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AA, see ascorbic acid
ab initio molecular orbital theory
300, 301
acylation 149
addition—elimination reactions
adhesion 126, 151, 152, 317
ADPA, see 4-aminodiphenylamine
adsorption energies 45, 46
adsorption stripping voltammetry (ASV)
139
alcohol coupling agents  267-269
aliphatic amines, see amine coupling agents
aliphatic diazonium salts 1
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203, 208
alkanethiols 199, 200, 204, 205
alkyl halide coupling agents 274, 275
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ambient stability 11
amine coupling agents™
— applications  262-264
— characterization of grafted layer
257-259
— chemical grafting 259, 260
— electrochemical characterization
257, 258
— grafting mechanism 261, 262
— surface analysis 258, 259
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4-aminobenzoyl groups 150
4-aminobenzyl-modified CNTs 105-108
4-aminodiphenylamine (ADPA) 190,
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o-aminophenol 202, 203
aminophenyl films
— chemical sensors and biosensors 204
— patterned molecular layers 60, 62
— polymer grafting 132
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255-264

ammonium salt coupling agents

273, 274
anthracenes 206, 207, 257
antibodies 64-66, 208-210

antibody-functionalized polymer brushes
141

antifouling layers 67, 68
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armchair graphene edges 42-44, 48
aryl-surface bonding

— carbon nanotubes 44, 45

— density functional theory 37-52

— grafting processes 11-13

— graphenes 39-44, 48, 49

— metal surfaces 45-49

— substrate types 3848

arylhydrazine coupling agents
264, 265

aryltriazene coupling agents

ascorbic acid (AA) 262, 263

ASV, see adsorption stripping
voltammetry

atom transfer radical polymerization (ATRP)
56, 130-142, 159, 160, 162

atomic force microscopy (AFM)

— characterization of aryl layers 71,
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— conductive polymers/oligomers 185
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— coupling agents 258, 259, 267,
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— grafting processes 12, 15, 16,
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— molecular electronics 224
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attenuated total reflection (ATR)
spectroscopy

— characterization of aryl layers 79-83

— coupling agents 258, 261, 262, 271

— polymer grafting 164, 166, 172-175

b

B3LYP functionals 38, 45

bacterial sensors 141

Balz—Schiemann reactions 7

band bending 242, 244, 245,
248, 249

BASD, see bead-assisted

BDE, see bond dissociation energies

BE, see binding energies

bead-assisted (BASD) sonication processes
113, 114

4-benzoylphenyl (BP) groups 147

bilayers 295-301

binding energies (BE)

biochips 62

biofilms 92

biomedical applications

— chemical sensors and biosensors
212

— industrial applications

— nano-objects 119, 120

— patents 312

— patterned molecular layers

— polymer grafting 141, 142

biosensors 197-218

— cell-based 213

— coupling agents 263

— DNA-based 210-213

—enzymes 206-208

— immunobiosensors  208-210

— important features of aryl diazonium salts
200, 201

— interfacial design 197, 198

84-88, 127

211,

315-317

64-66

— molecular level control 198-200
— patents 312, 313

— polymer grafting 141, 151
—types 205-213

biotin

— chemical sensors and biosensors
207-210, 212

— coupling agents

— patents 310, 313

— patterned molecular layers 61

— polymer grafting 149

biphenyl films 187-190

1-(2-bisthienyl)-4-aminobenzene (BTB) 10,
105, 190-192

block copolymers

264, 266

90-91, 142, 159

bond dissociation energies (BDE)

BP, see 4-benzoylphenyl

4-bromobenzene diazoniumtetrafluoroborate
(BrBDT) 246-251

bromophenyl films 60

BTB, see 1-(2-bisthienyl)-4-aminobenzene

42,43

c

cadmium ions 204

capacitance 95

capping ligands

carbon black

— grafting processes

— industrial applications

— patents 311

carbon felt 255, 256

carbon fibers (CF) 139, 140, 148, 255, 256

carbon nanohorns (CNH) 115

carbon nano-objects 103, 105-111, 112-116

carbon nano-onions (CNO) 115, 116,
168, 169

carbon nanotubes (CNT)

— aryl-surface bonding 44, 45

— characterization of aryl layers 86, 87, 89

— chemical sensors and biosensors
213, 214

— coupling agents 255, 256, 264, 266

— grafting processes 6-8, 10-12, 16

— modification by aryl diazonium salts
105-115

— patents 311

— patterned molecular layers 64

— polymer grafting 127, 137, 142, 143, 146,
149, 150

4-carboxyphenyl films
211, 212

cathodic electrografting (CE)

