ! ATAIHRU] & forE I ae I TH g1 St g1 ©R
310] ) TR -2 F F Terd-=ferd S ) IR IR S 8, S g U & UfIbRe &
F Y T B T PR BT 3R A ST 8, S TRIBITES Thard &l Jobd &1 39 bR I Bl
TTe3 AP Tgaeh Afeaq BI a1 H Th TR Tgad H S8R 71 ¥ fas] o Tebell

thella A W, T Sgae ARa § Fiepoi & Fafyd @-okiveh, ghReR sigigdedite 1o
P Y I= A FIRCHRR BT IATG B Bl Ub ST &l UG BT g | A-Ih Ul BT hHTG
HH TTUH Y I qH-1! ST & 1Y IA A1-GHG! BT IdTeH ToIhd BTh! I | |
e HIUICTER, BT TRON B &I Bl U B B T MBS &HAT & ATYR T, HUT HH
T A & g 31eef e UeH Rd & | W-RATd &7 RIgid &1 IuaiT o3d g, 89 JHid
TSI CIE&AIh BIAIR & TTHER HHIUS # 9ga® WIS MATdR A-liched B W-Jggd Pt
Wi HRd &1 d1- IS AAH U BT R TagR T-ITUeS HUI ¥ oS =0 I iy gran
ST 81 faRiy &0 ¥, god RRY &1 Squfufa ok Ae-sdie & qa & faeuur §t-581 & $g o
F-TRS HUN & WD TG BT HH B g AR ST 3B IR HUI & TG B 9GIdl

vii



3d 8, S o Tell SRl SIUaR & [Auid IagR g1 Sl &1 RIS RIFISHR, ad SHolt
H RIS 3R TS AR & IRER fobdl gRT i, BT SIIER, TaATHG I, ST 3,
3R MRS aetaif & G 3R SMHR F TEdl I THII I STl 8|

(D DUTEY BT Wifas TRy Uid a1 ¥ 78] ¢4 9H aIdl 19 HHG ROI B Th
9 fafaear ter A & Ayl YftreT Fumar ] | T 0 @ WIS garRl iR uRRiy-oRa
Tt JHUH ¥ IUF 811 I T 7d SR AISHRERR, W-Udh A6 0N & forg seef e
¢ SEwi® BT 3R TS Bl & iy F oMY, JabR A9 gRRY 3R ST B
TGRT & dgd SHPTd [aTH BT 1&g & IR I sl & foan Sran g1 fafvs S siepfa
fagm, ufkeur ot fgult, wor afem, RS IHe & gv@ 3R UichiaRe yonfadt & &0 R &
TIATAGAT & YR TR W I1d ¢ | FAIBR 5% B achel HUN & RAFIHRU HFGER Bl 25l o
TuIfad Rl g1 TP SfaAmET, Hifdd HRIEAN, el AR MR JaIHR TRUI & HTTd], S
feeray 3-8t TREME oY U9ER HH IUF A1 ¢ | MATHR A-IbUl BT GHTAR Jgad JRaarsil
& AT IAAS U I UGR i &b THM BIdl &, Sl Heaa®ey AHIh 0l & UGeR HH B I
R 8| RS NATRSE il § ITF T FiRA WReTe® Uil & uRepd 3fifdewd Hraf
F IR UG B HRU 3MHYD BId ¢ AIBUN & W-JHg FaER IR TH AgHRERR o
RRIY SHR, HUTHR 3R MG Td Bt YfHw1afl St oiid $I el g |

