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Preface to the series

The field of synthesis, study, and application of metal oxides is one of the most rap-

idly progressing areas of science and technology. Metal oxides are among the most

ubiquitous compound groups on earth, having a large variety of chemical composi-

tions, atomic structures, and crystalline shapes. In addition, metal oxides are known

to possess unique functionalities that are absent or inferior in other solid materials.

In particular, metal oxides represent an assorted and appealing class of materials,

properties of which exhibit a full spectrum of electronic properties from insulating

to semiconducting, metallic, and superconducting. Moreover, almost all the known

effects, including superconductivity, thermoelectric effects, photoelectrical effects,

luminescence, and magnetism, can be observed in metal oxides. Therefore metal

oxides have emerged as an important class of multifunctional materials with a rich

collection of properties, which have great potential for numerous device applica-

tions. Specific properties of the metal oxides, such as the wide variety of materials

with different electrophysical, optical, and chemical characteristics, their high ther-

mal and temporal stability, and their ability to function in harsh environments,

make metal oxides very suitable materials for designing transparent electrodes,

high-mobility transistors, gas sensors, actuators, acoustical transducers, photovoltaic

and photonic devices, photocatalysts and heterogeneous catalysts, solid-state cool-

ers, high-frequency and micromechanical devices, energy-harvesting and storage

devices, nonvolatile memories, and many other applications in the electronics,

energy, and health sectors. In these devices, metal oxides can be successfully used

as sensing or active layers, substrates, electrodes, promoters, structure modifiers,

membranes, and fibers, that is, they can be used as active and passive components.

Among other advantages of metal, oxides are the low fabrication cost and

robustness in practical applications. Furthermore, metal oxides can be prepared in

various forms, such as ceramics, thick film, and thin film. For thin film deposition,

deposition techniques can be used that are compatible with standard microelectronic

technology. The last factor is very important for large-scale production because the

microelectronic approach promotes low cost for mass production, offers the possi-

bility of manufacturing devices on a chip, and guarantees good reproducibility.

Various metal oxide nanostructures, including nanowires, nanotubes, nanofibers,

core�shell structures, and hollow nanostructures also can be synthesized. As is

known, the field of metal oxide nanostructured morphologies (e.g., nanowires,

nanorods, and nanotubes) has become one of the most active research areas in the

nanoscience community.

The ability to create a variety of metal oxide�based composites and the ability

to synthesize various multicomponent compounds significantly expand the range of



properties that metal oxide�based materials can have, making metal oxides truly

versatile multifunctional materials for widespread use. Small changes in their chem-

ical composition and atomic structure can be accompanied by spectacular variations

in properties and behavior. Even now, advances in synthesizing and characterizing

techniques are revealing numerous new functions of metal oxides.

Taking into account the importance of metal oxides for progress in microelec-

tronics, optoelectronics, photonics, energy conversion, sensors, and catalysis, a

large number of various books devoted to this class of materials have been pub-

lished. However, one should note that some books from this list are too general,

some books are collections of various original works without any generalizations,

and s were published many years ago. However, during the past decade, great prog-

ress has been made in the synthesis of metal oxides as well as their structural, phys-

ical, and chemical characterization and application in various devices, and a large

number of papers have been published on metal oxides. In addition, until now,

many important topics related to metal oxides study and application have not been

discussed. To remedy the situation in this area, we decided to generalize and sys-

tematize the results of research in this direction and to publish a series of books

devoted to metal oxides.

The proposed book series, Metal Oxides, is the first one to be devoted solely to

the consideration of metal oxides. We believe that combining books on metal oxi-

des in a series could help readers in finding required information on the subject. In

particular, we plan that the books in our series, which will have clear specialization

by content, will provide interdisciplinary discussion for various oxide materials

with a wide range of topics, from material synthesis and deposition to characteriza-

tions, processing, and device fabrications and applications. This book series is being

prepared by a team of highly qualified experts, which guarantees its high quality.

I hope that our books will be useful and easy to use. I hope that readers will con-

sider this book series to be like an encyclopedia of metal oxides that will enable

readers to understand the present status of metal oxides, to evaluate the role of mul-

tifunctional metal oxides in the design of advanced devices, and then, on the basis

of observed knowledge, to formulate new goals for further research.