CD, see cyclodextrins

CE, see cathodic electrografting

cell-based biosensors 213

CF, see carbon fibers

chemical grafting 259, 260, 269, 270

chemical sensors 197-218

— immobilization of chemical recognition
species  201-205

— important features of aryl diazonium salts
200, 201

— interfacial design 197, 198

— molecular level control 198-200

— patents 312, 313

— polymer grafting 139, 140

chemisorption techniques 159

4-chlorophenyl isocyanide (CPI)

chronoamperometry 3, 15, 18

104, 117

26, 27
313, 314

103,

204, 207-209,

160-164

83, 84



click chemistry 116, 149, 150

close-packed monolayers (CPML) 186

CNH, see carbon nanohorns

CNO, see carbon nano-onions

CO, see conjugated oligomers

colloidal lithography 59, 60

composite materials 310, 311

conductance switching 187-193

conductive polymers/oligomers

— electrochemical switching 183, 184, 189,
190, 193, 194

— electrografting  181-195

— n-doping and conductance switching of
grafted mono- and multilayers 187-190

— p-doping and conductance switching of
grafted mono- and multilayers 190-193

— polymer grafting 147

— polyphenylene- and oligophenylene-
tethered surfaces 187

— reduction of diazonium salts
184-186

conformality 317

conjugated oligomers (CO)

conjugated polymers (CP)

contact angles 96

contact potential difference (CPD)
248, 249

copper deposition 226, 233

copper interconnects 317-319

copper ions 139, 140, 204, 205, 207

copper substrates

— aryl-surface bonding 4648

— characterization of aryl layers 94

— molecular electronics  229-232

— patterned molecular layers 60, 61

coupling agents  255-281

— alcohols  267-269

— alkyl halides 274-275

—amines 255-264

— ammonium salts 273, 274

— applications  262-264, 269

— arylhydrazines 264, 265

— aryltriazenes 266, 267

— characterization of grafted layer
268, 269, 271-275

— chemical grafting 259, 260, 269

— electrochemical characterization 257,
258, 264, 265

— grafting mechanism 261, 262, 272

— Grignard reagents 270-272

—iodonium salts 272, 273

— localized electrografting 260, 261

— polymer grafting 125, 126, 127, 130,
131-136

181-184
181-184

257-259,
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— sulfonium salts 273

— surface analysis 258, 259, 267, 272-275

CP, see conjugated polymers

CPD, see contact potential difference

CPI, see 4-chlorophenyl isocyanide

CPML, see close-packed monolayers

p-cresol 203, 204

cross-linking 152

current-voltage (I-V) characteristics

— conductive polymers/oligomers 186-189

— molecular electronics 224, 225, 229-234

— silicon surfaces 286, 290-292, 294, 295,
298-301, 303-305

CV, see cyclic voltammetry

cyclams 139, 140

cyclic voltammetry (CV)

— characterization of aryl layers 95

— conductive polymers/oligomers 184, 185
— coupling agents 256, 264
— grafting processes 3, 4, 15, 16, 18-20, 23

— nano-objects 107, 108

— polymer grafting 163

— silicon surfaces 293, 294, 297, 301, 304,
305

cyclodextrins (CD) 10, 192

d

D-ND, see detonation nanodiamonds

D-parameters 90, 91

DEADT, see diethyl aniline diazonium
tetrafluoroborate

decamethyl ferrocene 190

dediazonation 1,2,4,5

Dember-voltage 244

dendrimers 150, 151

density functional theory (DFT)

— aryl-surface bonding 37-52

— carbon nanotubes 44, 45

— characterization of aryl layers 84

— fundamental principles 38

— grafting processes 13, 16

— graphenes 39-44, 48, 49

— metal surfaces 45-49

— silicon surfaces 292

— substrate types 38-48

density of states, see local density of states

deoxyribonucleic acid (DNA) 210-213

DES, see drug-eluting stents

detonation nanodiamonds (D-ND) 114
DFT, see density functional theory

DHTT 288-293

diamond

— characterization of aryl layers 90, 91, 96

— grafting processes 15
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— polymer grafting 128

— see also nanodiamonds;
ultrananocrystalline diamond

DIAP, see diazonium-induced anchoring
process

diazohydroxides 2

diazonium-induced anchoring process
(DIAP)

