Table

\[o}
11
1.2
1.3
1.4
1.5

2.1
2.2
2.3
2.4
2.5
3A.1
3B.1
3B.2

3C.1
3C.2
3C.3

4.1
4.2
4.3
5.1
5.2
5.3
54
6.1
6.2

Table legend

Structures of a few commonly used diisocyanates in PU synthesis
Structures of a few commonly used macroglycols in PU synthesis
Structures of a few commonly used chain extenders in PU synthesis
Structures of a few commonly used catalysts in PU synthesis

Typical synthetic methods for graphene nanohybrid and their related
applications

Composition and structure of fatty acids of castor oil
Composition of the reactants

Physical and mechanical properties of HPU

Thermal properties of HPU

Changes of wt% of HPU in different chemical media

Time taken by different phytoextracts for reduction of GO
Mechanical properties of HPU and HPU/GO nanocomposite

Tm, crystallinity and shape memory behaviors of HPU and HPU/GO
nanocomposite

Mechanical properties of HPU/RGO and HPU/f-RGO nanocomposites
Thermal properties of HPU/RGO and HPU/f-RGO nanocomposites

Shape memory propertiess of HPU/RGO and HPU/f-RGO
nanocomposites

Mechanical properties of HPU/IO-RGO nanocomposite
Thermal properties of HPU/IO-RGO nanocomposite

Shape memory behaviors of HPU/I0-RGO nanocomposite
Mechanical properties of HPU/SRGO nanocomposite
Thermal properties of HPU/SRGO nanocomposite

Shape memory behaviors of HPU/SRGO nanocomposite
MIC against bacteria and fungus

Mechanical properties of HPU/TiO2-RGO nanocomposite
Shape memory behavior of HPU/TiO2-RGO nanocomposite

Xviii



Figure

\[o}
1.1

1.2
1.3

1.4
1.5
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10

211

3A.1

3A.2

3A.3

3A4

3A.5

3A.6

3A.7

LIST OF FIGURES

Figure legend

Representative structure of PU with soft and hard segment
Types of nanomaterials

The conventional methods commonly used for the synthesis of graphene
along with their key features

Different in situ growth approaches to prepare graphene based nanohybrids
Prospective applications of graphene based polymer nanocomposite
FTIR spectra of (a) CHPU and (b) MHPU

'H NMR spectra of (a) CHPU and (b) MHPU

13C NMR spectra of (a) CHPU and (b) MHPU

UV-visible spectra of (a) MHPU and (b) CHPU

XRD patterns of (a) CHPU and (b) MHPU

SEM micrographs of (a) CHPU and (b) MHPU

TGA thermograms of (a) CHPU and (b) MHPU

DSC curves of CHPU and MHPU

Stress-strain profiles of HPU

Variations of dielectric constant with frequency of CHPU and MHPU (inset
shows plot of dielectric constant against log frequency)

Variations of loss factor with frequency of CHPU and MHPU (inset shows
plot of loss factor against log frequency)

UV-visible spectra of (a) GO, (b) ORGO, (c) MRGO, (d) CRGO and (e)
CMRGO

FTIR spectra of (a) graphite, (b) CRGO, (c) GO, (d) MRGO, (e¢) ORGO and
(f) CMRGO

XRD patterns of (a) graphite, (b) GO, (c) CRGO, (d) MRGO, (¢) ORGO and
(f) CMRGO

Raman spectra of (a) GO and (b) CRGO

HRTEM images of (a) GO, (b) CRGO showing layer structure, (c) CMRGO
showing layer structure and (d) CMRGO showing the sheet like morphology
(Inset shows the corresponding SAED pattern)

TGA thermograms of (a) GO, (b) ORGO, (c) MRGO, (d) CRGO and (e)
CMRGO

I-V curves for (a) CRGO, (b) CMRGO, (c) ORGO, (d) MRGO and (e) GO

XiX



List of Figures

3A.8
3A.9

3A.10

3B.1

3B.2

3B.3

3B.4

3B.5

3B.6

3B.7

3C.1

3C.2

3C.3

3C4

3C5

3C.6

3C.7

3C.8
3C.9
3C.10

4.1

(i) Plots of (ahv)? vs hv for (a) GO, (b) ORGO, (c) MRGO and (d) CRGO

Variations of specific capacitance against potential for (a) ORGO, (b)
MRGO and (c) CRGO

Cyclic voltammograms of (a) C. esculenta aqueous extract, (b) C. esculenta
aqueous extract in the presence of Fe*" ions, GO at pH (c) 6.0 and (d) 3.2

FTIR spectra of (a) HPU/GOO0.5, (b) HPU/GOL1 and (c) HPU/GO2
XRD patterns of (a) HPU/GOO0.5, (b) HPU/GO1 and (c) HPU/GO2
HRTEM micrograph of HPU/GO1