The intended audience of the present book series is scientists and researchers

who are working or planning to work in the field of materials related to metal oxi-

des, that is, scientists and researchers whose activities are related to electronics,

optoelectronics, energy, catalysis, sensors, electrical engineering, ceramics, biomed-

ical designs, and so on. I believe that this Metal Oxides book series will also be

interesting for practicing engineers or project managers in industries and national

laboratories who would like to design metal oxide�based devices but don’t know

how to do it or how to select the optimal metal oxides for specific applications.

With many references to the vast resource of recently published literature on the

subject, this book series will serve as a significant and insightful source of valuable

information, providing scientists and engineers with new insights for understanding

and improving existing metal oxide�based devices and for designing new metal

oxide�based materials with new and unexpected properties.
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I believe that this Metal Oxides book series will be very helpful for university

students, postdoctorate scholars, and professors. The structure of these books offers

a basis for courses in the field of material sciences, chemical engineering, electron-

ics, electrical engineering, optoelectronics, energy technologies, environmental con-

trol, and many others. Graduate students could also find the book series to be very

useful in their research, for understanding features of metal oxide synthesis, and for

study and applications of this multifunctional material in various devices. We are

sure that all of them will find the information useful for their activity.

Finally, I thank all contributing authors and book editors who have been

involved in the creation of these books. I am thankful that they agreed to participate

in this project and for their efforts in the preparation of these books. Without their

participation, this project would have not been possible. I also express my gratitude

to Elsevier for giving us the opportunity to publish this series. I especially thank the

team at the editorial office at Elsevier for their patience during the development of

this project and for encouraging us during the various stages of preparation.

Ghenadii Korotcenkov
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Preface to the volume

In the last few decades the scientific community has progressively shifted its

research interest toward the infinitely small: the nanoworld. The trend has opened

the unprecedented opportunity to have a detailed picture of the world at the atom

level and the unrivaled prospect of tuning and controlling the properties of the

materials as never before. At the nanoscale, atoms interact and combine to deter-

mine the specific properties of materials (e.g., chemical, physical, electronic, mag-

netic, optical).

The targeted manipulation of materials at this scale makes it possible to signifi-

cantly enhance existing properties while new exotic ones can be induced. The behav-

ior of materials can be controlled by controlling the chemical composition (atom by

atom) and by confining one or more dimensions into the nanoscale range. Several

advanced compositions shaped into novel nanostructures have been engineered and

proven to possess superior emerging properties compared to their bulk counterparts.

At the same time, a significant number of structures with one or more dimensions in

the nanoscale range have emerged in many fields with proven enhanced properties

or even entirely new properties. The list includes superior nanomaterials in the 10- to

100-nm scale. This range is above the atom-to-atom size domain. However, these

materials still have exceptional properties and unique compositional and microstruc-

tural features. Some prominent examples are nanoparticles, nanosheets, nanocages,

nanotubes, nanowires, and nanofibers. Many others are expected to be introduced

with various shapes and heterostructures. Heterostructures combine two or more

nanomaterials with complementary functionalities to enable nanodevices.

Nanofibers are a class of quasi-one-dimensional materials with cross-sectional

diameters ranging from tens to hundreds of nanometers and a few tens of micro-

meters in length. These peculiar dimensional characteristics offer the merits of an

extremely high aspect ratio and surface-area-to-volume ratio. In addition, nanofibers

are typically arranged into thick membranes or substrates with a wide-open and

well-interconnected porous network that offer further potential to significantly

affect performance. The relationship between structure and composition is an essen-

tial aspect for efficient tuning of properties and performances of the materials. As

one of the main strengths, nanofibers are easily fabricated with a sizable and simple

spinning system that is flexible for different materials processing, such as ceramic,

polymers, metals, and even hybrid materials.

Among the materials, metal oxides exhibit a rich spectrum of properties that can

potentially solve many technological challenges, from lower energy consumption to

renewable energy sources. Their success is mainly due to compositional diversity,



easy tunability of the chemical and physical properties, facile synthesis, high stabil-

ity, low cost, and environmental friendliness.

