
Organic-inorganic nanohybrids have excellent properties due to a 
combination of the properties of organic and inorganic materials in 
a single material. These technical advantages of organic-inorganic 
nanohybrids are useful for applying the materials in diverse 
fields. Moreover the growth of nanotechnology over the past few 
decades has also increased the advantages and uses of organic-
inorganic nanohybrids with huge financial support for wider 
nanotechnological approaches. In particular, organic-inorganic 
nanohybrid materials are used in various energy, environmental, 
and biomedical applications.
 Currently, organic-inorganic nanohybrids are used to develop 
many commercial products. Moreover, organic-inorganic 
nanohybrids are used in the synthesis and fabrication of 
materials with varying surface properties, such as hydrophilic, 
hydrophobic, superhydrophobic, ominiphobic, amphiphobic, and 
superamphiphobic coatings. On the basis of their surface properties 
and nature, these mateirals are used in a wide variety of applications, 
such as oil sorption and separation; photocatalysis; corrosion and 
scratch resistance; anti-icing, antifouling, antireflection coatings; 
sensors; biomedical applications and drug delivery; organic dyes; 
and metal ion adsorption.
 This book especially covers the synthesis, fabrication, and 
applications of hydrophobic and superhydrophobic organic-
inorganic nanohybrids. Because of their partial and complete water-
repellent properties, hydrophobic and superhydrophobic organic-
inorganic nanohybrids used for the development of hydrophobic 
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and superhydrophobic coatings can be applied easily to various 
substrates to improve the surface properties of the coated substrates.
 This book will be useful for readers in interdisciplinary areas of 
research.
 The present and future needs of the synthesis, fabrication, 
and applications of organic-inorganic nanohybrids are to develop 
environmentally friendly and solvent-free materials. Currently, some 
innovative studies have been carried for the development of solvent-
free and environmentally friendly organic-inorganic nanohybrids 
with hydrophobic and superhydrophobic properties.
 Environmentally friendly, solvent-free organic-inorganic 
nanohybrid coating materials are expected to be a major focus in the 
future to reduce the production costs and consumption of organic 
solvents and be used on any substrate.
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(TMTVSi), 79–80
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2-EHA, see 2-ethylhexyl acrylate
2-ethylhexyl acrylate (2-EHA), 31
3-chlorophenol, 27
3-glycidoxypropyl 

trimethoxysilane (GPTMS), 
28, 110

3,5-dichlorophenol, 27
3-(triethoxysilyl) propyl succinic 

anhydride (TESPSA), 113
3-(trimethoxysilyl)propyl 

methacrylate (TMSPMA), 26, 
32, 45

4,4’-diamino-2,2’-diiodobiphenyl 
(DAIB), 40

4-nonylphenol, 26, 27

abrasion, 71
abrasion cycles, 79, 85, 104
abrasive resistance, 71
absorption, 138–39, 141–42, 155
adhesion, 9, 67, 71, 120, 150
adhesive, 5, 10
adsorption, 22, 43, 49, 66, 118, 157
aerogel, 28–29, 63–64, 140–41
aerospace, 2, 147
agglomeration, 28, 115
aggregation, 31, 34, 50, 72, 94
AIBN, see azoisobutyronitrile
Ailanthus altissima, 117
allyltrimethoxysilane (ATMS), 31
aluminum nitrate nonahydrate, 34
aluminum substrate, 65–66, 84, 

144–46
 cleaned, 145–46
 fabricated, 145
 organic-inorganic hybrid, 144
aminopropyltriethoxysilane, 104
ammonium persulfate, 108
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ammonium polyphosphate (APP), 
79, 104

antibacterial, 12, 45, 77, 157
anticorrosion, 12, 71, 109, 111, 

137, 143–46
antifogging, 12
antifouling, 5, 150, 152–53, 165
antifouling coatings, 150
anti-icing, 61, 77, 98, 137, 147–50, 

165
antireflection, 95, 155
antistaining, 72–73, 99
APP, see ammonium polyphosphate 
aryl diazonium salts, 89
ATMS, see allyltrimethoxysilane
azoisobutyronitrile (AIBN), 7, 31, 

78, 85, 87

BA, see butyl acrylate
base catalyst, 23, 28, 39, 96–97
beetle shells, 12
benzoin ethyl ether, 78
benzophenone, 78
benzyl alcohol, 110
bioactive molecules, 6
biodegradable polymer, 51
biofouling, 153
biomedical, 2, 5, 51, 61, 151, 165
bisphenol-A, 114
bis(triethoxysilyl) ethane (BTESE), 

7, 27–28, 65
block copolymer, 42–43
BNP, see tert-butyl 

peroxyneodecanoate 
bPEI, see branched 

poly(ethylenimine)
branched poly(ethylenimine) 

(bPEI), 79, 104
BTESE, see bis(triethoxysilyl) 

ethane
BTME, see 1,2-bis(trimethoxysilyl)

ethane
BTMH, see 1,6-bis(trimethoxysilyl)

hexane

BTMM, see 1,1-bis(trimethoxysilyl) 
methane

BTMP, see 1,3-bis(trimethoxysilyl) 
propane

butterfly wings, 12
butyl acrylate (BA), 32, 39, 84
butyl alcohol, 26
tert-butyl peroxyneodecanoate 

