Index
a d
alloy nanoparticles with high-index facets 73 4-dimethylaminopyridine (DMAP) stabilized
- Fe-Ni 77-79 Au nanoparticles 217,236
- Pd-Pt  74-76 — adsorption on polycrystalline Au  219-226
- Pt-Rh  76-77 — adsorption on single crystal Au surfaces
anodization 104 229-9231
— competitive adsorption effects 226-229
b — directed growth 231-235
benzotriazole (BTAH) film formation direct formic acid fuel cell (DFAFC), anode
353-354 catalysts for FAOR
biomolecular sensing 287 — Pt multipods, discs, and hexagons 187, 188
— Pt Y-junction, Pt nanowires and Pt/C 188,
9 189
capping agent adsorption for nanoparticles, direct hydrogen fuel cell (DHFC), cathode
see nanoparticle capping agents catalysts for ORR
carbon monoxide adsorption on platinum _ star-like Pt nanowire/C and Pt/C
40-43 178-180
carbon nanotubes (CNTs) — supportless Pt nanotubes and Pt/C 177
— energetics of ion insertion 261 direct methanol fuel cell (DMFC), anode
- Li*jonsin 251 catalysts for MOR
cetyltrimethylammonium (CTAB) = 212 ~ PtDNTs, Pt SNTsand Pt/C 184, 187
chemical enhancement theory 275 — SnN'W and Pt/C 183
chemical templating  172-174 — Pt nanowires/TiO2 and Pt/C 181, 182
citric acid 208
— adsorption on Au(111) electrodes 208 e
— stabilized Au nanoparticles 210 EC-SERS aptasensor 286
CO charge displacement 15-18 electrically-conductive plasmonic substrates
copper (Cu) NPs  81-83 278-279
Coulomb potential screening electrocapillary equation, application of
— along the axis 255 32-34
— effective image radius 257 electrocatalysis
crystal orientation and rotation — carbon monoxide on platinum 40-43
— Miller indices 11 — oxygen reduction reaction 43-47
— stepped surface 10 — parameters 40
cuprous oxide (Cu,O) 84-88 electrocatalytic activity 389-393
cyclic anodization (CA) 104 electrochemical melting 286
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electrochemical milling and faceting (ECMF)
72-73

electrochemical reactions 374-375

electrochemical SERS  282-284

electrochemical SPR and LSPR  279-281

electrochemical treatment 123

electrochemistry application, in SHINERS
350-351

electrochemistry-mediated shape evolution
71-72

electrodeposition, nanohole array fabrication
304-307

electromagnetic enhancement theory 275

electrooxidation processes, in situ
investigation

— SHINERS 357-359

electrospinning method 159, 160

electrostatic interactions, nanotubes
250-251

f
Fe-Nialloy NPs  77-79
fluorine containing buffer solution 116

gold nanotubes

— energetics of ion insertion  262—264

— Li+ionsin 251

gold single crystal electrode fabrication 203
graphene oxide nanosheets 126-—128

h

hard anodization (HA)
hard sphere model

— kinked surfaces 8
— stepped surfaces 7
high surface energy

— alloy nanoparticles
— FeNPs 79-81

— metal nanoparticles
high-index facets

— Fe-Nialloy NPs  77-79

— metal nanoparticles

— — hhl facets 66-69

— — hkk facets 66

— — hkl facets 69-71

— — hkO facets 61-66

— — surface energies 60

Pd-Pt alloy NPs  74-76

— Pt-Rhalloy NPs  76-77

H,Ti3O; nanowires 101

hydrofluoric acid aqueous solution 116

104

73-74

60-61

i

ion insertion

— band structure of nanotubes
—inCNTs 261

— in gold nanotubes 262

— optimum position 259-261
ionic charge, nanotubes  252-253
ionic liquids (ILs) 354-357

iron (Fe) NPs 79-81

isolated mode vs contact mode

— chemical environmental contact
— electrical contact with surfaces

— probe molecules contact 343

255

342
342

/

Lang, Joyner, Somorjai (LS])
nomenclature-Miller indices relationship,
for stepped surfaces 6

laser induced temperature jump method
34-40

laser-induced potential transients

lead sulfide (PbS) 89-90

local quantum capacitance

— and charge impurity effect

— graphene 394-396

local redox reactions, with PECM  380-381

localized surface plasmon resonance (LSPR)
272

low-index facets

36-38
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— CuNPs 81-83
— FeNPs 79-81
— PtNPs 83-84
m

metal evaporation, nanohole array fabrication
301-304

metal nanoparticles

— electrochemical milling and faceting
(ECMF) 72-73

electrochemistry-mediated shape evolution
71-72

high-index facets

— — hhl facets 66-69

— — hkk facets 66

— — hkl facets 69

— — hkO facets 61

— — surface energies 61

— low-index facets

— — CuNPs 81-83
— — FeNPs 79-81
— — PtNPs 83-84



271,272
277

metal-enhanced fluorescence (MEF)