When metal oxides are shaped into nanofibers, devices with enhanced perfor-

mances and emerging behaviors are designed to meet the specific requirements of

many different applications. The tuning of specific properties can be attained by

manipulating either the chemistry and the structural parameters of the nanofibers

(e.g., diameters and crystallite size). In the last decades, many metal oxides have

been synthesized in the shape of nanofibers and explored for their applications in

diverse fields, such as purification of liquids and gases; remediation of water and

air pollutants; sensors; and energy generation, conversion, and storage.

This book provides an overview of the current state of developments, challenges,

and perspectives of metal oxide nanofibers. It comprises three main sections cover-

ing the synthesis with its related critical aspects and applications in topical areas.

The first section deals with the theoretical and experimental aspects of synthesis

and methodologies. The focus is on the control of the microstructure, composition,

and shape of nanofibrous metal oxides. The section includes electrospinning and

other methods to synthesize nanofibers in either random or allied fashion. The sec-

tion also includes the safety aspects associated with the fabrication and handling of

nanofibers.

The second and third sections emphasize applications of metal oxide nanofibers

in diverse technologies, focusing on the relationship between the peculiar structural,

morphological, and compositional features of the nanofibers with the performances

in specific fields of applications. Specifically, the second section deals with the

applications of metal oxide nanofibers in sensors (e.g., biosensing, gas, and vapor

sensors) and water and air purification (e.g., catalyst and filter for the abatement of

pollutants). The third section discusses energy generation and storage technologies

(e.g., piezoelectric, solar cells, solid oxide fuel cells, lithium-ion batteries, superca-

pacitors, and hydrogen storage).

The book results from the contributions of several eminent worldwide experts

along with their collaborators. The editors highly appreciate their time and effort,

without which the book would not have been possible. The book will be relevant

for students, young research scientists working with metal oxide nanofibers, engi-

neers, and technology developers. The editors have done their best to cover all the

areas of great interest in the field of metal oxides. The intent is to transfer the cur-

rent enthusiasm about metal oxide nanofibers to as large a readership as possible.

The editors hope that the book will serve this purpose. Finally, the editors would

like to thank the editorial team at Elsevier for the opportunity to publish this book

and for the valuable support, patience, and pursuance, which were essential for

finalizing it.

Debora Marani and Vincenzo Esposito
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Electrochemical impedance spectroscopy

(EIS), 319�324, 320f, 320t, 322f

Electrochemical oxidation (ECO), 414�416

Electrode, 302

architectures, 304�305

preparation, 307�310, 308t

Electron beam lithography (EBL), 412, 414

Electronic state, 286�294, 286f

Electrons, excitation of, 280�281, 281f

Electrospinning (ES) process, 3�6, 139,

141, 307�311, 309t, 371, 397�402,

402f

of colloids. See Colloid electrospinning

components, 4f

disadvantages of, 65�66

for fabrication of MONFs, 117�120

horizontal, 117�118, 117f

limitations, 120

vertical, 117�118

features of, 89�90

large-scale production, 16�19

limitations of, 90

mechanism of, 159�160

metal oxide and composite nanofibers

obtained from, 7t

for metal oxide nanofibers, 6�16

parameters, 13�16, 362

of polysaccharides, 99

principle of, 31�32

procedure for MONFs, 160�161

for producing metal oxide nanofibers,

33�40, 33f

converting amorphous to crystalline

structure, 38�39

physical and chemical modifications,

39�40

precursor solution, directly

electrospinning of, 34�35

removing polymeric component in

composite nanofibers, 35�37
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for randomly oriented nanofibers, 50f