(BNP), 39

CA, see contact angle
CAH, see contact angle hysteresis
calcium carbonate, 38
calcium chloride, 140
Camellia japonica, 117
candle-soot, 109
carbodiimide-modified 

diphenylmethane diisocyanate 
(MMDI), 100

Cassie-Baxter, 11
catalysis, 2, 5–6
catalysts, 5, 23, 27, 37, 64, 69, 105, 

109–10
 acid-base, 95
 aqueous HCl, 25
 phase transfer, 32
 vinyl-terminated 

polydimethylsiloxane, 36
catalytic activity, 65
cell adhesion, 12, 122
cellulose, 9, 39, 52, 140
cellulose acetate, 121
cellulose aerogel, 63–64
cellulose fiber, 39, 63, 103
cellulose gel, 63
cellulose pulp, 103
cellulose triacetate (CTA), 52
ceramic, 105, 132
cetyltrimethyl ammonium bromide 

(CTAB), 7, 27, 28, 87
cetyltrimethyl ammonium chloride 

(CTAC), 7
chemical bath, 33
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chemical bonds
 strong, 1
 weak, 1
chemical etching, 28, 41, 124, 144
chromium(III) chloride 

hexahydrate, 111
cicada wings, 12
citric acid, 102
click chemistry, 78–81
cobaltous(II) sulfate heptahydrate, 

111
co-condensation, 6
colloidal assemblies, 41
colloidal latex, 32
concrete, 10 
condensation, 3, 5, 23, 25, 27, 32, 

39, 73, 95–99, 109, 121, 144, 
149

contact angle (CA), 8–11, 25, 32, 
39, 85, 89, 91–92, 98, 108, 112, 
114, 116, 122, 141, 144–46

 dynamic, 10, 42
 static, 10
contact angle hysteresis (CAH), 10, 

80, 99
contact lenses, 5
controlled drug delivery, 12
copolymerization, 39
copper(II) sulfate pentahydrate, 

102
copper chloride, 93
copper nanowall arrays, 45
copper substrate, 89, 93, 107, 114, 

146
coprecipitation, 33
core–shell, 32, 84, 141
corrosion, 68–71, 143–45, 165
corrosion behavior, 69, 143–44, 

146
corrosion inhibition, 143, 145
corrosion inhibitors, 69, 145
corrosion protection, 69, 144
corrosion resistance, 61, 68–70, 

95, 107, 129, 143–46, 159

cotton fabrics, 79, 84, 99, 104, 112
 flame-retardant, 79
 organic-superhydrophobic, 104
 precleaned, 79
counter electrode, 69
coupling agent, 26, 83, 104, 120
covalent bonding, 37
covalent interaction, 95
crosslinkers, 36, 88
crosslinking, 7, 69
crosslinking agent, 140
crylate latex, 32
crystalline, 6, 29, 49
CTA, see cellulose triacetate
CTAB, see cetyltrimethyl 

ammonium bromide
CTAC, see cetyltrimethyl 

ammonium chloride
cupric acetate, 84, 111
cupric oxide, 114
curing, 29, 46, 109, 142–43
 room-temperature, 115
 strong thermal, 113
current density, 108, 143–46
cyclodextrin, 32, 34
cyclohexane, 9, 26
cyclohexanecarboxylic acid, 121
cyclohexene, 28, 65

DA, see dopamine
DAFB, see 2,4-diamino-1-

fluorobenzene
DAIB, see 4,4’-diamino-2,2’-

diiodobiphenyl
DBTDL, see dibutyltin dilaurate
DC, see direct current
DCA, see dynamic contact angle
DCC, see dicyclohexylcarbodiimide
decanethiol (DTH), 88
degradation, 68–69, 98, 155–56
 catalytic, 61
deionized water, 24, 28, 33–34, 39, 

49, 53, 88, 92, 98, 102–4, 123, 
143, 146
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desalination, 24
DETA, see diethylenetriamine
DFMA, see dodecafluoroheptyl 

methacrylate
di-(3,5,5-trimethyl hexanoyl) 

peroxide (TMHP), 39
dibutyltin dilaurate (DBTDL), 39, 

110
dichloromethane, 93
dicyclohexylcarbodiimide (DCC), 

37
diethylenetriamine (DETA), 73
dimethylformamide (DMF), 53, 

97, 120
dip coating, 22, 27, 44–46, 84, 95, 

109, 118
dipentaerythritol pentaacrylate, 79
direct current (DC), 144
dispersion, 47–48, 88, 92, 110, 

114–15, 118, 120
 homogeneous, 140
 homogenized, 120
 hybrid, 41–42, 72
dispersion polymerization, 87
divinylbenzene (DVB), 85
DMF, see dimethylformamide
DMPA, see 2,2-dimethoxy-2-

phenylacetophenone
dodecafluoroheptyl methacrylate 

(DFMA), 84
dodecanoic acid, 84
dodecyltrichlorosilane, 111
dodecyltrimethoxysilane, 26
dopamine (DA), 88, 153
Dowfax 2A1, 31
drop casting, 115, 117–19, 141
drug delivery, 5, 12, 51, 165
drying, supercritical, 28, 63
DSSC, see dye-sensitized solar cell
DTH, see decanethiol
duck feather, 12
DVB, see divinylbenzene
dye adsorption, 5
dye-sensitized solar cell (DSSC), 50

dynamic contact angle (DCA), 10, 
42, 116

EIS, see electrochemical impedance 
spectroscopy

elastomer, 5
electrical conductivity, 157
electrical force, 51
electrical heating elements, 147
electrochemical cell, 106, 143
electrochemical deposition, 93, 

106–9, 144
electrochemical impedance 

spectroscopy (EIS), 69, 144
electrochemical workstation, 143, 

146
electrodeposition, 108, 145
electronics, 2, 12
electron scavenger, 156
electrospinning, 22, 41, 51, 53, 