— anisotropic fluorescence emission

— applications 278

— electrochemistry 284

— fluorescence intensity 276

— Jablonski diagram 276

— nanohole arrays and thin metallic films

— radiative and nonradiative relaxations

— selection of plasmonic material 277

metalorganic chemical vapor deposition
(MOCVD) approach 161, 162

metallic alloy nanoparticles, see alloy
nanoparticles with high-index facets

mild anodization (MA) 104

Miller indices 2

— with Lang, Joyner, Somorjai nomenclature,

for stepped surfaces 7
— crystal orientation and rotation 11

277
276

n

nanocavity patterned electrodes

— enhanced fluorescence 325

— nanohole array fabrication

— — bottom up approach 299, 300

— — electrodeposition 304, 305, 307

— — metal evaporation 301, 303, 304

— — top down approach 295-299

— photoelectrochemistry 325

— plasmonics

— — nanohole arrays  307,309-311

— — sphere segment void (SSV) structure

310, 311, 313, 314

— — surface plasmons 307

— Raman spectroscopy 314

— surface enhanced Raman spectroscopy
316, 317

— surface plasmon resonance (SPR) 325, 326

nanochannel-directed templating 164

— hard templates 164, 165,167 169

— soft templates 169-171

nanodendrite growth 128-130

nanoflower growth 130-135

nanohole arrays

— fabrication

— — bottom up approach 299, 300

— — electrodeposition 304, 305, 307

— — metal evaporation 301, 303, 304

— — top down approach 295-299

— plasmonics 310

nanoparticle capping agents 199

— anisotropic nanoparticle growth 201

— citric acid

Index
— — adsorption on Au(111) electrodes 208
— — stabilized gold nanoparticles 210
— Gibbs excesses
— — acid/base forms 205
— — co-adsorbed capping agents 207

— gold single crystal electrode fabrication
203

— multifunctional role

— pyridine derivatives

— — 4-dimethylaminopyridine (DMAP)

— — 4-methoxypyridine stabilized Au

nanoparticles 236

— — adsorption of DMAP on Au 219, 230

— — competitive adsorption effects 226

— — directed growth 231

— — electrosorption 217

quaternary ammonium surfactants

— strength and use 202

nanoparticles

— cuprous oxide 84

— electrochemical milling and faceting
(ECMF) 72-73

— electrochemistry-mediated shape evolution
71-72

— high-index facets

— — hhl facets 66

— — hkk facets 66

— — hkl facets 69-71

— — hkO facets 61-66

— —Fe-Ni 77-79

— — Pd-Ptalloy 74-76

— — Pt-Rhalloy 76-77

— — surface energies 61

199

217

212

— lead sulfide (PbS) 89-90

— low-index facets

— — CuNPs 81-83

— — FeNPs 79-81

— — PtNPs 83-84

nanoplate growth 121, 122

nanorods 108-110

nanosheet growth, graphene oxide 126-128
nanotubes

— applied cell voltage 115

— in contact with ionic liquids 264266

Coulomb potential screening  255-259
— electrochemical anodization 115

— electrostatic interactions 250-251

— energetics of ion insertion

- —inCNTs 261

— —ingold 262

— — optimum position 259-261

— fluorine concentration 116-117
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nanotubes (contd.)