9 9gfadhedld UaeR ARTISH &I I HRA o forg, Fifkufae! U § Sfed sifdcar ard
DITAR, O - TR TR Tg0® MR IR-IIRA TSl R §gad HI Ht e bR
IR IRRAY & ded TP T ard fa=Telt B} ST Bt ot 21 TR ¥R deTsdlh
DIUUHR Al 3R 3R SATBR AHIOR B HBR P YR W TP, &l 3R o g¢h giaad I
AR AYBHIR B W3 T b dH-SHATH Shidd fHT 7T RO & Y T W0-99g ATER
TR a1 ¢ W-Tg- TagR &I AUS TH difed S 0N & A1 74 "-RedeR AR &
fSSIe 3 & Wem SN g

viii



Contents

Certificate . . . . . . . . . i
Acknowledgements . . . . .. ... iii
Abstract . . . . . . 4
List of figures . . . . . . . . .. xiii
Nomenclature . . . . . . .. .. o Xix

1 Introduction 1
1.1 Polymer nanocomposites . . . . . . . . .. ..o 2
1.2 Block copolymers . . . . . .. ..o 3
1.3 Templated self-assembly of nanoparticles . . . . . . ... ... .... 5
1.4  Geometrical confinement . . . . . .. ... 7
1.5 Research objectives . . . . . . . ... ... oL 9
1.6 Thesis outline . . . . . . . .. .. 11

2 Self-consistent field theory 15
2.1 Theoretical framework . . . . . .. .. ... oL 18
2.1.1  Summary of formulation . . . . . ... ... 26

2.2 Numerical techniques . . . . . . . . . .. .. ... .. ... 28
2.2.1 Finite difference method . . . . . .. ... ... ... 29

2.2.2  Pseudo-spectral method . . . . ... ... ... ... ... 31

2.3 Limitations of self-consistent field theory . . . . . ... .. ... ... 33

3 Interaction potential between polymer grafted nanosheets in an

architecturally dissimilar polymer matrix 35

3.1 Introduction . . . . . . . . . 36

ix



Contents

3.2 Problem formulation . . . . .. ... ... ... L
3.2.1 Linear chains - free and grafted . . . . . .. .. ... ... ..
3.2.2  Star polymer matrix . . . . .. ... ..o
3.2.3 Star polymer as grafted chain . . . . .. ... ... ... ...

3.3 Results and discussion . . . . . ... oo
3.3.1 Dissimilar chain sizes . . . . . .. ... ...
3.3.2 Dissimilar grafted chains . . . . . .. ... ... ... ...
3.3.3 Star polymer matrix . . . . ... .. ... L.
3.3.4 Star polymer as grafted chain . . . . ... ... ...
3.3.5 Star polymers as grafted as well as free polymer chains . . . .
3.3.6 Role of chain architecture on interaction potential - a summary

3.4 Conclusion . . . . . . ..

Self-assembly of polymer grafted nanoparticles in lamellar ordered

mesophase of symmetric triblock copolymer

4.1 Introduction . . . . . . . ...

4.2 Theory and methodology . . . . . . . .. .. ... ... ... ...

4.3 Results and discussion . . . . ... ... oL

4.3.1 Localization behavior of A-grafted vs B-grafted nanoparticles .

4.3.2 Role of various parameters in self-assembly of B-grafted particles

4.4 Conclusion . . . . . . .

Diblock copolymer templated self-assembly of functionalized nan-

oparticles under circular pore confinement

5.1 Introduction . . . . . . .. ...

5.2  Theoretical formulation . . . . . . . ... ..o

5.3 Results and discussion . . . . . .. ...
5.3.1 Symmetric composition diblock copolymer . . . . . . . . . ..
5.3.2  Asymmetric composition diblock copolymer . . . . .. .. ..