119–20
emulsion, 22, 26, 35, 84–85, 87
 oil-in-water, 52
 oil-water, 51
 organic-inorganic hybrid, 84
 stable, 53
 water-in-oil, 62
emulsion polymerization, 32, 

81–82, 84–85
 core-shell, 84
 multistage, 32
 radical-initiated, 90
emulsion synthesis, 22, 31, 33, 78, 

81–84, 86
energy, 2, 5–6, 65, 91, 100, 147, 

165
environment, 2
 marine, 153
environmental conditions, 31, 48, 

77
environmental pollutant, 66
environmental pollution, 61
enzyme, 65
erosion, 68
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etching, 26, 124, 146
 chemical, 41, 124, 144
ethyltrimethoxysilane (ETMS), 

28, 87
ETMS, see ethyltrimethoxysilane

FAS, see fluoroalkylsilane
FAS-17a, see (heptadecafluoro-

1,1,2,2-tetradecyl) 
trimethoxysilane

FAS-17b, see 1H,1H,2H,2H-
perfluorodecyltriethoxysilane

FAS-17c, see (heptadecafluoro-
1,1,2,2-tetrahydrodecyl) 
trimethoxysilane

FAS-X, see 1H,1H,2H,2H-
perfluoroalkyltriethoxysilane

FDTS, see 
perfluorodecyltrichlorosilane

FEVE, 47, 66
ferric chloride hexahydrate, 36
fibrous membranes, 24
filter paper, 84, 104
filtration, 62
fire-retardant, 64
flame-retardant, 79, 102–4
fluorescein-doped silica 

nanoparticle (FSNP), 43–44
fluorinated-polyacrylate (FPA), 84
fluorinated polyhedral oligomeric 

silsesquioxane (F-POSS), 
39–40, 79, 104

fluorinated polyimide, 40
fluorinated polysiloxane-silica 

hybrid (FSH), 42
fluorine-doped tin oxide (FTO), 49
fluoroalkylsilane (FAS), 109, 144
fluoroethylene vinyl ether (FEVE), 

47, 66
fluoropolymer, 124
fluoro-surface-grafted 

polymethylsiloxane (FPMS), 
36–37

FOS, see (heptadecafluoro-
1,1,2,2-tetrahydrodecyl) 
triethoxysilane

FPA, see fluorinated-polyacrylate
FPMS, see fluoro-surface-grafted 

polymethylsiloxane
F-POSS, see fluorinated polyhedral 

oligomeric silsesquioxane
FSH, see fluorinated polysiloxane-

silica hybrid
FSNP, see fluorescein-doped silica 

nanoparticle
FTO, see fluorine-doped tin oxide
fuel cells, 2, 51
functional groups, 5, 11, 21, 23–25, 

27, 29–30, 32, 36–38, 47, 90
 active, 11
 organic, 116

γ-radiation, 89
Gantrez copolymer, 93
GDEP, see glow discharge 

electrolysis plasma
gecko feet, 12
glass substrate, 24, 27–28, 31–33, 

41–42, 44–45, 80–83, 85–87, 
89, 92–93, 95, 98–99, 109–11, 
113–14, 117–19, 141

glow discharge electrolysis plasma 
(GDEP), 124

GPTMS, see 3-glycidoxypropyl 
trimethoxysilane

graft polymerization, 89
guest, 5, 35

H2O2, see hydrogen peroxide
HCl, see hydrochloric acid
HD, see hexadecane
HDFTHD, see (heptadecafluoro-

1,1,2,2,-tetrahydrodecyl)
dimethylchlorosilane
HDMS, see 1,1,1,3,3,3-hexamethyl-

disilazane
HEA, see hydroxyethyl acrylate
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heat treatment, 114
heat resistance, 111
(heptadecafluoro-1,1,2,2-

tetradecyl) trimethoxysilane 
(FAS-17a), 85–86, 89 
(heptadecafluoro-1,1,2,2,-
tetrahydrodecyl)

dimethylchlorosilane (HDFTHD), 
113

(heptadecafluoro-1,1,2,2-
tetrahydrodecyl) 
triethoxysilane (FOS), 24, 83

(heptadecafluoro-1,1,2,2-
tetrahydrodecyl) 
trimethoxysilane (FAS-17c), 98

heptadecafluorodecyl 
trimethoxysilane (HTMS), 94

heterogeneous, 1, 9, 11, 41
hexadecane (HD), 81, 83, 85
hexafluoroisopropylidene, 40
hexamethyldisilazane (HMDS), 89, 

95, 97
hexamethylenetetramine, 33
HF, see hydrofluoric acid
HFBMA, see 

2,2,3,4,4,4-hexafluorobutyl 
methacrylate

hierarchical, 41, 45, 47, 87, 91–92, 
101, 115, 121–22, 144, 146, 
155

hierarchical surface morphology, 
11, 39, 42, 45, 82, 84, 87, 93, 
96, 102, 114–15

high-resolution scanning electron 
microscopy (HRSEM), 42

HMDS, see hexamethyldisilazane
hollow fibrous membranes, 24
hollow silica nanospheres, 26–27
homogeneous, 1, 9, 11, 29, 41
honeycomb, 43
host, 2, 5, 35
host–guest inclusion complexes, 35
HPA, see hydroxy-propyl acrylate, 

84

HRSEM, see high-resolution 
scanning electron microscopy

HTMS, see heptadecafluorodecyl 
trimethoxysilane

hybrid aerogel, 29, 140
 organic-inorganic, 28
hybrid coating, 84
 organic-inorganic, 66, 84, 86, 89, 