(@) Stress-strain curves of (i) HPU/GOO0.5, (ii)) HPU/GO1 and (iii)
HPU/GO2, and (b) comparison between the fitting results from the Halpin—
Tsai model and the experimental data

DSC curves showing the (a) Tm (heating cycle) and (b) T4 (cooling cycle) of
(i) HPU/GO2, (ii) HPU/GO1 and (ii) HPU/GOO0.5

TGA thermograms of GO, HPU/GO0.5, HPU/GO1 and HPU/GO2 [TGA
thermogram of GO are used from sub-chapter 3A for better comparison]

(@) Shape memory behavior of HPU and HPU/GO nanocomposites, and (b)
possible molecular mechanism of shape memory behavior

Dispersion stability of f-RGO in different solvents after 2 months of storage

(@) FTIR spectra of (i) f-RGO, (ii) isocyanate-terminate RGO and (iii) RGO;
and (b) XRD patterns of f-RGO and RGO [FTIR spectrum and XRD pattern
of RGO are used from sub-chapter 3A for better comparison]

HRTEM image of (a) f-RGO and (b) SEAD patterns of f-RGO

FTIR spectra of (a) HPU/RGOO0.5, (b) HPU/f-RGOO0.5, (c) HPU/RGO2 and
(d) HPU/f-RGO2

(i) XRD patterns of (a) HPU/RGOO0.5, (b) HPU/f-RGO0.5, (c) HPU/RGO?2
and (d) HPU/f-RGO2; and (ii) HRTEM micrograph of HPU/f-RGO1

(a) Stress—strain profiles of (i) HPU/RGOO0.5, (ii)) HPU/RGOI1 and (iii)
HPU/RGO?2 (iv) HPU/f-RGOO0.5, (v) HPU/f-RGO1 and (vi) HPU/f-RGO2;
and (b) tensile stress, (c) tensile modulus, and (d) toughness of HPU/f-RGO
and HPU/RGO nanocomposites at different weight percentages of
nanomaterial

DSC curves of (a) HPU/f-RGOO0.5, (b) HPU/f-RGOL, (c) HPU/f-RGO2, (d)
HPU/RGOO0.5, (€) HPU/RGO1 and (f) HPU/RGO2

TGA thermograms of HPU/RGO and HPU/f-RGO nanocomposites
Electrical conductivity of HPU/RGO and HPU/f-RGO nanocomposites

Shape memory behavior of the HPU and HPU/RGO nanocomposite under
MW stimulus

XRD patterns of (a) 10 nanoparticles and (b) 10-RGO nanohybrid

XX



List of Figures

4.2

4.3

4.4

4.5
4.6

4.7

4.8

4.9

4.10

411
412

4.13

4.14

4.15

4.16

5.1

5.2

5.3

5.4

FTIR spectra of (a) GO and (b) I0-RGO nanohybrid [spectrum of GO is
used from sub-chapter 3A for better comparison]

Raman spectra of (a) GO and (b) 10-RGO nanohybrid [spectrum of GO is
used from sub-chapter 3A for better comparison]

TGA thermograms of (a) GO and (b) 10-RGO nanohybrid [spectrum of GO
is reproduced from sub-chapter 3A for better comparison]

HRTEM images of 10-RGO nanohybrid (a) at low and (b) at high resolution

Hysteresis loops of (a) 10 nanoparticles and (b) I0-RGO nanohybrid at room
temperature

FTIR spectra of (a) HPU/IO-RGO0.5, (b) HPU/IO-RGOL1 and (c) HPU/IO—
RGO2

XRD patterns of (a) HPU/IO-RGOO0.5, (b) HPU/IO-RGO1 and (c) HPU/IO—
RGO2

HRTEM images of HPU/IO-RGO2: (a) at low resolution showing RGO
layer and decorated 10 nanoparticle and (b) at high resolution showing an
individual 10 nanoparticle on a RGO sheet (inset shows SAED patterns)

DSC curve showing Tm of the soft segment of HPU/IO-RGO nanocomposite
TGA thermograms of HPU/IO-RGO nanocomposite

Shape memory behavior of HPU/IO-RGO nanocomposite under MW
stimulus

Digital images of (a) cracked nanocomposite film and (b) healed
nanocomposite film, and optical microscopic images of (c) cracked
nanocomposite film and (d) healed nanocomposite film, and digital images
of HPU (e) before and (f) after healing

The healing efficiency at MW power of (a) 180 W, (b) 360 W and (c) 540
W, and (d) under direct sunlight for different loadings of nanohybrid (i) 0%,
(ii) 0.5%, (iii) 1% and (iv) 2%

Plausible healing mechanism of HPU/IO-RGO nanocomposite

Healing efficiency of HPU/IO-RGO?2 for repeated cycles under MW (at 360
W) and sunlight stimuli

FTIR spectra of (a) GO and (b) SRGO nanohybrid [spectrum of GO is used
from sub-chapter 3A for better comparison]