— parameters controlled in process
174-177

— polymer grafting 139, 140, 146, 147, 160,
171-178

— process with vinylic monomer 174-177

— process without vinylic monomer
172-174

— substrate types 172, 174

diazotization of substrates and
macromolecules 150, 151

dielectrics 285, 286, 293-295

diethyl aniline diazonium tetrafluoroborate
(DEADT) 246-248

dihydroxybenzenes 202

diodes 286, 295-301

direct cathodic electrografting 160-162

dispersion 40

DNA, see deoxyribonucleic acid

double wall carbon nanotubes (DWCNT)
64

double zeta polarized (DZP) basis set 292

drug-eluting stents (DES) 141, 142,
315-317

DWCNT, see double wall carbon nanotubes

DZP, see double zeta polarized

e

EDA, see ethylenediamine

EDTA, see ethylenediaminetetraacetic acid

effective dipole moment 246-248

electric double layers 92

electrical bistability 303-305

electroaddressable arrays 64-66

electrochemical characterization of coupling
agents 257, 258

electrochemical impedance 94

electrochemical modification of nano-objects
105-111

electrochemical quartz crystal microbalances
(EQCM) 169

electrochemical stability 11, 12

electrochemical switching 183, 184, 189,
190, 193, 194, 303-305

electrochemiluminescent sensors 205

electrografting

— characterization of aryl layers 94

— conductive polymers/oligomers 181-195

— coupling agents 260, 261, 269, 270,
272,273

— electrochemical switching 183, 184, 189,
190, 193, 194

— industrial applications

— molecular electronics
293-297, 301-303

- n-doping and conductance switching of
grafted layers 187-190

— nano-objects 105, 106

— one-step redox process 160-164

— p-doping and conductance switching of
grafted layers 190-193

— patents 309, 310

— patterned molecular layers
63-66, 68

— polymer grafting 126, 128, 129, 147,
160-164

— polyphenylene- and oligophenylene-
tethered surfaces 187

— reduction of diazonium salts
17, 18, 23, 26, 184-186

— silicon surfaces 244-249, 283, 284, 287—
289, 293-297, 301-303

electron beam lithography 67

electron paramagnetic resonance (EPR)
spectroscopy 172, 173

electron spin resonance (ESR)
spectroscopy 25

electronic properties

— band bending and work functions
244, 245, 248, 249

— electrochemical grafting 244-249

— experimental techniques 242-251

—in situ PV and PL measurements
242-245

— pH dependence and enhanced surface
passivation 249-251

— reaction scheme of grafting process
245, 246

— silicon surfaces 241-253

— see also current—voltage characteristics;
molecular electronics

electropolymerization 314-319

electroprinting 58

electrospotting 56, 57

ellipsometry 72, 75-83, 97

energy conversion 313

enzymes 64, 65, 202, 203, 206-208

epitaxial graphene 49

EPR, see electron paramagnetic resonance

EQCM, see electrochemical quartz crystal
microbalances

erase states  303-305

ESR, see electron spin resonance

314-319
283, 284, 287-289,

58, 60,

2-4,9, 14,

242,

241,



ethylenediamine (EDA) 261, 262, 264
ethylenediaminetetraacetic acid
(EDTA) 204

f

F5TP, see pentafluorothiophenol
ferrocenes

— chemical sensors and biosensors 209,
211-213

— conductive polymers/oligomers 188-193

- coupling agents 257

— grafting processes  23-25

— patterned molecular layers 55, 56

field-effect transistors (FET) 109, 286-287,

312
flat-lying configuration 45-47
Fourier transform infrared (FTIR)
spectroscopy 75, 289, 297, 298, 301, 302
Fréchet-type dendrons 151
FTIR, see Fourier transform infrared
fullerenes 295-301

g
GC, see glassy carbon

generalized-gradient approximation (GGA)
38, 45
glassy carbon (GC)

— characterization of aryl layers
— chemical sensors and biosensors
202, 205, 210
— coupling agents
267-269, 275

— grafting processes 5, 7-9, 26, 27

— patterned molecular layers 59

glucose oxidase 62

GNR, see graphene nanoribbons

gold deposition 226, 233, 234

gold nanoparticles

— modification by aryl diazonium salts
110, 111, 116-118

— polymer grafting 127, 129, 145,
146, 150, 152

gold substrates

— aryl-surface bonding 46

— characterization of aryl layers

— chemical sensors and biosensors
205

— coupling agents

— grafting processes

— molecular electronics
290-292

— patents 311

— patterned molecular layers 60, 62

— polymer grafting 144, 145, 149,
168, 169, 177

90, 91, 95
200,

255, 256, 262-264,

104,

85-90
204,

255, 256
20, 23
229, 230,
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Gomberg-Bachman reactions 2, 14
Graftfast{TM], see diazonium-induced
anchoring process

grafting from methods 126,
130-147, 159

grafting onto methods 126,
147-151, 159

grafting processes

— aryl-surface bonding 11-13

— chemical and electrochemical principles
1,2

— chemical structure of multilayers 21

— compactness of layers 23, 24

— coupling agents  259-262, 269-272

— diazonium salt substituents 9, 10

— electron transfer 19-21, 24-26

— heating and microwave 6, 7

— homolytic dediazonation 1,2, 4,5

— mechanical grafting 7

— mechanism of multilayer formation
22, 25-27

— medium thickness layers

— monolayers 13-16

— multilayers 13, 14, 16-27

— neutral and basic media 6

— patents 309, 310

— photografting 7, 147, 148

— reactions with substrates

- reducing reagents 5, 6

— reducing substrates 4, 5

— reduction of diazonium salts

— silicon surfaces 296-298

—solvents 10, 11

— spatial structure of layers 22

— substrate types 7-9

- swelling of multilayers 24

— thick layers 19-21

— ultrasonication 6, 14, 24

— see also electrografting; polymer
grafting

granular thin films 77

graphene nanoribbons (GNR) 115

graphenes

— aryl-surface bonding 39-44, 48, 49

— basal plane sites 39-41, 48

— characterization of aryl layers 84

— coupling agents 255, 256

— edge sites  42-44, 48

— nano-objects 114, 115

Grignard reagents  270-272

16-19

4,5

1-35

h

hairy CNTs 149, 150

high-resolution electron energy loss
spectroscopy (HREELS) 12, 47

327



328

Index

highly oriented pyrolytic graphite (HOPG)