99
hybrid materials, 1–2, 4–6, 12, 

27–28, 36, 39–40, 65, 93, 116, 
141

hybrid nanofibers, 52, 78
hybrid substrate, 44–45, 67, 79, 84, 

116, 118
hybrid suspension, 115, 117–18, 

138
hydrochloric acid (HCl), 24, 45, 81, 

88, 95, 100–102, 153
hydrofluoric acid (HF), 26
hydrogen bonding, 10–11, 21
hydrogen peroxide (H2O2), 28, 65, 

114, 123, 156
hydrolysis, 3, 5, 23–25, 28, 30, 32, 

73, 94–99, 109, 121, 144
hydrolyzing agent, 73
hydrophilic, 4, 8, 10–11, 24–25, 27, 

34–35, 47, 52, 84, 86, 112–15, 
120–23, 141, 146–47, 153

hydrophilicity, 10–12, 24, 33, 47, 
100, 109

hydrophobic coating, 27, 69, 81, 
102, 109, 143, 148

hydrophobic-hydrophilic, 24
hydrophobic interactions, 21–22
hydrophobicity, 4, 11, 21–28, 30, 

33–34, 43–45, 48, 52, 67, 69, 
90, 100, 105, 119–20, 146

 higher, 23, 28, 65, 122
 lower, 23
 strong, 26
 ultrahigh, 26
hydrophobic magnetic 

nanoparticles, 62–63
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hydrophobic materials, 21, 24, 
31, 69, 78–79, 91, 93, 100, 
109–10, 112, 115, 120, 122, 
137, 140

 degradation of, 69, 98
 long-chain, 110
hydrophobic molecules, 11, 22
hydrophobic polymers, 52, 119
hydrophobic silica nanoparticles, 

24–25, 69–70, 72, 80–84, 115, 
148

hydrophobic surfaces, 11, 21, 27, 
35, 40–41, 45, 52, 62, 71–72, 
95, 106, 117, 120, 124

hydrosilylation, 36, 45
hydrotalcite/hydromagnesite, 

34–35
hydrothermal, 22, 27, 33–34, 92, 

94, 121
hydroxyethyl acrylate (HEA), 39
hydroxylation, 69, 96–97
hydroxy-propyl acrylate (HPA), 84

IBTMS, see 
isobutyltrimethoxysilane

ice adhesion, 147–48
IC, see inclusion complex
inclusion complex (IC), 35
indium tin oxide (ITO), 49
inhibitor, 32, 143
interfaces, 1, 144
interfacial tensions, 10
intermolecular forces, weak, 21
interpenetrating polymer network 

(IPN), 5
ionic bonds, 1, 7
ionic-covalent bonds, 2
IPN, see interpenetrating polymer 

network
Irgacure 2100, 78–79
isobutyltrimethoxysilane (IBTMS), 

28
isopropanol, 25, 33
isostearyl acids, 89

itaconic acid, 98
ITO, see indium tin oxide

laser, 12, 109
latex, 31–32
layer-by-layer assembly, 109
layer-by-layer self-assembly, ionic, 

93–94
layer-by-layer deposition, 41
layered double hydroxide (LDH), 

71, 120
LDH, see layered double hydroxide
leafhopper-type silica 

nanoparticles, 141
leather, 10, 84
liquid marble, 141
liquid–solid–air boundary, 10
lithography, 12, 41, 90
LLP, see lotus leaf powder
lotus, 12, 115, 149
lotus leaf powder (LLP), 115, 117, 

138
low-surface-energy material 

(LSEM), 71, 89, 120, 144
LSEM, see low-surface-energy 

material

magnesium alloy, 76
magnesium hydroxide, 102–3
magnesium nitrate hexahydrate, 

34
magnetic materials, 94, 138
magnetic nanoparticle inclusion 

complex (M-IC), 34–35, 94, 
141

magnetic-responsive, 62, 63, 94, 
138, 141, 142

magnetic superhydrophobic foam, 
141–42

MB, see methylene blue
MD, see membrane distillation
MDI, see methylene diphenyl 

diisocyanate
mechanical abrasion, robust, 107
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mechanical damage, 8
mechanical properties, 4, 71
mechanical stability, 61, 79, 82
melamine-formaldehyde (MF), 

100, 140
melamine sponge, 118, 138
membrane, 2, 24, 62, 89, 121, 153, 

162
membrane distillation (MD), 120
mesoporous materials, 5, 27
mesoporous nanoparticle (MNP), 

5, 7, 34, 365, 7
metal ion adsorption, 12, 165
metal ions, 49, 118
metallopolymer, 37, 72–73
metallosilicates, 6
metal nanoparticles, 43
metal organic framework (MOF), 6
metal precursors, 3, 23, 94–95
methacryloxypropyl 

trimethoxysilane (MPTMS), 
62, 89–90

methylene blue (MB), 45, 65–66, 
97, 155

methylene diphenyl diisocyanate 
(MDI), 39

methyl methacrylate (MMA), 32, 
45, 84, 89

methyltriethoxysilane (MTES), 24, 
27–28, 65, 81, 97–98, 109, 147

methyltrimethoxysilane (MTMS), 
23, 25, 28, 31, 45, 72–73, 105

methyl violet dyes, 50
MF, see melamine-formaldehyde
MGO, see modified graphene oxide
M-IC, see magnetic nanoparticle 

inclusion complex
microarray, 43, 44
microfluidics, 12
micromotor, 62
micronanohierarchical, 90–91, 93, 

101, 107–8
micropillars, 45, 47
microscopic geometry, 21

MMA, see methyl methacrylate
MMDI, see carbodiimide-modified
diphenylmethane diisocyanate
MNP, see mesoporous nanoparticle
modified graphene oxide (MGO), 