— length and diameter 117-119

— low and high magnification of TiO2 114

— low and high magnification SEM images
114

— modification of TIO2 119-121

— TiO2 electrodes 120

— ion insertion on band structure 253-255

— ionic charge 252

— ionizationin 248-249

— Li+ ions in carbon and gold nanotubes

— model 266

nanowires 98-108

— annealing 101

— H2Ti307 99-104

— hydrothermal synthesis method 99

— Na2Ti6013 99-104

— thermal oxidation treatment

— TiO, 99-104

— using porous anodic alumina (PAA)
templates 104-106

nonaqueous electrolytes containing fluorine

salt 116-117
nonpolar capping agents

106-108

200

o
one-dimensional (1D) nanostructured
materials

— nanorod arrays 108
— nanotubes
— — applied cell voltage 115

— — electrochemical anodization 115

— fluorine concentration 116

— length and diameter 117

— low and high magnification SEM images
114

— — modification of TiO, nanotubes

— nanowires, see nanowires

one-dimensional (1D) Pt nanostructures

electrocatalyst for PEMFCs, see polymer

119

electrolyte membrane fuel cells (PEMFCs)

multipods 174-176

— nanotubes 161-174

— — chemical templating 172-174

— — nanochannel-directed templating, see
nanochannel-directed templating

— physical templating 163-164

— nanowires and nanorods

— — electrospinning method 159, 160

— — MOCVD approach 161, 162

— — template-assisted approach 148-151

— template-free chemical routes 151-155

— template-free, surfactant-free chemical
routes 155-159

251

— shape-controlled synthesis 146—148

— symmetric fec structure 148

oxidation and reduction cycling (ORC) 339
oxygen reduction reaction (ORR)

— activity of different electrodes 45

— electron transfer 43

— linear sweep voltammograms 44

— rotating disk electrode (RDE) 43

— schematic process 43

— Tafel slopes 46

p
Pd-Pt alloy NPs  74-76

physical templating 163-164
plasmonic biosensing  285-287
plasmonic spectroelectrochemistry 278
— electrochemical SERS 282-284
— electrochemical SPR and LSPR  279-281
— metal-enhanced fluorescence (MEF)
electrochemistry 284-285
plasmonics
— EC-SERS 286
— electrically-conductive plasmonic substrates
278
— electrochemical melting 286
— ESPR for pathogenic DNA detection
287
— localized surface plasmon resonance (LSPR)
272
— metal-enhanced fluorescence (MEF)
272,276
— nanohole arrays, 307 309-311
— Raman scattering 271, 272, 274
sphere segment void (SSV) structure 310,
311, 313, 314
surface plasmon resonance (SPR)
278, 307
plasmonics based electrochemical current
microscopy (PECM)
— current and SPR signal relationship
375-376
current detection limit  383-386
— electrocatalytic activity, single nanoparticles
389

271,

271,272,

— electrochemical reactions 374-375
— experimental setup 379
— local redox reactions  380-381

— spatial resolution 383-386

— square wave voltammetry (SWV) 386

— trace chemical detection 381-383

plasmonics based electrochemical impedance
microscopy (PEIM) 377-379

— experimental setup 394

— local quantum capacitance



— — charge impurity effect 398

— — of graphene 394-396

— quantum capacitance 396-398

platinum (Pt) NPs  83-84

platinum single crystal 9

— potential of zero charge, see potential of zero
charge (pzc)

— preparation

— — decontamination 12

— — kinked surface with Miller indices 11

— — melting 9

— — particle size 12

— — process 9

— — stepped surfaces in zone 11

— — stereographic projections 9

— — surface cleaning 12

— voltammetry, see voltammetry, of platinum

polymer electrolyte membrane fuel cells

(PEMECs) 176
— DFAFC, anode catalysts for FAOR

185-189

— DHEFC, cathode catalysts for ORR 177,
178, 180

— DMFCs, anode catalysts for MOR, 187
181-183

— reaction mechanisms 176, 177
porous anodic alumina (PAA) membranes
104-106

— AFM and SEM images 107

potential of zero charge (pzc) 24

— application of electrocapillary equation
32-34

— charge distribution 27

— CO charge displacement with integration of
voltammogram 29

— electrocapillary equation 24, 26

— model for estimation 32

— polarizable and non-polarizable interphases
26

— total charge curves in coulometric analysis
29

Pt multipods 174—176

Pt nanotubes 161-174

— chemical templating 172-174

— multipods 175

— nanochannel-directed templating

— — hard templates 164, 165,167 —169

— — soft templates 169-171

— physical templating 163—-164

Pt nanowires and nanorods

— electrospinning method 159, 160

— MOCVD approach 161, 162

— template-assisted approach 148-151

— template-free chemical routes 151, 153

Index

— template-free, surfactant-free chemical
routes 155-159

Pt-Rh alloy NPs  76-77

pulse anodization (PA) process

pyridine adsorption 351-353

104

q

quantum capacitance 396-398

quaternary ammonium surfactants

— cetyltrimethylammonium 212

— halide Co-adsorption on gold single crystals
214-215

— implications for nanoparticle systems
215-216

— model surfactant adsorption on gold single
crystals  212-214

r

Raman scattering, see surface enhanced Raman
scattering (SERS)