safety, 20�21

setup, 139�140, 140f, 160f

sol�gel electrospinning process, 8�11

solution, viscosity of, 141

Electrospun BaTiO3 NFs, 236

Electrospun metal oxide nanofiber

(EMONF), 32, 118f, 163�164,

362�383

morphology of, 39�40

Electrospun nanofiber cathodes,

morphologies of, 310f

Electrospun nanofibers, 21, 51�52

Enzyme-linked immunosorbent assay

(ELISA) standard, 125�126

Energy storage materials, synthesis of one-

dimensional metal oxide�based

crystals

aluminum oxide, 334�336

copper oxide, 336

iron oxide, 336�338

manganese oxide, 338�340

nickel oxide, 340�343

silicon oxide and silicates, 343�344

tin oxide, 344

titanium oxides and titanates, 344�347

tungsten oxide and tungstates, 348�349

vanadium oxide, 349�351

zinc oxide, 352�354

zirconate fibers, 354�356

Equivalent circuit (EC) model, 319�323

Escherichia coli, 178

photocatalytic antibacterial efficiency

against, 182f

European Union (EU), 219�220

Exhaust gas pollutants, 200�201

Experimental symmetrical cell, 309f

F

Fabrication metal oxide nanofibers, oxides,

254f

Fe2O3/PVP composite nanofiber, 11, 12f

Fermi energy level, 281�286, 288�289,

291�293

Ferratrane, 10�11, 11f

Ferric oxide (Fe2O3) nanofibers, 50�51,

75�77, 76f

Ferroelectric materials, 215�216

Ferroelectricity, 217

Field emission scanning electron microscopy

(FESEM), 337f, 349f, 403, 404f,

415f, 416f

Forcespinning process. See Centrifugal

spinning process

G

Gadolinia-doped ceria (GDC), 302�303,

311, 316, 319

Gas filter, 200�205

MONFs as catalyst support matrix and

catalyst, 200�203

metal oxide nanofibrous photocatalysts,

203�205, 204f

Gas-sensing applications, of metal oxide

nanofibers, 143�153

composite NFs, 145�150

importance of, 143�144

loaded/doped, 150�153

pristine, 144�145

Glass-annealing method, 416�417

Graphene/vanadium ions, 351f

Gravitational fiber drawing technique,

120�121

H

Hammer’s method, 348�349

High electrical conductivity, 287

High resistance state (HRS), 250�251,

269�270

High-energy-density storage devices, 236

Highest occupied molecular orbital

(HOMO), 279�280, 282�283

Hollow nanofibers, 41�43

Homovalent ion substitution, 292�293

Horizontal electrospinning, 117�118, 117f

Hydrocarbons (HCs), 191�192

Hydrogen oxidation reaction (HOR), 302

Hydrothermal method, for nanofiber

synthesis, 116

Hydrothermal synthesis, 220�222

of ferroelectric one-dimensional

nanostructures, 222t

I

Ideal gas sensor, 143

In situ formation of Ag nanoparticles, 184f

In situ polymerization method, 180

In2O3 nanofiber, 52�53
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Indium tin oxide (ITO), 51