37–38
MOF, see metal organic framework
molar ratios, 23, 27, 107–9, 145
molecular weight, 4
monoliths, 31
monomers, 1, 29, 31–32, 39–40, 

78, 81–82, 84–85, 90
mosquito eyes, 12
MPTMS, see methacryloxypropyl 

trimethoxysilane
MTES, see methyltriethoxysilane
MTMS, see methyltrimethoxysilane
multifunctional, 6, 155
multiwalled carbon nanotube 

(MWCNT), 44, 91, 93, 97
MWCNT, see multiwalled carbon 

nanotube

nanocomposites, 1, 63, 68, 71
nanofabric, 120–21
nanofibrillated cellulose (NFC), 

140–41
nanofibrous mat, 51–53, 62, 89, 

119–22
nanofiller, 71
nanohybrids
 multifunctional, 6
 organic-inorganic, 2–3, 21–23, 

31, 33, 40, 61–62, 72, 78, 81, 
90–91, 109, 150, 165–66

nanomembrane, 120–21
nanoparticles, 33, 44, 47, 62, 66, 

85, 119–20
 functional, 141
 inorganic, 42, 71, 120
 organic-inorganic hybrid, 141
 silver, 141, 153
nanosilver, 45
nanospheres, 26, 81, 92
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nanostructures, 42, 91–92
NDM, see N-dodecyl mercaptan
N-dodecyl mercaptan (NDM), 

106–7
NFC, see nanofibrillated cellulose
nickel hydroxide, 108
nickel nitrate, 102, 144
nickel stearate, 108, 145
n-octyltrimethoxysilane, 26
nonbiodegradable polymers, 51
noncovalent interaction, 7, 95
nonpolar, 11, 21
nonwetting, 11
nonwoven fabrics, 51

OA, see oleic acid
OCP, see open-circuit potential
octadecanoic acid, 93
octadecyltrichlorosilane (OTS), 

104, 120, 123
octadecyltrimethyl ammonium 

chloride (OTAC), 7
octadecyltrimethoxysilane 

(OTMOS), 82
octafluoropentyloxypropyl (OFP), 

45
octyltriethoxysilane (OTES), 24
OFP, see octafluoropentyloxypropyl
oil separation, 138, 141
oil sorption, 77, 137–38, 165
oil spills, 61–62, 138, 141
oil-water mixtures, 47, 53, 62, 64, 

79, 142
oil/water separation, 140
oleic acid (OA), 63, 66–67, 94
oleophobicity, 39
oligo(p-phenylenevinylene) (OPV), 

91
ooctadecanoic acid, 93
open-circuit potential (OCP), 69, 

144
OPV, see oligo(p-

phenylenevinylene)
organic dyes, 45, 61, 65, 155, 165

organic functional triethoxysilane 
(RTES), 24

organic-inorganic hybrid materials, 
2–6, 8, 12, 21, 23–24, 27–28, 
31, 36, 40, 44, 47, 65, 78–79, 
90, 95

organic-inorganic hybrids, 30, 44, 
67, 78, 88, 95, 113, 137

organic-inorganic materials, 12, 71
organic-inorganic nanohybrids, 

2–3, 21–23, 31, 33, 40, 61–62, 
72, 78, 81, 90–91, 109, 150, 
165–66

organic pollutants, 26
organoalkoxysilanes, 65
organosilanes, terminal, 5
organotrimethoxysilanes, 30
OTAC, see octadecyltrimethyl 

ammonium chloride
OTES, see octyltriethoxysilane
OTMOS, see 

octadecyltrimethoxysilane
OTS, see octadecyltrichlorosilane

P8A, see pentaerythritol tetrakis(3-
mercaptopropionate)

PAA, see polyacrylic acid
PAA, see poly(amic acid)
PAN, see poly(acrylonitrile) 
paraffin oil, 110
PCL, polycaprolactone
PDA, see polydopamine 140–41
PDA@ODA, see polydopamine@

octadecylamine
PDA@ODT, see polydopamine@

octadecanethiol
PDMS, see polydimethylsiloxane
PE, see polyethylene
peacock feather, 12
PEDOT, see poly(3,4-

ethylenedioxythiophene)
PE films, 93
PEI, see polyethyleneimine
pencil hardness, 72
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pentafluorobenzoyl chloride, 39
pentadecafluorooctanoic acid, 108
pentaerythritol tetra(3-

mercaptopropionate) 
(PETMP), 79–80

pentaerythritol tetrakis(3-
mercaptopropionate) (P8A), 
79

PEO, see polyethylene oxide
perfluoroalkylsilane (PFAS), 47
perfluoroalkylsulfonyl alkyl 

triakoxy silane, 45
perfluorodecyltrichlorosilane 

(FDTS), 70–71 
pentafluoroethane, 124
perfluorooctyltriethoxy silane, 26
periodic mesoporous organosilica 

(PMO), 5–7
PES, see polyethersulfone
PESQ, see polyethylsilsesquioxane
PETMP, see pentaerythritol tetra(3-

mercaptopropionate)
PFAS, see perfluoroalkylsilane
PFDA, see 1H,1H,2H,2H-

perfluorodecyl acrylate
phase transfer catalysts, 32
phenyl-substituted silica ormosil 