— aryl-surface bonding 39, 42

— characterization of aryl layers 72

— coupling agents  255-256

— grafting processes  7-9, 18, 19

homolytic dediazonation 1, 2, 4,5

HOPG, see highly oriented pyrolytic graphite

hopping phenomena 220, 221, 233

horseradish peroxidase (HRP) 206, 207

HREELS, see high-resolution electron energy
loss spectroscopy

HRP, see horseradish peroxidase

hybrid electronics 219, 236, 284, 285, 305

hydrogels 58

hydrogen radicals 169, 170

hydrogenated diamond 15

hydrogenated silicon

— characterization of aryl layers

— coupling agents 270, 273, 274

— electrografting 287

— grafting processes

— patterned molecular layers

hydroquinone 202

hypophosphorous acid 5, 6

hysteresis 290, 300, 303

77-79

14, 15, 26
63, 64

i

[-V, see current—voltage

IgG, see immunoglobulin
immunobiosensors 208-210
immunoglobulins (IgG) 66, 209

in situ IR measurements 79-83
indirect cathodic electrografting 162-164
indirect vapor deposition 226, 233, 234
indium tin oxide (ITO)

— characterization of aryl layers 86

— nano-objects 119

— patterned molecular layers 59, 60, 65
indium-gallium-arsenide charge-coupled

detectors 243
industrial applications 313-319
— copper interconnects 317-319
— drug-eluting stents  315-317

— modified carbon blacks 313, 314
— research to development 314, 315
— vinylic polymers 314-319

infrared (IR) spectroscopy
— characterization of aryl layers 72-83, 97
— coupling agents 258, 261, 262, 272
— ellipsometry 75-83, 97
— in situ measurements 79-83
— polymer grafting 164, 166, 172,
173, 175
— reflection spectroscopy 74, 75, 79-83, 97

— surface characterization by IRSE 77-79
— transmission spectroscopy 73, 74
infrared reflection absorption spectroscopy

(IRRAS) 258, 265
infrared spectroscopic ellipsometry (IRSE)
— characterization of aryl layers 75-83, 97
— in situ measurements 79-83
—silicon surfaces 242, 248, 251

— surface characterization 77-79

interfacial design 197, 198

interleukin-12 211, 212

iodonium salts 272, 273

ionic liquids 10, 11

IR, see infrared

iron oxide nanoparticles

iron powder 6

iron substrates 46, 127

IRRAS, see infrared reflection absorption
spectroscopy

IRSE, see infrared spectroscopic ellipsometry

ITO, see indium tin oxide

117, 118

J
J-V, see current-voltage

k

Kohn—Sham equations 38

I

Landauer model 232

Langmuir-Blodgett (LB) films
224, 230, 286

LDA, see local density approximation

LDOS, see local density of states

lead ions 204

linker groups 287

local density approximation (LDA)
38, 45, 292

local density of states (LDOS)
71,72

local spin density approximation (LSDA)
38

localized grafting/electrografting
176, 260, 261

LSDA, see local spin density approximation

221, 222,

42,43,

m

macromolecules 130-151

magnetic nanoparticles 117, 118

MCP, see microcontact printing

4-MDA 78,79

4-MeBDT, see 4-methoxybenzene
diazoniumtetrafluoroborate

mechanical grafting 7



mechanical stability 12

medical applications, see biomedical
applications

MEK, see methyl ethyl ketone

membranes 92

memory effects  301-305

Merweein reactions 2

meta-GGA functionals 38

metal nano-objects 111, 116-119

metal nanoparticles

— chemical sensors and biosensors
205, 214

— polymer grafting 127-129, 145, 146

metal oxide nano-objects 111, 116-119

metal oxide surfaces 198, 199

metal surfaces

— aryl-surface bonding 45-49

— characterization of aryl layers 77,
85-90, 94

— chemical sensors and biosensors
204, 205

— coupling agents

— grafting processes

— molecular electronics  229-232

— patterned molecular layers 60-62

— polymer grafting 128, 168, 169, 177

metallic colloids  103-104

metallic SWCNTs 109, 110, 113

4-methoxybenzene
diazoniumtetrafluoroborate (4-MeBDT)
73,74

methyl ethyl ketone (MEK) 152

2-methyl-2-nitrosopropane (MNP) dimer
172-174

microcontact printing (MCP)