Raman spectroscopy

— intensity of Raman bands 315

— resonant Raman scattering 315

— selection rules 315

— SERS, see surface enhanced Raman

spectroscopy (SERS)
— vibrational modes 315

S

scanning electrochemical microscopy (SECM)
373

self-organising approaches, nanohole array
fabrication 299

semiconductor nanowires, see nanowires

shell-isolated nanoparticle-enhanced Raman
spectroscopy (SHINERS)

— isolated mode vs contact mode

— — chemical environmental contact 342

— — electrical contact with surface 342

— — probe molecules contact 343

— application of 350

— benzotriazole (BTAH) film formation

probing for 353

— electrooxidation processes

— — in situ investigation 357-359

— ionic liquids (ILs) 354-357

— oxidation and reduction cycling (ORC)

— pyridine adsorption 351-353

— quantitative analysis 359-361

— SHINs

— — characterization of 348-350

— — synthesis of 345-348

— surface-enhanced Raman scattering (SERS)

340

339
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shell-isolated nanoparticle-enhanced Raman
spectroscopy (SHINERS) (contd.)

— tip-enhanced Raman spectroscopy (TERS)
341

— 3D-FDTD simulations 343-345

shell-isolated nanoparticles (SHINs) 341

— characterization of 348-350

— synthesis 345-348

single Pt nanoparticles, electrocatalytic
current 390-393

sphere segment void (SSV) structures 319,
321,323

square wave voltammetry (SWV) 386-—389

square-wave potential method, metal NPs
71

surface crystallography

— atomic structure of basal planes 4

— cutting process in 2D 2

— hard sphere model

— — kinked surfaces 8

— — stepped surfaces 8

— in stereographic projection 3, 4

— LSJ nomenclature-Miller indices
relationship 6

— Miller indices 2

— platinum basal planes 6

— stepped surfaces 6

— stereographic triangle 4,5

surface electrochemistry

— crystallography

— — atomic structure of basal planes 4

— — cutting process in 2D 2

— — hard sphere model 8

— — in stereographic projection 3, 4

— — LSJ nomenclature-Miller indices

relationship 6

— — Miller indices 2

— — platinum basal planes 6

— — stepped surfaces 6

— — stereographic triangle 4,5

— electrocatalysis

— — CO on platinum 40

— — oxygen reduction reaction 43

— — parameters 40

— laser induced temperature jump method
34

— with Pt electrodes, see platinum single
crystal

surface energy 146

surface enhanced Raman scattering (SERS)
271,272,274

surface enhanced Raman spectroscopy (SERS)

316

applications in electrochemisty 324

— at sphere segment void (SSV) surfaces 319,
321, 323

— chemical enhancement 316

— electromagnetic enhancement 316, 317

— on nanohole arrays 318-320

— surface selection rule 317

surface plasmon (SP) wave 271

surface plasmon coupled emission (SPCE), see
metal-enhanced fluorescence (MEF)

surface plasmon polaritons, see surface
plasmons

surface plasmon resonance (SPR) 271, 373

— and LSPR, electrochemistry 279

— binding events 272

— classification 272

— detection of biomolecules

— nanohole arrays 274

— nanocavity patterned electrodes

274

surface plasmons 307

surface-enhanced fluorescence, see
metal-enhanced fluorescence (MEF)

surface-enhanced Raman scattering (SERS)

340, 342

analyte absorbed onto metal surface

applications 275

electromagnetic and chemical enhancement
theories 275

— sensors 275

272

325, 326

— Sensors

274

t

thermal oxidation treatment, TiO, nanowires
106-108

3D-FDTD simulations 343-345

three dimensional (3D) nanomaterial growth

— nanodendrites 128-130

— nanoflowers 130-135

— — hydrothermal time 132

— — structures 134

TiO2 nanowires

— hydrothermal method 99

— thermal oxidation treatment 106-108

tip-enhanced Raman spectroscopy (TERS)
341, 342
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— graphene oxide nanosheets 126-128 — potentials 14

— nanoplate 121-126 — stepped surfaces 18

— — bifunctional electrode 125
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