5.4 Conclusion . . . . . . . .

69

70
74
78
79
83
90

93



Contents xi
6 Self-organization of multi-arm star block copolymers driven by

geometrical confinement 119
6.1 Introduction . . . . . . . .. . . 120
6.2 Theoretical formulation . . . . . . ... ... o000 124
6.2.1 AB diblock copolymers . . . . . . ... 125

6.2.2 ABC star triblock copolymer . . . . . .. ... ... ... .. 128

6.2.3 ABCD star tetrablock copolymer . . . . ... ... ... ... 131

6.3 Results and discussion . . . . . .. ..o 0oL 135
6.3.1 AB diblock copolymers within cylindrical nanopore . . . . . . 135

6.3.2 ABC star triblock copolymers within cylindrical nanopore 138

6.3.3 ABCD star tetrablock copolymers within cylindrical nanopore 143

6.3.4 ABCD star tetrablock copolymers within spherical confinement 162

6.4 Conclusion . . . . . . . .

7 Confinement-induced ordering of grafted nanoparticles aided by

diblock copolymers

7.1 Introduction . . . . . . . . .
7.2 Theoretical formulation . . . . . . . . ...
7.3 Results and discussion . . . . . . . . ..

7.4 Conclusion . . . . . . .

8 Conclusion and future scope

Bibliography

Thesis based publications

Author resume

168

171

172
175
181
194

195

201

219

223



List of Figures

1.1

2.1

2.2

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

The phase diagram of diblock copolymer melt system: Equilibrium

ordered morphologies . . . . . . .. ... ..

A schematic of the mean-field approximation: Ensemble of polymer

chains is averaged to a fictitious potential field . . . . . . . . . . . ..
Space curve representation of a AB diblock copolymer chain depicting
the position of s monomer. . . . . . . ... ... ...
Schematic diagram of brush-coated clay nanosheets dispersed in a mat-

rix of linear polymer. . . . . . . . ... ..o

Schematic diagrams of (a) nanosheets grafted with linear chains; and

(b) nanosheets grafted with star polymers . . . . .. ... ... ...

Interparticle potential curve as a function of separation distance: Effect

polymer chain size . . . . . . . . ... L

Composition profiles of the grafted and free polymeric chains, as a

function of distance . . . . . . . . ..

Effect of grafting density, o, on the interaction potential between two

nanosheets . . . . . . L,

Effect of the scaled size of nanosheets, L/ Ngl/ ?_on the interaction po-

tential curve . . . . L.

Effect of the size dissimilarity of free and grafted chains on strength of

attraction . . . . . . L

Interaction potential curve for chemically non-identical free and grafted

chains . . . . . . s

17

19

41

44

47

48

49

20

o1

52



Xiv List of Figures

3.9 Effect of number of arms in a star polymer on the interaction potential
between nanosheets . . . . . .. ... Lo Lo 54

3.10 Composition profile for the free polymer (star) chains as a function of
distance . . . . ... 55

3.11 Strength of attractive interaction between nanosheets as a function of
number of arms in the free star molecules . . . . . . . . .. ... ... 56

3.12 Interaction potential curve for a pair of nanosheets grafted with linear
polymers immersed in a chemically non-identical star polymer matrix 57

3.13 Nanosheets grafted with star polymers (V) dispersed in a linear poly-
mer (Ny) matrix: Effect of number of arms, v, . . . . . ... ... .. 58

3.14 Nanosheets grafted with star polymers (N,) dispersed in a linear poly-
mer (Ny) matrix: Effect of size of the grafted arm, Ny . . . . . . . .. 59

3.15 Nanosheets grafted with star polymers (IV,) dispersed in a linear poly-
mer (Ny) matrix: Varying size of the dangling arms, N, . . . . . . . . 60

3.16 Nanosheets grafted with star polymers (N,) dispersed in a linear poly-
mer (Ny) matrix: Effect of number of arms, v, . . . . . . .. ... .. 61

3.17 Free and grafted polymers in star architecture: Effect of number of
arms in free star polymer, vy . . . . . . ... 62

3.18 Free and grafted polymers in star architecture: Interaction potential
as a function of separation between the nanosheets . . . . . .. . .. 63

3.19 Demarcation of attractive and purely repulsive natures of interaction
potential curve for different architectures . . . . . . .. ... ... .. 65