microfabricated molecular devices

microscale patterning 261

microwave grafting 6, 7

mineral surfaces 92

miniemulsion system 165, 166

MIP, see molecularly imprinted polymers

mixed layers 201

MNP, see 2-methyl-2-nitrosopropane

modified carbon blacks 313, 314

modified electrode arrays 64-66

molding techniques 59

molecular electronics  219-239

— application of top contacts 225, 226,
233, 234

— architecture of hybrid devices 284, 285

— characterization 294, 295, 297, 298

— dielectrics and wires 285, 286, 294, 295

— diodes 286, 295-301

— electrical bistability 303-305

199,

255, 256, 263, 264, 275
20, 23

57,58
233,234
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— electrografting 283, 284, 287-289,
293-297, 301-303

— electron transport 219-222

— electronic performance 226-234

— fabrication of molecular junctions
221-225

— hopping and tunneling phenomena
220, 221, 225, 229, 232-233, 235

— industrial applications 317-319

— memory effects 301-305

— microfabricated molecular devices
233,234

— negative differential resistance

286, 288-293
— patents 312
— redox systems 220, 221, 232, 233, 235
— resonant tunnel diodes 286
— self-assembly processes 283, 297, 298
— silicon surfaces 283-307

— structural control 230-232

— substrate types 222, 223

— surface diffusion mediated deposition
227-230, 233

— surface modification 223-225

— transistors 286, 287

molecular junctions 219, 221-234

molecular wires (MW) 209, 285, 286

molecularly imprinted polymers (MIP)
140, 145, 146, 313

monolayer formation

— chemical sensors and biosensors 201

— conductive polymers/oligomers 186

— coupling agents 263

— grafting processes 13-16

— molecular electronics 224

— silicon surfaces 283, 286, 287-289, 293—
295, 301-303

— see also self-assembled monolayers

multilayer formation

— chemical structures 21

— conductive polymers/oligomers

— coupling agents 263

— grafting processes 13, 14, 16-27

— mechanism 22, 25-27

— molecular electronics 224, 235

— silicon surfaces 288, 289, 295-301

—swelling 24

multiwall carbon nanotubes (MWCNT)

— characterization of aryl layers
86, 87, 89

— grafting processes 6, 7, 16

— modification by aryl diazonium salts
105-108, 111, 113

— polymer grafting 137, 149, 150

187-193
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MW, see molecular wires
MWCNT, see multiwall carbon nanotubes

n

n-type semiconductors

— electrografting 182, 183, 187-190

— electronic properties 244

— patterned molecular layers 63

NAB, see 4-nitroazobenzene

NAD/NADH, see nicotinamide adenine
dinucleotide

nanodiamonds (ND) 114, 118, 119

nano-objects (NB) 103-124

— attachment to other surfaces
103, 104

— carbon NBs 103, 105-111, 112-116

— chemical modification 112-119

— compatibility with desired environment
103

— electrochemical modification

105-111

— functionalization 103, 104, 109-111,
113-119

— metal and metal oxide NBs
111, 116-119

— modification by aryl diazonium salts
103-124

— patents 312

— polymer grafting 128

— stability and monodispersity
103, 104, 105

nanoparticle-cored dendrimers (NCD)
150-151

nanoparticles (NP)

— chemical sensors and biosensors
205, 214

— grafting processes 6

— modification by aryl diazonium salts
103, 104, 110, 116-119

— patents 311

— polymer grafting 127-129

nanosecond equilibrium method 256

nanoshaving 54

nanosphere lithography (NSL) 59, 60

NB, see nano-objects; nitrobenzene

4-NBDT, see 4-nitrobenzenediazonium
tetrafluoroborate

NCD, see nanoparticle-cored dendrimers

ND, see nanodiamonds

negative differential resistance (NDR)
286, 288-293

NEGF, see non-equilibrium Green function
formalism

nickel ions 207

nicotinamide adenine dinucleotide
(NAD/NADH) 202, 203

nitriloacetic acid (NTA) 207

4-nitroazobenzene (NAB) films

— conductive polymers/oligomers 187-190

— molecular electronics 226, 228, 229,
231, 232

nitrobenzene thin films

— characterization of aryl layers
81-83, 86-90, 92, 93

- coupling agents 257

— silicon surfaces 249-251

4-nitrobenzenediazonium tetrafluoroborate
(NBDT)