(PSiOr), 115, 117
phenyltriethoxysilane (PTES), 24, 

97–98
PHMS, see 

polymethylhydrosiloxane
phosphorous acid, 102
photocatalysis, 64–65, 137, 154, 

165
photocatalytic activity, 47, 64–68, 

86, 93, 155–56
photocatalytic behavior, 65, 93, 

155
photocatalytic degradation, 45, 

65–66, 68, 155–56
photodegradation, 155–56
photoinitiator, 78–79, 81
photolithography, 41

photoluminescence, 49
photopolymerization, 79–81
photosensitive, 88
photosynthesis, 65 
Pisdium gujava, 117
plasma etching, 42–43, 122
plasma treatment, 43, 122–24
platinum mesh, 69
Pluronic, 7, 83, 95
PMA, see poly(methacrylate)
PMHS, see 

polymethylhydrosiloxane
PMMA, see 

polymethylmethacrylate
PMO, see periodic mesoporous 

organosilica
polarization resistance, 146
PEDOT, see poly(3,4-

ethylenedioxythiophene), 33
polyacrylic acid (PAA), 93
poly(acrylonitrile) (PAN), 120–21 
poly(allylamine hydrochloride), 43
poly(amic acid) (PAA), 40 
polycaprolactone (PCL), 114
polycarbonate, 73
polycondensation, 24, 30
polydimethylsiloxane (PDMS), 33, 

36, 44, 69–71, 104–5, 110–11, 
114, 119, 122, 139, 148–49

polydopamine (PDA), 140–41
polydopamine@octadecylamine 

(PDA@ODA), 123
polydopamine@octadecanethiol 

(PDA@ ODT), 124 
polyethersulfone (PES), 62
polyethylene (PE), 9, 93, 141
polyethylene oxide (PEO), 43, 79
polyethyleneimine (PEI), 93
polyethylsilsesquioxane (PESQ), 29
polyhedral oligomeric 

silsesquioxane (POSS), 39, 79, 
104

polymerization, 31–32, 78, 89, 107, 
128, 153, 157
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polymer matrix, 3, 5
polymer nanocomposites, 63
polymers, 2, 4, 9, 51, 71, 78, 119, 

122, 150
poly(methacrylate) (PMA), 65
polymethylhydrosiloxane (PHMS), 

36, 41, 96–97
polymethylmethacrylate (PMMA), 

40, 45, 120, 144, 148–49
polynorbornene/fluorosilica, 72
polyoxyethylene (10) cetyl ether , 7
polyoxyethylene 2-ethylhexyl 

ether, 28
polyoxyethylene (4) lauryl ether, 7
polyoxyethylene (10) stearyl ether, 

7
polyoxyethylene nonylphenol 

ether, 26
polyperfluoroether diol, 114
polyphenylene sulfide (PPS), 111
polypropylene (PP), 9, 62
polypyrrole (PPy), 45, 68
polysilsesquioxane (PSSQ), 29–31, 

87
polystyrene (PS), 9, 32, 44, 65, 81
poly(4-styrenesulfonate) (PSS), 33 
polytetrafluoroethylene (PTFE), 9, 

20, 45, 47–48, 66–67, 84
polyvinyl acetate (PVAc), 52
polyvinyl alcohol (PVA), 9, 68, 73, 

89, 152–53
polyvinyl butyral (PVB), 52
polyvinyl chloride (PVC), 9, 36–39
polyvinylidene fluoride (PVDF), 9, 

24, 120, 152–53
poly(4-vinylpyridine) (PVP), 157
polyvinylpyrrolidone (PVP), 

52–53, 87
polyvinylsilsesquioxane (PVSQ), 29
porosity, 82–83
porous structure, 5, 42–43, 64, 89, 

94, 96, 120, 140–41
POSS, see polyhedral oligomeric 

silsesquioxane

potassium chloride, 106
potassium hydroxide, 108
potassium persulfate, 84
potassium sodium tartrate, 107
POTS, see 1H,1H,2H,2H-

perfluorooctyltriethoxysilane
PP, see polypropylene 
PPS, see polyphenylene sulfide
PPy, see polypyrrole
precursors, 5–7, 24, 36, 40, 97
 anionic, 49
 bis-silylated, 5
 cationic, 49
 fluoro-silane-based, 25
 iron-based, 36
 low-molecular-weight 

organoalkoxysilane, 4
 organic, 5, 95
 pentafluoroethane, 124
 preformed layered zeolite, 6
 silicone, 23
protein adsorption, 43, 44
proteins, 150
PS, see polystyrene
PSiOr, see phenyl-substituted silica 

ormosil
PSS, see poly(4-styrenesulfonate)
PSSQ, see polysilsesquioxane
PTES, see phenyltriethoxysilane
PTFE, see polytetrafluoroethylene
PVA, see polyvinyl alcohol
PVAc, see polyvinyl acetate
PVB, see polyvinyl butyral
PVC, see polyvinyl chloride 
PVDF, see polyvinylidene fluoride
PVP, see poly(4-vinylpyridine)
PVP, see polyvinylpyrrolidone
PVSQ, see polyvinylsilsesquioxane

QCM, see quartz crystal 
microbalance

quartz crystal microbalance 
(QCM), 67
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radio-frequency (RF), 124
RBF, see round-bottom flask
reaction, exothermic, 30
redox activation, 89
redox properties, 4
reduced graphene oxide (RGO), 

47, 62
reference electrodes, 69–70, 143
refractive index, 4, 95, 97
RF see radio-frequency
RGO, see reduced graphene oxide
RhB, see Rhodamine B
Rhodamine B (RhB), 68, 155–56
rice leaves, 12
Rockwell indenter, 71–72
room temperature (RT), 24, 28, 92, 

