Index

a

activation energy 44, 45

active site/facet mapping 82, 83

angle resolve photoemission
spectroscopy 199

anodization 124

anti-Stokes Raman scattering 210, 211

Arrhenius law 218

atomic force microscopy (AFM) 49,
57, 60, 89, 108, 233

attenuated total reflectance (ATP) 216,
245

Avogadro number 265
b
beam expander 274

bimetallic oxide photocatalysts 141
Blink microscopy 67
Bragg law 192, 194

Bragg reflection 193

C

carbon fiber electrodes (CFEs)
129

carbon nanoelectrodes 263

catalytic activation energy 44

charge-coupled device (CCD) camera
147,197, 198, 221

chemical enhanced theory 212,213

chemical vapor deposition (CVD) 263

coherent X-ray diffraction imaging
X-ray holograph 196

Constable—Cremer law 44

core-shell nanoparticles 226, 227

124,

cresyl violet 51-54

cyclic voltammetry (CV) 109, 123,
236, 261

cyclic voltammograms 50, 52, 53, 115,
132

d
dark-field microscopy (DFM)
detuning technique 195
diffraction microscopy 199
digital holography microscopy (DHM)
273
single particle electrochemistry
275-278
3D-superlocalization of nanoparticles
273-275
and UME 277-278
direct detection of plasmonic
nanoparticles 156
direct electrochemical detection
method 109
direct electrodepositing 121-123
direct STORM (dSTORM) 67

154-155

double crystal monochromator 192,
193
duplex specific nuclease (DSN) 272

e
e-beam lithography 222
electric field enhancement effect 218

electroactive radii of substrate 125,
127
electrocatalysts 4, 5, 50, 54, 56, 86—87,

130, 131, 137, 139

Single Particle Nanocatalysis: Fundamentals and Applications,

First Edition. Weilin Xu, Yuwei Zhang, and Tao Chen.
© 2019 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2019 by Wiley-VCH Verlag GmbH & Co. KGaA.

283



284

Index

electrocatalytic amplification method
269, 271, 272

electrocatalytic amplification mode
266

electrochemical cell coupled 52

electrochemical double layer (EOL)
219

electrochemical microflow cell 56

electrochemical oxidation 51, 121,
171, 223

electrochemical reactions 4, 52, 54, 57,
219-220, 225, 261, 264-266, 271,

272

electrochemical redox process 219,
220

electrochemical reduction 51, 129,
226, 264, 272

electrochemical SERS/TERS
(EC-SERS/TERS) 219-220

electrochemical TERS (EC-TERS)
236-238

electromagnetic enhanced theory
211-212

electromagnetic radiation 107, 181,
185, 198, 209

electromagnetic wave 208, 210,
211

electron beam lithography 111-113

electron-multiplying charge-coupled
device (EMCCD) 50, 54

electropolymerization 111

energy selection 192-194

enhanced infrared (IR) spectroscopy

244
enhanced Raman scattering 5, 208,
211, 232
enhanced Raman spectroscopy (ERS)
207
electrochemical reactions 219-220
hot spots  213-216
light vs. metal nanostructure
208-209
light vs. molecules 209-211
metal nanostructure vs. molecules
211-213
model chemical reactions 216-217

plasmon assisted catalysis 217-219
principles of 208-216

extended nanospace 91

extended x-ray absorption fine structure

(EXAFS) 184,186,187

f

Faraday’s constant 127, 134, 149

Faraday’s law of electrolysis 54, 60

film over the nanospheres (FON) 222

fluorescence photoactivation
localization microscopy
(EPALM) 67

focused ion beam (FIB) milling 222

full-field transmission X-ray microscopy
(full-filled TXM) 196, 197

full width at half-maximum (FWHM)
64

9

gamma distribution 18, 21

glass-coated electrode 113, 114

gold nanoparticles 26, 28, 29, 76,
159-161, 224, 225, 228, 255, 257

ground-state depletion (GSD)
microscopy 65

h

half-wave plates 274

heating effect 218, 232

highly oriented pyrolytic graphite
(HOPG) 121,125

high-resolution transmission electron
microscopy (HRTEM) 163

hot electron injection effect 218-219

hot spots 207, 213-218, 224

hydrogen evolution reaction (HER) 5,
130, 133-137, 263

]