— characterization of aryl layers 73, 74

— nano-objects 105-109, 118, 119

— polymer grafting 162, 163, 165-167, 170,
172,173

— silicon surfaces

nitro-biphenyl films

nitrophenyl films

— nano-objects 110, 111, 119

— patterned molecular layers 60

— polymer grafting 127, 132

non-equilibrium Green function formalism
(NEGF) 292

NSL, see nanosphere lithography

NTA, see nitriloacetic acid

Nyquist plots 94, 295

78,79,

246-251
187-190

o

OEG, see oligo(ethylene glycol)

oligoaniline 192, 193

oligo(ethylene glycol) (OEG) 207

oligonucleotides 64, 65

oligoparaphenylene 183, 187

oligophenylenes 183, 187, 189

oligo(phenylethynylene) 209

oligophenylthiophene 190-192

oligothiophene 183, 190-192

on/off switching 183, 184, 189, 190, 193,
194, 303-305

one-step redox process 159, 180

— cathodic electrografting 160-164

— diazonium-induced anchoring process
160, 171-178

— surface electroinitiated emulsion
polymerization 160, 164-171

— surface-initiated atom transfer radical
polymerization 159, 160, 162

optical micrography 177

optical sensors 140, 141

organosilanes 198, 199

oxygen reduction 110, 111
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p-type semiconductors

— electrografting 182, 183, 190-193

— electronic properties 244

— patterned molecular layers 63

PAA, see poly(acrylic acid)

palladium nanoparticles 105, 106, 111, 117

palladium substrates 46, 149, 150

PAM, see polyacrylamide

PAMAM, see poly(amidoamine)

PANTI, see polyaniline

passivating layers

— characterization of aryl layers 72, 77-79

— patterned molecular layers 67, 68

patents  309-313

— biomedical applications 312

— chemical sensors and biosensors
312, 313

— composite materials 310, 311

— energy conversion 313

— molecular electronics 312

— nano-objects 312

— post-modification of grafted layers 310

— surface chemistry 309, 310

patterned molecular layers 53-69

— atomic force microscopy 53, 54

— coupling agents 261, 270, 271

— microcontact printing 57, 58

— modified electrode arrays 64-66

— nanosphere lithography 59, 60

— PDMS molds 59

— photolithography 60-62, 67

— pin electrospotting 56, 57

— polymer grafting 141, 142

— scanning electrochemical microscopy
53, 54-56

— scanning probe lithography 53-57, 67

— silicon substrates 63, 64

— soft lithography 57-60

— surface-directed patterning 62-66

PBMA, see poly(butyl methacrylate)

PDMS, see poly(dimethylsiloxane)

PEDOT, see poly(ethylene dioxythiophene)

PEG, see poly(ethylene glycol)

PEGDMA, see poly(ethylene glycol
dimethylacrylate)

pentafluorothiophenol (F5TP) 83, 84

PEVA, see poly(ethylene-co-vinyl acetate)

PGMA, see poly(glycidyl methacrylate)

pH dependence 249-251

PHEMA, see poly(hydroxyethyl methacrylate)

phenanthrene 2

phenyl films 204

Index

phenylboronic acid 213
2-phenylethyl bromide 85, 86
4-phenylmaleimide 211, 212
phosphine oxide 125
photografting 7, 147, 148
photoinitiators  143-145
photolithography 60-62, 67
photoluminescence (PL) 97, 241, 242-245
photovoltage (PV) 241, 242-245
physisorption techniques 159
pin electrospotting 56, 57

PL, see photoluminescence
platinum deposition 226

platinum nanoparticles 105-107,
110, 111, 116
platinum substrates 255, 256

PLGA, see poly(lactic-co-glycolic acid)

PLMA, see poly(lauryl methacrylate)

PMAA, see poly(methacrylic acid)

PMMA, see poly(methyl methacrylate)

PNIPAM, see poly(N-isopropylacrylamide)
layer

PNP, see polynitrophenyl

POEGMA, see poly(oligoethyleneglycol
methacrylate)

polarized reflection spectroscopy 75, 81

polyacrylamide (PAM) 142

poly(acrylic acid) (PAA) 139, 140, 176

poly(amidoamine) (PAMAM) 269

polyaniline (PANI) 181, 182, 193, 194,
262, 263

poly(butyl methacrylate) (PBMA)

— industrial applications 315, 316

— polymer grafting 130, 141, 144, 145, 163,
164, 166-171, 176

poly(dimethylsiloxane) (PDMS)
59, 261, 270

poly(ethylene dioxythiophene) (PEDOT)
184

poly(ethylene glycol dimethylacrylate)
(PEGDMA) 152

poly(ethylene glycol) (PEG) 147-150

poly(ethylene-co-vinyl acetate) (PEVA) 141,
142
poly(glycidyl methacrylate) (PGMA) 139,

140, 142, 149, 150
poly(hydroxyethyl methacrylate) (PHEMA)
144, 145, 152, 174, 177
poly(N-isopropylacrylamide) layer (PNIPAM)
130, 134, 140, 141

poly(lactic-co-glycolic acid) (PLGA) 315,
316
poly(lauryl methacrylate) (PLMA) 144, 145

polymer brushes 137, 138, 141, 142
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polymer grafting 125-157