95, 98, 101, 104–6, 108, 114, 
116, 139, 142, 144, 146, 148

rose bengal, 50
rose petals, 12
roughness, 116, 120, 122, 148
round-bottom flask (RBF), 32, 34
(R,S)-1-phenylethanol, 65, 66
RT, see room temperature
RTES, see organic functional 

triethoxysilane
rust, 69

SAM, see self-assembled monolayer
sandblasting, 144
sandpaper, 102, 106–7
SCA, see static contact angle
scaffold, 120
scanning electron microscopy/

energy dispersive X-ray 
spectroscopy (SEM-EDS), 42

scratch resistance, 61, 71–73, 76, 
165

SDA, see structure-directing agent
SDBS, see sodiumdodecyl benzene 

sulfonate
SDS, see sodium dodecyl sulfate
seawater, 141, 153
 artificial, 118

 real, 141
self-assembled monolayer (SAM), 

123
self-assembly, 22, 43, 90–94, 114
 layer-by-layer, 93–94
self-cleaning, 66–67, 91–92, 95, 98, 

107, 118–20, 134, 147, 150, 
153, 155

selenous acid, 102
self-healing, 5, 7, 12, 79, 104, 123
self-hydroxylation, 23, 27
SEM-EDS, see scanning
electron microscopy/energy 

dispersive X-ray spectroscopy
sensors, 2, 5, 12, 51, 165
shark skin, 12
SiC, see silicon carbide
silane precursors, 7, 24, 26, 28–29, 

34, 90, 95–96, 99
 based, 7
 functional organic, 24
silanes, 3, 29, 126
SILAR, see successive ionic layer 

adsorption and reaction
silica nanoparticles, 69, 72, 82–83, 

95, 111, 113, 118, 120, 141, 
152

 dried, 110
 fluorescein-doped, 43
 fluorinated, 72, 86, 114
 fluorosilane-modified, 113
 functionalized, 90
 hydrophobic, 79
 hydrophobically modified, 69, 

72, 144, 148
 low-surface-energy 

hydrophobic, 70
 mesoporous, 27
 oligomer-wrapped, 110
 titanium-modified mesoporous, 

65
 well-ordered, 89
silica ormosils, 104, 117
silicon carbide (SiC), 102
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silicon wafer, 43, 47, 122–23
sliding angle, 80, 85, 118, 153
smart coatings, 2
sodium alginate, 140, 145–46
sodium carbonate, 34
sodium chloride (NaCl), 69, 84, 

143
sodium dihydrogen phosphate, 32
sodiumdodecyl benzene sulfonate 

(SDBS), 153
sodium dodecyl sulfate (SDS), 81
sodium hydrogen carbonate, 32
sodium hydroxide, 27, 33, 63, 88, 

92, 97, 104, 107, 144
sodium hydroxide:thiourea:urea, 

63
sodium lauryl sulfate, 102
sodium salt, 53
sodium stearate (NaSa), 111
sodium sulfate, 93
sodium sulfide, 49
solar cells, 12, 49, 77
sol-gel, 3–4, 22–25, 27–29, 41, 45, 

65, 72, 90, 94–99, 109, 147
solvent exchange, 24, 97
solvothermal methods, 22, 33–34
sorbiton monooleate (SPAN80), 53
sorption, 27, 62, 64–65, 100, 1, 

37–39, 141
spider silks, 12
spin coating, 28, 41, 43, 47, 69–70, 

72, 113–14, 117
SPMAs, see supporting porous 

magnetic assemblies
spray coating, 22, 46–47, 79–80, 

84, 109, 148
SPS, see sulfonated polystyrene
stable hydrophobicity, 26, 39–40, 

44–45, 52, 69, 72–73
stable superhydrophobicity, 84, 89, 

92–94, 98, 102, 108, 115
starch, 9
static contact angle (SCA), 10

stearic acid, 89, 101–3, 141, 144, 
146

steric hindrance, 22
stimuli-responsive materials, 12
Stöber method, 82, 89
stoichiometry, 30
structure-directing agent (SDA), 

5–6, 33, 41
successive ionic layer adsorption 

and reaction (SILAR), 22, 49
sulfonated polystyrene (SPS), 44
sunflower oil, 110
superamphiphobic, 80, 81, 165
supercritical drying, 28
superhydrophilic, 88, 96–98, 100, 

104, 114, 116, 124, 139
superhydrophilicity, 11, 116
superhydrophobic, 2, 12–13, 

77–82, 84, 86, 88–91, 93–95, 
97–100, 102–11, 117–22, 124, 
144, 146, 157, 165

superhydrophobic coatings, 77–79, 
81–82, 84, 87, 89, 91, 94, 
98–100, 104, 106, 109, 111, 
119, 122, 143

superhydrophobic fabrics, 104–5
superhydrophobic foam, 97, 105, 

142
superhydrophobicity, 78, 80–81, 

83–84, 87–88, 90–91, 93–96, 
98–99, 102–3, 105, 111–20, 
122, 144–45, 147, 150, 157

superhydrophobic materials, 12, 
78, 154

superhydrophobic paper, 111
superhydrophobic properties, 12, 

39, 112, 116, 139, 166
superhydrophobic substrates, 85, 

106, 138, 140, 144–49, 153, 
157

superhydrophobic surfaces, 12, 77, 
90–91, 93–94, 100, 102, 106, 
111, 113–15, 117–20, 124, 
137–38, 140–41, 150, 153
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superoleophilic, 141
superoleophobic, 140–41
superoleophobicity, 80, 89
supporting porous magnetic 

assemblies (SPMAs), 94
surface-anchored metal-organic 

framework (SURMOF), 45–46
surface area, 3, 27, 46, 66, 97, 155
surface contact angle, 8, 11, 52, 98, 