illumination geometries 234-235

imaging chemical reactions 87-91

indirect detection of plasmonic
nanoparticles 156

in-situ X-ray spectroscopy 182, 187

inverse Fourier transformation 199



inverted deposition technique 123

IrOx NP 130-133

k

Kirkpatrick-Baez (KB) mirrors 190,
203

/

Langmuir—Hinshelwood equation 26,
38, 82

Langmuir—Hinshelwood mechanism 3
for competitive heterogeneous
catalysis 31
for noncompetitive heterogeneous
catalysis 23-30
to oligomeric enzymes 35
29-30
for product formation 24-26
production dissociation for,
two-pathway model 27-29
Langmuir—Hinshelwood models
nanocatalyst at subparticle level
42-44
non-competitive applications 35-40
Pt nanocatalyst reactions 41-42
Laplace transform 14, 149
laser interference lithography (LIL)
222
layered double hydroxides (LDH) 2,
69,72
linear scanning voltammetric (LSV)
262
localization microscopy,
super-resolution imaging

overall turnover rate

66—-68
localized surface plasmon resonance
(LSPR) 146
electron injection and spillover 152
experimental strategies 155-156
indirect strategies 163
plasmon coupling 153
PREF 153-154
sensing, principle of 150-152
single gold nanoparticles 159-161,

166

Index

single-particle catalysis/reaction
156-174
longitudinal surface plasmon resonance
(LoSPR) mode 255
lowest unoccupied molecular orbital

(LUMO) 216

LSPR Dark-field microscopy (DFM)
154, 155

m

magnetic force microscope (MFM)
108

Maxwell-Boltamann distribution
210

metal nanoparticle (MNP) 3, 4, 41,
76-79, 108, 124

metal-oxide electrodes 230, 231

Michaelis—Menten equation 9, 10, 13,
16-18, 22
Michaelis—Menten kinetics
in absence of dynamic disorder
9-13
with dynamic disorder 13-19
for fluoregenic reaction 21-22
multistate model 16-19
two-state model 14-16
Michaelis—Menten mechanism
coupled with multiple product
dissociation pathways 32
product dissociation process
32-33
product formation process 33-34
micrometer-and submicrometer-sized
objects 189
micrometer-resolved XAFS
spectroscopy 186, 187
microprobes 188-191
soft X-rays and hard X-rays
187-188
X-ray beam 191-196
microprobes, X-rays 188-191
microreaction cell 54
microvoltammetric tip electrode 111
micro zone plate (MZP) 196, 197
monochromator 183, 186, 192-196
multilayer laue lens (MLL) 191

285



286

Index

n
nanocatalysts 1, 3, 9-46, 68, 79, 80
nanochemistry 91
nano-confinement effects 91
nanoelectrodes
preparation of 111-113
for single particle electrocatalysis
261-264
nanofluidics 91
nano-impacts 264
nanoimprinting 222
nanometer accuracy by stochastic
catalytic reactions (NASCA)
68,73
nanoparticle 32
blockage 267
coulometry method 268, 269
mechanical transfer of 123-124
nanopipette 263
nanopositioning stage 221
nanosphere lithography (NSL)
223,225
nano-XAFS 203, 204
near-field scanning optical microscopy
(NSOM) 64
Nernst equation 134
Nile Blue (NB) molecules 220
nonplasmonic materials 161
numerical aperture 58, 64, 149, 190