—acylation 149

— addition—elimination reactions

—adhesion 126, 151, 152

— applications  131-136, 138-142, 151

— bacterial sensors 141

— cathodic electrografting  160-164

— characterization 127, 166, 167

— chemical sensors 139, 140

— click chemistry 149, 150

- coupling agents  125-136

— determination of film structure 167-169

— diazonium-induced anchoring process
139, 140, 146, 147, 160, 171-178

— diazotization of substrates and
macromolecules 150, 151

— drug-eluting stents 141

— electrografting 147, 160-164

— grafting from methods 126, 130-147, 159

— grafting onto methods 126, 147-151, 159

— macromolecule grafting through aryl

170, 171

layers 130-151
— one-step redox process 159, 180
— optical sensors 140, 141

— patterned molecular layers 141, 142

— photografting 147, 148

— proton reduction and hydrogen radicals
169, 170

—ring opening 148

— surface electroinitiated emulsion
polymerization 146, 147, 160, 164-171

— surface-initiated addition—fragmentation
chain transfer 142, 143

— surface-initiated anionic polymerization
146

— surface-initiated atom transfer radical
polymerization 130-142, 159, 160, 162

— surface-initiated photopolymerization
143-146

poly(methacrylic acid) (PMAA) 145

poly(methyl methacrylate) (PMMA)
137, 138, 141-145, 152

polynitrophenyl (PNP) primer layers
168-174

poly(oligoethyleneglycol methacrylate)
(POEGMA) 141

poly-p-phenylene (PPP)

poly(phenylenevinylene) (PPV)
187

polypyrrole (PPy) 181, 182

polystyrene (PS) 142-144, 146

polystyrene—polyethylene block copolymers
90, 91

polythiophene (PTh)

130,

181, 182, 187
181, 182,

181, 182

poly(vinyl alcohol) (PVA) 269

porous thin films 77

porphyrins 116, 295-305

PPF, see pyrolyzed photoresist films

PPP, see poly-p-phenylene

PPV, see poly(phenylenevinylene)

PPy, see polypyrrole

PQQ, see pyrroloquinoline quinone

primary aliphatic amines, see amine
coupling agents

printing techniques

proteins 57

proton reduction 169, 170

PS, see polystyrene

Pschorr reactions 2

PTh, see polythiophene

PV, see photovoltage

PVA, see poly(vinyl alcohol)

pyrolyzed photoresist films (PPF)

— conductive polymers/oligomers
187-189

— coupling agents

— grafting processes

— molecular electronics
228-232

— patterned molecular layers

pyrroloquinoline quinone (PQQ)

57,58

255, 256, 259, 264
15-18, 22-24
220, 222, 223,

59-61, 67
203

q

quantitative analysis of surfaces by electron
spectroscopy (QUASES) 88, 90

quantum dots (QD) 119

quantum wires 119

QUASES, see quantitative analysis of
surfaces by electron spectroscopy

quaternary ammonium salts 125

quinone 202

r
Raman spectroscopy

— characterization of aryl layers 83, 84, 97
— grafting processes 12, 22
— molecular electronics 226, 227

— silicon surfaces 242

RBS, see Rutherford backscattering

read states  303-305

rectifiers 286, 295-301

redox systems

— conductive polymers/oligomers
186, 187, 189-193

— coupling agents

— grafting processes

— molecular electronics
233, 235

182, 183,

257, 258
5,11, 19-21, 23-25
220, 221, 232,



— nano-objects 113

— polymer grafting 159, 180

reducing reagents 5, 6

reducing substrates 4, 5

reflection IR spectroscopy 74, 75, 79-83, 97
reflection UV-Vis spectroscopy 73
resonant tunnel diodes (RTD) 286

ring opening 148

RTD, see resonant tunnel diodes

ruthenium nanoparticles 117

ruthenium polypyridyl complexes 19-21,
93, 94, 205
Rutherford backscattering (RBS) 93, 97

s

SAM, see self-assembled monolayers

Sandmeyer reactions 1

scanning electrochemical microscopy
(SECM)

— coupling agents

— patterned molecular layers

— polymer grafting 141, 142

scanning electron microscopy (SEM)

— coupling agents 258

— industrial applications 316, 318

— patterned molecular layers 58, 60

— polymer grafting 175

scanning probe lithography (SPL) 53-57

scanning tunneling microscopy (STM)

258, 260, 261, 273
53-56, 67

— characterization of aryl layers 71, 72, 97
— grafting processes 15, 23
— patterned molecular layers 53, 54