for electronic devices, 161

In-fiber porosity, 43�46

Inorganic nanofiber nanogenerators, 234t

Inorganic nanoparticles, 183

Inorganic piezoelectric materials, 216�220

Interfiber porosity, 43�46

Intermediate temperature�solid oxide fuel

cells (IT-SOFCs), 302�303, 306,

312, 315�318

International Commission on Non-Ionizing

Radiation Protection, 20

Iron nitrate composite fibers, 77f

Iron oxide (Fe2O3), 336�338

for electronic devices, 161

K

Knudsen number, 198�199

L

Lanthanum strontium cobalt ferrite (LSCF),

305�306, 309�311, 315�317

La-substituted SrTiO3 (LST), 319

Lead zirconate titanate (PZT), 215�216,

219�220

electrospinning of, 223�224

hydrothermal synthesis, 221

nanofiber generator, 232f

Lead-free KNN fibers, 225�226

Lithium ion hybrid supercapacitors, 370

Low resistance state (LRS), 250�251,

269�270

Lowest unoccupied molecular orbital

(LUMO), 279�280, 282�283

M

Magnesium oxide (MgO), in wastewater

treatment, 178

Magnetic field�assisted method, 50�51

Magnetospinning technique, 120

Manganese oxide (MnO2), 248, 338�340,

338f

Melt mixing method, 180

Memristors switching, 250�253, 250t, 253f,

255t

Metal oxide composite nanofibers, 145�150

Metal oxide nanofibers (MONFs), 3, 6, 32,

36�37, 113, 247f

advanced structures of, 40�55

alignment and patterns, control of,

49�52

core-sheath, 40�43

hierarchical surface structures, control

of, 46�49

hollow, 40�43

in-fiber and interfiber porosity,

43�46

side-by-side, 40�43

three-dimensional fibrous aerogels,

53�54

welding at cross points, 52�53

antibacterial activity of, 179f

applications of, 113, 114f

biosensing applications of, 121�128, 129t

cobalt oxides, 126�128

hematite, 126

magnetite, 126

titanium dioxide, 123

ZnO, 123�126

as catalyst support matrix and catalyst,

200�203

challenges, and future scope, 130�131

conductive and transparent networks,

161�163

diameter of, 35�36

for electronic devices, 161, 165t

electrospinning process for, 6�16, 33�40

electrospun metal oxide nanofibers,

362�370

bimetallic or polymetallic oxides,

368�370

single metal oxides, 362�368

electrospun metal oxide nanofiber�based

composites, 370�383

metal oxide/carbon nanofibers/

conducting polymer composites,

381�383

metal oxide/carbon-based composites,

372�381

metal oxide/metal oxide composites,

371�372

fabrication of, 38f

gas-sensing, 143�153, 162

composite NFs, 145�150

importance of, 143�144

loaded/doped, 150�153

pristine, 144�145

mass production of, 54�55

428 Index



memristors and resistive switching,

250�253

photoelectrochemical properties of,

176�178

polymer matrix for, 39

recent computational advances, 128�130,

130f

recent trends, 249

resistive switching in, 254�262

complex oxide nanofibers, 261�262

core�shell nanowires, 262�270

CuO, 258

Nb2O5, 261

NiO, 254�257

TiO2, 257�258

VO2, 261

WO3, 261

zinc oxide, 258�261

synthesis of, 71�79, 114�121, 115f

advanced microfabrication and

nanofabrication strategies, 120�121

barium titanate, 72�73

copper oxide, 73�74, 74f

ferric oxide, 75�77, 76f

NiO, CeO2

physicochemical route, 115�116

spinning technique, 116�120

and NiO-CeO2 composite nanofibers,

77�78, 79f

silica, 71�72

tin oxide, 71

titanium dioxide, 78�79

tungsten oxide, 74�75, 75f

zinc oxide, 78�79

thermoelectric MONFs device concept

and characterization, 417�420, 418f

thermoelectric MONFs processing

technology, 396�417

chemical bath deposition, 402�405

chemical spray pyrolysis, 409�411

electrochemical oxidation, 414�416

electrospinning, 397�402

glass-annealing method, 416�417

microlithography and nanolithography,

411�414

template-assisted deposition, 406�409

as water purifiers, 175�178, 177f

Metal oxide nanofibrous photocatalysts,

203�205, 204f

Metal oxide/carbon nanofibers/conducting

polymer composites, 381�383

Metal oxide/carbon-based composites,

372�381, 377f, 379f

Metal oxide/metal oxide composites,

371�372, 373f

Metal oxide�based biosensors, 122

Metal-doped NFs, 150

Metal�insulator�metal (MIM), 250,

266�267

Metallic nanofibers, preparation of, 15�16

Methane (CH4), 191�192

Microelectromechanical systems (MEMS),

411�412

Microemulsion, for nanofiber synthesis, 116

Microlithography and nanolithography,

411�414, 413f

Mixed ionic-electronic conductor (MIEC),

304�306, 324�327, 324f, 326f

Model development, 325�326

Model results, 326�327, 326f

Molten salt synthesis, 228

Morphotropic phase boundary, (MPB), 219

Multineedle electrospinning technology,

16�18, 18f

modifications of, 18�19

N

NaCo2O4 nanofibers, 398�400, 400f

Nanocarving, 3

Nanofiber vs. conventional solid oxide fuel

cell electrodes, 311�319

Nanofibers, 3, 113

characteristics of, 31

defined, 65

in electronic devices, 159�161

features, 114

in-fiber pores, 43�46

inherent properties of, 159

interfiber pores, 43�46

and nanowire synthesis, 355f

nonelectrospinning techniques, 65�70

of polylactide blends, 104�105

production techniques, 65

solvent vapor treatment of, 52

welding of, 52�53

Nanofibrous particulate matter filter,

198�200

Nanofillers, 90
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Nanogenerators, 231�235, 231f