222,

(o]

optical super-resolution (SR)
techniques, principle 63-68

oxidation and reduction cycle(s) (ORC)
223

oxygen reduction reaction (ORR) 5,
137, 228, 261

catalysts screening 137-141

p
PALM with independently running

acquisition (PALMIRA) 67
PEEM, SPEM and nano-ARPES
198-199
photo-activated localization microscopy
(PALM) 67

photodetectors 2
photo(electro)catalyst, design  84—86
photogenerated charge separation
82-84
photoluminescence (PL)
directly observation of chemical
reactions 258-260
of gold nanoparticles 255-257
revealing plasmon-enhanced catalysis
257-258
plasmon assisted catalysis 217-219
plasmon-assisted chemistry 218, 219
plasmon-based electrochemical current
microscopy (PECM) 149
plasmon field-enhancement effect
218
plasmonic materials 223-225
plasmonic photocatalysis, in TERS
238-241
plasmon-induced electromagnetic fields
162
plasmon resonance energy transfer
(PRET) 153-154, 165-166
point spread function (PSF) 64, 275
principle of super-resolution
fluorescence localization
microscopy 66
product formation rate
42-44
proton reduction reactivity 134, 135
Pt nanocatalyst reactions 41
Pt NPs/C UME/ proton reduction
128-130

162,

10, 22, 31, 34,

q

quantum dot 58, 59, 199
r
Raman frequency shift 212
Raman scattering 5
detection instrumentation 221-222
Rayleigh scattering 210, 211, 221
reduced Planck constant 145
remote excitation SERS (Re-SERS)
220-221

remote plasmonic catalysis 231-232



resonance Raman (RR) scattering 211

reversible chemisorption 161

reversible saturable optical fluorescence
transitions (RESOLFT)
microscopy 65

rotating ring-disk electrode (RRDE)
114,117

S
saturated structured illumination
microscopy (SSIM) 65
scanning electrochemical microscopy
(SECM) 4,5,107-141
operation modes of 113
collection mode 113-117
feedback mode 117-118
principles of 109-118
scanning potentiometry 111
scanning probe microscopy (SPM) 68,
107-109, 233, 234
scanning transmission X-ray
microscopy (STXM) 68, 196,
198
scanning tunneling microscopy (STM)
5,107,233
scattering near-field optical microscopy
(s-SNOM) 246
shell-isolated nanoparticle-enhanced
Raman spectroscopy (SHINERS)
227-228, 246
shell-isolated nanoparticles (SHINs)
227
single Au nanoparticles
168, 170, 262, 263
single enzyme molecule

35-38, 167,

10, 11, 35
single metal nanoparticles (NPs) 4,
108, 124
electrochemical methods of preparing
and characterizing 120-125
single molecule enzymology
Michaelis—Menten kinetics
in absence of dynamic disorder
9-13
with dynamic disorder 13-19
for fluoregenic reaction 22

randomness parameter 20-21

Index

single-molecule fluorescence
microscopy (SMFM) 3,9, 76
AFM 57-60
electrochemical techniques 49-57
single-molecule fluorogenic reactions
87, 89
single molecule isomerization 238
single-molecule
Langmuir—Hinshelwood
equation 26, 38, 82
single molecule nanocatalysts
Langmuir—Hinshelwood mechanism
23-30
physical models for kinetic and
dynamic analysis of 23-31
on single Au nanoparticles 35-38
single-molecule photocatalysis, on
single TiO, nanoparticles
38-40
single-molecule reactions on different
surfaces 89-91
single nanoparticle electrode (SNPE)
261
single TiO, nanoparticles 38-40
single-wall carbon nanotubes
(SWCNTs) 50, 51, 87
single-wall nanotube (SWNTs)
soft X-rays 200
and hard X-rays
microscopy 197
spatial resolution of optical microscopy
188
steady state electrochemical
electron-transfer kinetics 50
stimulated emission depletion (STED)
microscopy 65
stochastic optical reconstruction
microscopy (STORM) 67, 274
Stokes—Einstein equation 265
Stokes Raman scattering 210, 211
structured illumination microscopy
(SIM) 64, 65
super-resolution (SR) imaging
application of 68-92
applications of 91-92
fluorescence microscopy 3