3.20 Strength of attraction between two nanosheets plotted as absolute of
minimum interaction energy per unit length of nanosheets . . . . . . 66
4.1 Composition profiles of all species, ¢;(x) . . . . . .. ... ... ... 79

4.2 Local particle concentration profiles ¢p(x) in direction normal to lamel-
lae, plotted for different particle sizes . . . . . . . ... ... ... .. 81

4.3 Local particle concentration profiles ¢p(x) in direction normal to lamel-
lae for B-grafted particles, for different particle sizes . . . . . . . . .. 82



List of Figures XV

4.4  FEffect of grafting density: Local density profiles of particles, ¢pp(x), in
direction normal to lamellae . . . . . . . ... .. ... ... 83

4.5 Effect of grafted chain size: Local composition profiles of all species,
¢i(x), in direction normal to lamellae . . . . . ... ... ... 85

4.6 Effect of particle selectivity: Local density profiles of particles, ¢p(z),
in direction normal to lamellae . . . . . . . . . . .. ... .. ... .. 86

4.7 Effect of particle loading: Local density profiles of particles, ¢p(x), in
direction normal to lamellae . . . . . . . . ... ... ... ... .. 87

4.8 Effect of particle loading: Local density profiles of particles, ¢p(zx), in
direction normal to lamellae . . . . . . .. ... ... 88

4.9 Phase diagram in « — o space illustrating the regimes of different loc-
alization behaviors for the B-grafted particles . . . . . .. .. .. .. 89

5.1 Schematic: A mixture of grafted particles and block copolymers con-
fined in a two-dimensional circular nanopore . . . . . . . ... .. .. 98

5.2  Composition distribution of monomers, A & B, and particle core P
within the circular pore . . . . . . . . . ... oL 105

5.3 Schematic depicting the role of curvature of A-block lamella in interface
localization of A-grafted particles . . . . . . . . ... ... ... ... 106

5.4 Effect of grafted chain size, 5: Concentration profiles for all species
along x-direction inside the periodic box . . . . . ... .. ... ... 107

5.5 Effect of number of grafted chains, o: Concentration profiles for all
species along x-direction . . . . . . ... 109

5.6 Effect of particle size, a: Concentration profiles for all species along
x-direction inside the periodicbox . . . . . . .. ... ... 110

5.7 Concentration profiles for all species along x-direction inside the peri-
odic box . . . . .. 111

5.8 Effect of selectivity of particle core, e: Concentration profiles for all
species along z-direction . . . . . . ... ... L. 112



xXvi List of Figures

5.9 Effect of selectivity of the wall of cylindrical nanopore for polymeric
blocks Aand B . . . .. ... o 113

5.10 Effect of particle loading, ¢gp: Equilibrium morphology in terms of
composition distribution of monomers . . . . . . . ... ... ... .. 114

5.11 Effect of number of grafted chains, o: Equilibrium morphology in terms
of density distribution of monomers . . . . . . . ... ... L. 115

5.12 Effect of grafted chain size, 8: Equilibrium morphology in terms of
density distribution of monomers . . . . .. .. ..o 115

5.13 Effect of pore radius, R at different particle loading, ¢gp: Equilibrium
morphology in terms of composition distribution of monomers 117

6.1 Pictorial representation of AB diblock, ABC star triblock and ABCD
star tetrablock copolymers. . . . . . ... ..o oo 125

6.2 Schematic: A melt of AB diblock copolymers confined in a cylindrical
NANOPOTE .« « v v e v e et e e e e e e e e 125

6.3 Schematic: A melt of ABC star triblock copolymers confined in a cyl-
indrical nanopore . . . . . . ... L 128

6.4 Schematic: A melt of ABCD star tetrablock copolymers confined in a
cylindrical nanopore . . . . . . . ... 131

6.5 Density isosurface plots of microstructures formed by the self-assembly
of asymmetric AB diblock copolymers . . . . . . . .. ... ... ... 136