fabrication procedure of, 233f

Nanomaterial, defined, 65

Nanotechnology, 173

National Science Foundation, 65

Nb2O5, 261

Needleless spinning technology, 16�18

Nickel(II)oxide (NiO), 254�257, 340�343,

365�366

NiO composite nanofiber, 77�78, 79f

NiO-CeO2 composite nanofiber, 77�78, 79f

Nitrogen oxides (NOx), 191�192

Nitrogen-doped carbon-coated Ni

nanofibers, 15�16, 17f

Nonelectrospinning techniques, for

nanofibers, 65�70

centrifugal spinning, 69�70

drawing method, 67�68, 69f

plasma-induced, 67, 67f

solution blow spinning, 66�67

template synthesis, 68�69

Nonelectrospinning, for fabrication of

MONFs, 120

Nonvolatile random access memory (NV-

RAM), 257

O

Ohm’s law, 325

One dimenstional nanostructured

ferroelectric, and piezoelectric

materials, 227t

One-dimensional (1D) material, 254,

278�279, 284�286

nanostructures, synthesis of, 220

Organic polymers, 7�8

Oxide one-pot synthesis (OOPS) process,

10�11

Oxygen reduction reaction (ORR), 301�303,

323

Oxygen storage components (OSC),

201�202

Ozone (O3), 191�192

P

Palladium (Pd)-loaded SnO2 NFs, 150

PANI/TiO2 nanofibers, 92

PANI/zinc oxide (ZnO) nanofibers, 91�92,

92f

Particulate matter (PM), 191�192

Patent ductus arteriosus (PDA) coating,

184�185

Percolation threshold, 304

Perovskite, 305

Perovskite-type metal oxides (ABO3), 368

Phase separation, for nanofiber synthesis,

116

Photoanode, 284�286, 285f, 291f

Photocatalysis, 203�205, 204f

Photocatalytic oxidation (PCO), 203�204

Photoconversion efficiency (PCE),

277�279, 284�288, 293�294

Photocurrent, generation of, 284

Photolithographic technology, 412

Photovoltage, generation of, 281�283

Photovoltaic (PV) cells, 277�284, 286�287,

289�290, 292�294

one-dimensional nanomaterials in, 278f

sensitized photovoltaic cells, n-type doped

nanofiber photoanode for, 290t, 292t

Physicochemical route, for MONF

fabrication, 115�116

Piezoelectric materials, 215�216

inorganic, 216�220

material and structural characterizations,

229

potential applications, 231�237

high-energy-density storage devices,

236

nanogenerators, 231�235, 231f

structural health monitoring, 236�237

Piezoelectric nanogenerator, 231�235, 231f

Piezoelectric NFs, material and structural

characterizations, 229

Piezoelectricity, 216

Piezoforce microscopy (PFM), 230

PLA/TiO2 nanofibers, 101�102, 102f

Planck’s law, 419�420

Plasma-enhanced chemical vapor deposition

(PECVD), for nanofiber synthesis,

116

Plasma-induced technique, 3, 67, 67f

Platinum (Pt)�chromium oxide (Cr2O3)�
tungsten oxide (WO3) composite

NFs, 149

Point-of-care immunosensor device,

125�126, 126f

Poly (methyl methacrylate) (PMMA), 340

Polyacrylic acid, 34
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Polyacrylonitrile (PAN), 7�8, 34, 46, 362,