50, 51

187-188

287



288

Index

super-resolution (SR) imaging (contd.)
localization microscopy 67
with spatially patterned excitation
65—-66
technique 84
super-resolution optical fluctuation
image (SOFI) 67
supported metal nanocatalysts 79-80
surface enhanced infrared adsorption
spectroscopy (SEIRAS) 5
principles of 244-247
single-particle nanocatalysis
247-248
surface enhanced Raman spectroscopy
(SERS) 207,220
borrowing SERS activity strategy
225-227
metal-oxide electrodes 230-231
monitor plasmon-driven chemical
reactions 228-230
plasmonic materials 223, 224
Raman scattering detection
instrumentation 221-222
remote excitation SERS (Re-SERS)
220-221
remote plasmonic catalysis in
Re-SERS  231-232
shell-isolated nanoparticle-enhanced
Raman spectroscopy (SHINERS)
227-228
single particle
catalysis/electrochemistry
228-230
substrate 216
substrate and applications 222-228
surface plasmon resonance (SPR) 1,
3-4, 68, 145-174, 244, 255
electrocatalysis of single Pt
nanoparticles based on 150,
151
experimental method of 149
principle of 146, 148
sensor 148
surface plasmons 145, 255-257, 259
surfaces adsorption of reactants 90
synchrotron radiation 5, 181, 185, 189,
198, 247

synchrotron-radiation-based infrared

nanospectroscopy (SINS) 247
synchrotron XAFS 202
t
tag-redox coulometry (TRC) strategy

266
thermodynamic parameters 44
tip-enhanced Raman scattering (TERS)
application 236-244
configuration of
illumination geometries 234-235
scanning probe microscopy (SPM)
233-234
working environmental control
235-236
electrochemical TERS (EC-TERS)
236-238
high resolution 241-244
isomerization of single molecule
238
plasmonic photocatalysis in
238-241
tip generation/substrate collection
(TG/SC) mode 113
tip generation-substrate collection-tip
collection (TG-SC-TC) mode
137,138
tip-induced metal deposition method
119,133
total internal reflection (TIR) 147
fluorescence microscope 54
transversal surface plasmon resonance
(TSPR) mode 255
transverse magnetic 146
tunneling UME (T-UME) 267,
272-273

u
ultrahigh vacuum (UHV) 235
ultramicroelectrode (UME) 4, 109, 260
single nanoparticle electrochemistry
267-273
for single particle electrochemistry
264-273



stochastic collision of individual
nanoparticles 264—-267
tunneling 272-273

ultra-microscopic substrate 124, 125

underpotential deposition (UPD) 171,
242

"4

vibrational spectroscopies 5, 207

X

X-ray absorption fine structure (XAFS)

182-186
X-ray beam 186-196, 198, 201, 203
optimization
energy selection 192-194
harmonic rejection  194-196
X-ray fluorescence microscopy (XFM)
196
X-ray microprobe methods 196
diffraction microscopy 199
full-field transmission X-ray
microscopy (TXM) 197

Index

PEEM, SPEM and nano-ARPES

198-199
scanning transmission X-ray
microscopy (STXM) 198

zernike phase-contrast X-ray
microscopy 197
X-ray microscopy 181
synchrotron light sources
X-ray photo emission electron
microscopy (XPEEM) 196
X-ray scanning microscopy 187, 188
X-ray spectrometer 183
X-ray spectromicroscopy 196

185

z
zeolites 69
depth profiling with super-resolution
imaging on 74-76
super-resolution imaging on  69-74
zernike phase-contrast X-ray imaging
196
zernike phase-contrast X-ray
microscopy 197

289