144–45, 152
surface energy, 9, 11, 21, 148
 high, 10
 low, 11, 39, 71, 150
surface grafting, 22, 36–37, 39, 41, 

78, 88–89, 93
surface hydrophobicity, 32–33, 

39–41, 45, 52, 61, 100
surface modification, 2, 35–36, 

40, 48, 62, 90, 92, 94, 99–100, 
104–5, 109, 113, 122–23, 
146–47, 152–53

surface morphology, 11, 23, 33, 
41–42, 45, 47, 51–53, 82–83, 
86, 90, 94, 100–101, 113, 116, 
120

surface tension, 8–11, 21–23
surface wettability, 8–9, 11, 45, 82, 

93, 100, 106, 109, 112, 114, 
122

surfactants, 5–7, 27–28, 31–33, 53, 
81, 83–84, 95, 153

SURMOF, see surface-anchored 
metal-organic framework

switchability, 97, 157
switchable, 12, 33, 86, 88
Sylgard 184B, 105
synperonic (F108), 7

TBT, see tetrabutyl titanate
TEAOH, see tetraethylammonium 

hydroxide
Teflon-lined autoclave, 34
TEOS, see tetraethoxysilane

TESPSA, see 3-(triethoxysilyl) 
propyl succinic anhydride

tetraalkoxysilanes, 5
tetrabutyl titanate (TBT), 45
tetradecyltrimetylammonium 

bromide (TTAB), 27
tetraethoxysilane (TEOS), 23–29, 

36, 41, 62, 89, 96–98, 105, 148
tetraethylammonium hydroxide 

(TEAOH), 29
tetrahydrofuran (THF), 9, 79, 115, 

144
tetramethoxysilane (TMOS),  

28–29, 31, 45, 73
tetramethyl-ammonium hydroxide 

(TMAOH), 28–29
tetramethylene oxide, 105
textiles, 10, 12, 51, 99, 137–38
TFEMA, see 2,2,2-trifluoroethyl 

methacrylate
thermal stability, 4, 27, 61, 79, 95, 

98, 116, 118
THF, see tetrahydrofuran
thin-film surface, 97
thionyl chloride, 38
three-electrode system, 69, 143
tin(II) sulfate, 49
tin oxo-cluster, 7
tin sulfide, 49
titanium(IV) butoxide, 52
titanium alloy, 109, 144
titanium dioxide, 47, 65, 94
titanium isopropoxide, 23, 45
titanium tri-chloride, 49
TMAOH, see tetramethyl-

ammonium hydroxide
TMCS, see trimethylchlorosilane
TMHP, see di-(3,5,5-trimethyl 

hexanoyl) peroxide
TMOS, see tetramethoxysilane
TMSC, see trimethylsilyl cellulose
TMSH, see tris(3-

mercaptopropionate)
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TMSPMA, see 3-(trimethoxysilyl)
propyl methacrylate

TMTVSi, see 
2,4,6,8-tetramethyl-2,4,6,8-

tetravinylcyclotetrasiloxane
p-toluidine, 27, 37, 38
tolylene diisocyanate, 110
tree of heaven, 12
triallyl isocyanurate (TTT), 80
triblock copolymer, 7, 114
trimethoxysilylethyl, 45
trimethylchlorosilane (TMCS), 110
trimethylsilyl cellulose (TMSC), 52
tris(3-mercaptopropionate) 

(TMSH), 36
tris-hydroxymethylaminomethane, 

28
TTAB, see 

tetradecyltrimetylammonium 
bromide

TTT, see triallyl isocyanurate
two-electrode system, 93

UV, 12, 34, 72, 78–81, 85–86, 88, 
104, 123, 155, 157

UV-curable resin, 8, 72, 81
UV curing, 47, 80
UV/IR irradiation, 33–34
UV irradiation, 43–44, 65, 67, 119, 

157
UV light, 26, 64, 66–67, 79, 86, 

155–56
UV light irradiation, 66–68, 156
UV-visible light, 78, 113, 155

vacuum, 47, 92, 157
van der Waals, 1, 4, 21
vapor phase, 10
vinyltriethoxysilane (VTES), 24
vinyltrimethoxysilane (VTMS), 28, 

31, 90
viscoelastic, 51
VTES, see vinyltriethoxysilane

VTMS, see vinyltrimethoxysilane

waste paper, 102
water adhesion, 47, 71
water contact angle (WCA), 50, 67, 

141
water repellence, 61, 82, 84, 89, 

120, 139, 148–50
water-repellent properties, 138, 

153, 165
water strider leg, 12
WCA, see water contact angle
Wenzel, 11, 17
wettability, 8, 10, 36, 120
wetting, 148
wood, 10 

X-ray, 42

Young, Thomas, 10

ZCF, see zein-casting film
zein-casting film (ZCF), 121
zein electrospun nanofibrous 

network (ZENN), 121
ZENN, see zein electrospun 

nanofibrous network
zeolite, 6, 68
zinc acetate, 33, 84
zinc acetate dehydrate, 94
zinc chloride, 111
zinc foil substrate, 45
zinc nitrate hexahydrate, 33
zinc oxide (ZnO), 33, 65, 67, 157
zinc sulfate heptahydrate, 106–7
zirconium(IV) n-propoxide (ZP), 

99
ZnO, see zinc oxide
ZnO microrods, 33
ZnO nanocrystallites, 33
ZnO nanoparticles, 33, 149
ZnO nanowires, 94
ZP, see zirconium(IV) n-propoxide
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