373�376, 378�381, 397

Polyaniline (PANI), 90�92, 92f

Polyaniline composite, electrospun fibers of,

181

Polydimethylsiloxane (PDMS), 232

Polyethylene oxide (PEO), 7�8

Polyhydroxyalkanoates (PHAs), 97�101

Polylactic acid (PLA), 97�100

Polymer matrix polyvinylidene fluoride

(PVDF), 236

Polymeric nanocomposites, 89

Polymer�metal oxide composite fibers, for

water treatment, 179�186

Polymers

biodegradable vs. bio-based, 98t

biopolymers, 97�105

category of, 90

elastomers, 93�96

electroactive, 90�93

Polymetallic oxides, 368�370

Polymethyl methacrylate (PMMA), 34,

411�413

Polypyrrole (PPy), 376, 381�383

Polystyrene (PS), 7�8

Polyvinyl acetate (PVAc), 34, 362, 366�368

Polyvinyl alcohol (PVA), 7�8, 34, 97�100,

336�338, 366, 400

Polyvinyl butyral (PVB), 7�8

Polyvinyl pyrrolidone (PVP), 6�8, 34,

140�141, 336�338, 340�344,

348�349, 354�355, 362�363,

365�368, 398�399

Polyvinylidene fluoride (PVDF) nanofiber,

52�53, 343�344

Porosity, of filter medium, 194�195

Porous tin oxide (SnO2) NFs, 144

Precursor solution, 309

PrFeO3 hollow nanofibers, 144�145, 147f

Pristine and Rh-doped SnO2 NFs, 152�153

Pristine metal oxide nanofibers, 144�145

Pseudomonas aeruginosa, 178

Pt-doped In2O3 porous NFs, 151�152

PU nanofibers, 94�96

PU/CuO composite nanofibers, 94�95, 95f

XRD patterns of, 96f

Q

Quartz (SiO2), as piezoelectric material, 218

R

Ract, 312

Radio frequency (RF), 403�405

Raman spectroscopy, 229�230

atomic force microscopy, 230

Recent trends, 249

Reduced graphene oxide (rGO), 145�147

Remember every situation encourages

transmission (RESET), 250�251

Resistive random access memory (RRAM),

257

Resistive switching, 250�253, 250t, 253f,

255t

operation modes of, 252f

rGO/SnO2 nanofibers, gas-sensing

mechanism of, 148�149, 148f

Ruddesdlen�Popper (RP), 306, 318�319

Ruthenium oxide (RuO2), 248, 362�363,

371�374, 378�380

S

Scanning electron microscopy (SEM), 260f,

335f, 343f, 366, 409�410, 410f, 411f,

414, 416

Seebeck coefficient, 398�401, 406, 417,

419�420

Selected area electron diffraction (SAED)

pattern, 123, 125f

Side-by-side electrospinning method, 43

Silica (SiO2) nanofibers, 71�72

Silica microfibers and nanofibers, 186f

Silicon oxide and silicates, 339f, 343�344

Silver (Ag)-doped LaFeO3 NFs, 153

Single electron transistor (SET), 250�251

Single metal oxides, 362�368, 364f, 367f

Single-fiber mechanisms, 193, 193f

Single-needle electrospinning method,

16�18

Sintering. See Calcination

SiO2 nanofibers, 53�54

SiO2 nanoparticle aerogels, 53�54

SnO2 NF, 150

SnO2�indium oxide (In2O3) composite NFs,

149

Sodium chloride (NaCl), 74

Soft dielectric EAPs, 90�91

Solar cells, metal oxide nanofibers in

photoanode in, 284�286, 285f

reducing energy trap states, 286�294
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Solar cells, metal oxide nanofibers in

(Continued)