6.6 Density isosurface plots of the microstructures generated by the self-
assembly of ABC star triblock copolymers . . . . . . ... ... ... 138

6.7 Density isosurface plots of the microstructures formed by the self-
assembly of ABC star triblock copolymers . . . . . . ... ... ... 139

6.8 Effect of pore radius, R: Density isosurface plots of the microstructures
formed by the self-assembly of ABC star triblock copolymers . . . . . 141

6.9 Microstructure emerged from the self-assembly of ABC star copolymer
with block fractions f4 = 0.78, fg =0.11 and fo=0.11. . . . . . .. 142



List of Figures xvii

6.11

6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

Two component single-helix phase: : Equilibrium microstructures formed
by the self assembly of ABCD star block copolymers . . . . ... .. 145

Three component single-helix phase: Equilibrium microstructures formed
by the self assembly of ABCD star block copolymers . . . . . .. .. 146

Three component double-helix phase: Equilibrium microstructures formed
by the self assembly of ABCD star block copolymers . . . . ... .. 148

Ring morphology: Equilibrium microstructures formed by the self as-
sembly of ABCD star block copolymers . . . . . ... ... ... ... 149

Honey comb microstructure: Equilibrium microstructures formed by

the self assembly of symmetric ABCD star block copolymers . . . . . 150

Honey comb microstructure: Effect of pore radius. Equilibrium ordered

microstructures . . . . . . L 152

Honeycomb microstructure: Effect of pore radius on equilibrium ordered

microstructures . . . . . ... 153

Effect of pore radius: Equilibrium ordered microstructures formed by
the self assembly of ABCD star block copolymers . . . . . ... ... 155

Effect of pore radius: Equilibrium ordered microstructures . . . . . . 156

Effect of pore radius: Equilibrium ordered microstructures formed by
the self assembly of ABCD star block copolymers . . . . . ... ... 157

Self-assembly of ABCD star tetrablock copolymers confined in a cyl-

indrical nanopore of radius R=3 . . . . . . ... ... ... ..... 158

Self-assembly of ABCD star tetrablock copolymers confined in a cyl-

indrical nanopore of radius R=3.5 . . . .. ... ... ... ... .. 159

Self-assembly of ABCD star tetrablock copolymers confined in a cyl-

indrical nanopore of radius R=4 . . . . .. ... ... ... ..... 160

Phase diagram illustrating the regimes of various nanostructures formed

by the self-assembly confined ABCD star tetrablock copolymers . . . 161

Spherical honeycomb microstructure: Equilibrium microstructures formed

by the self assembly of symmetric ABCD star block copolymers . . . 162



xviii List of Figures
6.26 Spherical honeycomb microstructure: Equilibrium microstructures . . 163
6.28 Spherical ring morphology: Equilibrium microstructures obtained with

the self assembly of asymmetric ABCD star block copolymers . . . . 165
6.29 Spherical double-helix phase: Equilibrium microstructure obtained with

the self assembly of asymmetric ABCD star block copolymers . . . . 166
6.30 Equilibrium microstructures formed by the self assembly of asymmetric

ABCD star block copolymers, R=5 . . .. .. ... ... ...... 167
6.31 Equilibrium microstructures formed by the self assembly of asymmetric

ABCD star block copolymers, R=6 . . ... ... ... ....... 168
7.1 Schematic: Cylindrically confined a mixture of grafted nanoparticles

and AB diblock copolymer chains . . . . .. ... ... ... 176



Nomenclature

Symbol  Definition

b Kuhn monomer size

fi Volume fraction of i*" block of a block copolymer chain

h Planck’s constant

kg Boltzmann constant

n Total number of polymeric chains in the system

ny Number of free polymer chains

Ng Number of grafted polymer chains

i Forward chain propagator of species 1

q' Backward chain propagator of species 7

S Parameter indexing the segments along the chain contour
Uag Dimensionless pair potential between polymeric segments o and 3
Vo Monomer volume