Raman spectra of (a) GO and (b) SRGO nanohybrid [spectrum of GO is used
from sub-chapter 3A for better comparison]

XRD patterns of (a) GO, (b) sulfur nanoparticles and (¢) SRGO nanohybrid
[XRD pattern of GO is used from sub-chapter 3A for better comparison]

TGA (black lines) thermograms and DTG (red lines) curves of (a) GO and
(b) SRGO nanohybrid [thermogram of GO is used from sub-chapter 3A for
better comparison]

XXi



List of Figures

5.5

5.6
5.7
5.8

5.9
5.10
5.11

5.12

5.13

5.14

5.15

6.1
6.2
6.3

6.4

6.5

6.6

6.7
6.8

TEM images (a) at low magnification (scale bar = 200 nm) showing sulfur
nanoparticle distribution and inset shows semi crystalline SAED patterns of
SRGO nanohybrid and (b) at high magnification (scale bar = 10 nm)
showing the presence of the lattice planes and distance of lattice plane is 28
nm (shown by red line in the inset)

FTIR spectra of (a) HPU/SRGOO.5, (b) HPU/SRGOL1 and (c) HPU/SRGO2
XRD patterns of (a) HPU/SRGOO0.5, (b) HPU/SRGOL1 and (c) HPU/SRGO2

Stress—strain profiles of (a) HPU/SRGOO0.5, (b) HPU/SRGO1 and (c)
HPU/SRGO2

TGA thermograms of HPU/SRGO nanocomposite
DSC curves of HPU/SRGO nanocomposite

Shape-memory behaviors of HPU/SRGO nanocomposite under direct
sunlight

(@) Digital and optical microscopic photographs of cracked and healed
nanocomposite films; healing efficiency of the nanocomposite under (b)
sunlight and (c) MW (360 W); and (d) repeatable healing efficiency of the
nanocomposite under sunlight and MW

The healing efficiency of the nanocomposite at different MW power input of
(@) 180 W, (b) 360 W and (c) 540 W; and (d) representative stress—strain
curves of HPU/SRGO2 before cracked and after healing the cracked

MIC of nanocomposite against (a) C. albicans, (b) E. coli, (c) S. aureus; and
SEM images of E. coli cells adhered to (d) HPU, (¢) HPU/RGO2 and (f)
HPU/SRGO?2

Growth images of (a) S. aureus, (b) E. coli and (c) C. albicans in close
proximity of HPU and HPU/SRGO2

FTIR spectra of (a) GO-TiO2 and (b) T10RGO
Raman spectra of (a) GO and (b) T10RGO

XRD patterns of (a) TiO2 nanoparticles, (b) T1o0RGO, (c) TsRGO and (d)
T:RGO

TGA thermograms of the TiO2 nanoparticles, RGO and TiO>-RGO
nanohybrids

HRTEM images of the T:RGO nanohybrid (a) at low resolution showing the
presence of RGO and TiO2 nanoparticles and (b) at high resolution showing
crystal lattice fringes of TiO2 nanoparticles

DSC curves of (a) HPU/T1RGO1, (b) HPU/TsRGO1, (¢) HPU/T1,RGOL1, (d)
HPU/T10RGO5 and (e) HPU/T10RGO10

TGA thermograms of HPU/TiO2-RGO nanocomposite

Series of digital photographs showing the shape memory behavior of
HPU/TiO2-RGO nanocomposite under exposure to sunlight

xxii



List of Figures

6.9

6.10

(@) Healing efficiency of the nanocomposite under sunlight, (b) repeatable
healing efficiency of the nanocomposite, (c) digital and optical microscopic
photographs of cracked and healed nanocomposite films and (d)
representative stress—strain profiles of HPU/T1RGO2, before and after
healing with different repeating cycles

(@) Time-dependent UV absorption spectra of MB solutions during sunlight
irradiation, (b) degradation curves of the MB by the nanocomposite, ()
degradation kinetic curve fitting for the pseudo-first order model and (d) )
repeatable photocatalytic efficiency of (i) HPU/T1,0,RGO10, (ii)
HPU/T10RGOS5, (iii) HPU/TsRGO10 and (iv) HPU/TsRGO5

XXiil



Scheme Scheme legend
\[e}
1.1 Schemes for synthesis of PU and HPU
2.1 Preparation of HPU from castor oil and its monoglyceride

3A.1  Proposed reaction mechanism for the chemical reduction of GO by
phytoextracts

3A.2  Possible electron transfer reduction mechanism of GO using C. esculenta leaf
aqueous extract in presence of Fe3* ions

3C.1  Possible mechanism of high elongation and toughness of HPU/f-RGO
nanocomposite

4.1 Preparation of 10-RGO nanohybrid
4.2 Preparative protocol of HPU/IO-RGO nanocomposite

5.1 Plausible mechanism of simultaneous reduction of GO and formation of sulfur
nanoparticles

6.1 Proposed mechanism of MB degradation

XXiv