composite fibers, 293�294

Fermi energy level, 288�289

homovalent ion substitution, 292�293

improving crystallinity through high

sintering, 287�288

n-type doping induced diffusion

coefficient improvement, 289�290

p-type doping induced schottky-barrier,

291�292

role of nanofibers in, 277�279

sensitized photovoltaic cells,

photoconversion mechanism in,

279�284

charge extraction and transport, 283

excitation of electrons, 280�281

generation of photocurrent, 284

generation of photovoltage, 281�283

Solar energy conversion, 279f

Sol�gel electrospinning process, 15

hydrolysis and condensation reaction, 9f

precursor solution for, 8�11

Sol�gel method, 399�400

for nanofiber synthesis, 116

Sol�gel template synthesis, 228

Solid oxide fuel cells, metal oxide

nanofiber-based electrodes in, 301f,

302f

electrospinning, 307�311

electrode preparation, 307�310

typical electrode structures, 310�311

nanofiber solid oxide fuel cell electrodes,

structure-performance relationship in,

319�327

electrochemical impedance

spectroscopy, 319�324

infiltrated mixed ionic-electronic

conductor nanofiber electrodes, one-

dimensional pseudohomogeneous

model of, 324�327

nanofiber vs. conventional solid oxide fuel

cell electrodes, electrochemical

performance of, 311�319

cobalt-based metal oxides, 315�317

cobalt-free metal oxides, 318�319

strontium-doped lanthanum manganite,

313�315

state-of-the-art architectures and materials

for, 303�307

anode materials, 306�307

cathode materials, 305�306

electrode architectures, 304�305

Solution blow spinning (SBS), 66�67, 73f

Solution mixing method, 180

Solvent vapor treatment, 52

Solvents, 140�141

Specific operating temperature, 52�53

Spinel structure (AB2O4), 369�370

Spinning technique, for fabrication of

MONFs, 116�120

electrospinning, 117�120

nonelectrospinning, 120

Spray pyrolysis technique, 411

Staphylococcus aureus, 178

Strontium-doped lanthanum manganite,

313�315, 313f, 314t

Structural health monitoring, 236�237

Sulfur dioxide (SO2), 191�192

Supercapacitors, electrochemical

performance of, 361

Surface filtration, 192�193, 193f

Synthesizing composite nanofibers, 401f

T

Taylor cone, 5�6, 5f, 159�160

Template synthesis, 68�69

Template-assisted deposition, 406�409

Thermal expansion coefficient (TEC),

306�307

Thermoelectric energy conversion system,

395�396

Thermoelectric module, 395

3-aminopropyltriethoxysilane (APS), 236

Three-dimensional fibrous aerogels, 53�54,

54f

Three-dimensional (3D) printing technique,

120�121

Three-phase boundary (TPB), 302�305,

311�314, 326�327

Three-way catalyst (TWC), 201�202

Tin oxide (SnO2) nanofibers, 71, 344

Titanates, 344�347

Titanium dioxide (Ti2O), 248�249,

257�260, 265, 287�290, 293�294,

368, 371�372, 376
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effect of heat treatment temperature on,

142f

for electronic devices, 161

nanofibers, 34�35, 48f

photocatalysis process of, 175�176

Titanium dioxide (TiO2)-SnO2 C�S

composite NFs, 149

Titanium dioxide nanofibers, 78�79, 125f

for biosensing, 123

for esterified cholesterol sensing, 124f

Titanium oxide (TiO2), 344�347, 345f

Transmission electron microscope (TEM),

258�260, 347f, 348�349, 366,

399�400, 416�417

x-ray diffraction patterns, 406f

Transparent conductive electrodes (TCEs),

161�162

Triethanolamine (TEA), 9�10, 10f

Triisopropanolamine (TIS), 9�10, 10f

Tungstates, 348�349

Tungsten oxide (WO3) nanofibers, 74�75,

75f, 348�349

24-needle electrospinning system, 18�19,

19f

Typical electrode structures, 310�311

U

Ultraviolet (UV), 411�412

Ultraviolet light-activated gas-sensing, 147f

Unipolar resistive switching (URS), 251, 257

Uric acid biosensor, 124�125

V

V2O5, 363�365

Valence band maximum (VBM), 282�283

Vanadium oxide, 349�351

Vapor�liquid�solid (VLS), 3, 257

Vertical electrospinning, 117�118

VNernst, 312

VO2, 261

Volatile organic solvents, 140�141

W

Water pollution, 173

Water treatment

metal oxides in, 174�175

polymer�metal oxide composite fibers

for, 179�186

WO3, 261

World Health Organization (WHO), 191

X

X-ray diffraction (XRD), 229, 407�408

Y

Yttria-stabilized zirconia (YSZ), 302�303,

313�315

Z

Zinc oxide (ZnO), 248�249, 258�261,

287�288, 293�294, 352�354

as antimicrobial agent, 178

for electronic devices, 161

nanofibers, 78�79

for biosensing, 123�126

FE-SEM images of, 127f

as piezoelectric material, 218

as sensing material, 144, 146f

Zirconate fibers, 353f, 354�356

Zirconatrane, 10�11, 11f

ZnO-SnO2 NFs, 150, 151f

ZrO2/PVP composite nanofiber, 11, 12f
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