D Distance between two clay nanosheets

F Helmholtz free energy of the system

H Surface potential field due to confinement

L Length of clay nanosheet or length of nanopore

N Degree of polymerization of a polymer chain

N, Degree of polymerization of a dangling arm in grafted star molecule
Ny Degree of polymerization of a free polymer chain

N, Degree of polymerization of a grafted polymer chain

Ny Degree of polymerization of a grafted star molecule

Q Single chain partition function

R Radius of circular confinement

R, Radius of gyration of matrix polymer chain

R, Radius of spherical nanoparticle

Xix



XX Nomenclature

T Temperature of the system

V Volume of the periodic box

Vo Volume occupied by the polymer

%% Width of clay nanosheet

Uy Elastic potential energy of a Gaussian chain

Uy Interaction potential energy of a Gaussian chain
Z Partition function for canonical ensemble

Greek Symbols

Symbol  Definition

« Ratio of the volume of particle core to volume of the copolymer chain
B Size ratio of the grafted and block copolymer chain in matrix
Xij Flory’s pair interaction parameter between species ¢ and j

€ Selectivity of particle core to the polymeric species

Vf Number of arms in a free star molecules

Vg Number of arms in a grafted star molecules

K Cut-off distance for interaction with confining wall

A Domain periodicity of ordered phase in bulk

w; Potential field experienced by species i

O; Local volume fraction of species ¢

b; Average volume fraction of species 7

Po Number density of a Kuhn monomer (py = 1/wvp)

Di Density field of species @

Di Microscopic number density field of species @

o Measure of grafting density

T Characteristic decay length for interaction potential with wall
¢ Incompressibility (pressure) field



	Supriya Gupta.pdf
	Certificate
	Acknowledgements
	Abstract
	List of figures
	Nomenclature
	Introduction
	Polymer nanocomposites
	Block copolymers
	Templated self-assembly of nanoparticles
	Geometrical confinement
	Research objectives
	Thesis outline

	Self-consistent field theory
	Theoretical framework
	Summary of formulation

	Numerical techniques
	Finite difference method
	Pseudo-spectral method

	Limitations of self-consistent field theory

	Interaction potential between polymer grafted nanosheets in an architecturally dissimilar polymer matrix
	Introduction
	Problem formulation
	Linear chains - free and grafted
	Star polymer matrix
	Star polymer as grafted chain

	Results and discussion
	Dissimilar chain sizes
	Dissimilar grafted chains
	Star polymer matrix
	Star polymer as grafted chain
	Star polymers as grafted as well as free polymer chains
	Role of chain architecture on interaction potential - a summary

	Conclusion

	Self-assembly of polymer grafted nanoparticles in lamellar ordered mesophase of symmetric triblock copolymer
	Introduction
	Theory and methodology
	Results and discussion
	Localization behavior of A-grafted vs B-grafted nanoparticles
	Role of various parameters in self-assembly of B-grafted particles

	Conclusion

	Diblock copolymer templated self-assembly of functionalized nanoparticles under circular pore confinement
	Introduction
	Theoretical formulation
	Results and discussion
	Symmetric composition diblock copolymer
	Asymmetric composition diblock copolymer

	Conclusion

	Self-organization of multi-arm star block copolymers driven by geometrical confinement
	Introduction
	Theoretical formulation
	AB diblock copolymers
	ABC star triblock copolymer
	ABCD star tetrablock copolymer

	Results and discussion
	AB diblock copolymers within cylindrical nanopore
	ABC star triblock copolymers within cylindrical nanopore
	ABCD star tetrablock copolymers within cylindrical nanopore
	ABCD star tetrablock copolymers within spherical confinement

	Conclusion

	Confinement-induced ordering of grafted nanoparticles aided by diblock copolymers
	Introduction
	Theoretical formulation
	Results and discussion
	Conclusion

	Conclusion and future scope
	Bibliography
	Thesis based publications
	Author resume