— silicon surfaces 242

SDBS, see sodium dodecylbenzenesulfonate

SDMD, see surface diffusion mediated
deposition

SECM, see scanning electrochemical
microscopy

SEEP, see surface electroinitiated emulsion
polymerization

SEIRA, see surface-enhanced IR absorption

self-assembled monolayers (SAM) 13

— characterization of aryl layers 72, 75, 83,
84

— chemical sensors and biosensors
198-200

— molecular electronics
230, 235

— nano-objects 114

— patterned molecular layers

— polymer grafting 125, 143

self-assembly processes

— nano-objects 113, 114

— silicon surfaces 283, 297, 298

221, 222, 224, 226,

53,54

Index

SEM, see scanning electron microscopy

semiconductors

— coupling agents 255, 256

— electrografting 182, 183

— electronic properties 244

— industrial applications 317-319

— nano-objects 109, 110, 113, 119

— patterned molecular layers 63

— polymer grafting 128

— see also silicon surfaces

sequential grafting 176

SERS, see surface-enhanced Raman
scattering

shake-up satellites 86

SI-ATRP, see surface-initiated atom transfer
radical polymerization

SI-RAFT, see surface-initiated addition—
fragmentation chain transfer

sidewall modification of SWCNTs 112, 113

silica nanoparticles (SINP) 111, 311

silicon surfaces

— architecture of hybrid devices

— band bending and work functions
244, 245, 248, 249

— characterization 242-251, 294, 295,
297, 298

— coupling agents 270

— dielectrics and wires

— diodes 286, 295-301

— electrical bistability 303-305

— electrochemical grafting 244-249

— electrografting 283, 284, 287-289,
293-297, 301-303

— electronic properties

284, 285
242,

285, 286, 293-295

241-253

—in situ PV and PL measurements 241,
242-245

— memory effects 301-305

— molecular electronics 223, 228, 229,

283-307

— nano-objects 109

— negative differential resistance 286,
288-293

— patterned molecular layers 63, 64

— pH dependence and enhanced surface
passivation 249-251

— reaction scheme of grafting process
245, 246

— resonant tunnel diodes

— self-assembly processes

— transistors 286, 287

— see also hydrogenated silicon

silver nanoparticles 105-108, 110, 111

Simmons model 232

simultaneous grafting 176

286
283, 297, 298
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single wall carbon nanotubes (SWCNT)

— aryl-surface bonding 44, 45

— coupling agents 264, 266

— grafting processes 6, 7, 11, 12, 16

— modification by aryl diazonium salts
108-110, 112-115

— patents 311

— polymer grafting 142, 143, 149, 150

SiNP, see silica nanoparticles

SIPP, see surface-initiated
photopolymerization

size-controlled metallic nano-objects 110

sodium dodecylbenzenesulfonate (SDBS)
114, 115

soft lithography  57-60

spin-coating 62

spin-traps 172, 173

spiro-bridges 182, 183

SPL, see scanning probe lithography

spontaneous grafting 4, 5, 27, 56, 57

spotting techniques 56, 57

square wave voltammetry (SWV)

steric effects 16

STM, see scanning tunneling microscopy

sulfonium salts 273

surface diffusion mediated deposition
(SDMD)  227-230, 233

surface-directed patterning 62-66

surface electroinitiated emulsion
polymerization (SEEP) 146, 147, 160,
164-171

— characterization of PBMA films

— determination of film structure

— mechanism 170, 171

— miniemulsion system 165-166

— proton reduction and hydrogen radicals
169, 170

surface-enhanced IR absorption (SEIRA)
72,97

surface-enhanced Raman scattering (SERS)
12

— aryl-surface bonding 47

— characterization of aryl layers 83, 84

— polymer grafting 127, 129, 141

surface-initiated addition-fragmentation
chain transfer (SI-RAFT) 142, 143

surface-initiated anionic polymerization
146

surface-initiated atom transfer radical
polymerization (SI-ATRP) 130-142, 159,
160, 162

surface-initiated photopolymerization (SIPP)
143-146

surface-initiated polymerizations 159

surface passivation 249-251

103,

145, 146

166, 167
167-169

SWCNT, see single wall carbon nanotubes
SWV, see square wave voltammetry

t

take-off angles (TOA) 147, 148

TB, see 1-(2-thienyl)-4-aminobenzene

TDG, see tetraethylene glycol diamine

TEAP, see tetraethyl ammonium perchlorate

temperature-programmed desorption (TPD)
40

terphenyl films 187-190

tetraaminophthalocyanatocobalt(II) 260

tetraethyl ammonium perchlorate (TEAP)
163

tetraethylene glycol diamine (TDG)
261, 264

TGA, see thermal gravimetric analysis

thermal annealing 113

thermal grafting 6, 7

thermal gravimetric analysis (TGA) 11

thermal stability 11

thianthrene 190

1-(2-thienyl)-4-aminobenzene (TB)

thin nitrobenzene films

— characterization of aryl layers
81-83, 86-90, 92, 93

— coupling agents 257

— silicon surfaces 249-251

thiophenol 83, 84

through silicon vias (TSV)

tilt configuration 45-47

time-of-flight secondary ion mass
spectrometry (ToF-SIMS) 13, 21

— characterization of aryl layers
93, 94, 97

— polymer grafting 127, 167, 168

titanium deposition 226

titanium dioxide 117

titanium nanoparticles 117

titanium substrates 46, 47

TOA, see take-off angles

ToF-SIMS, see time-of-flight secondary ion
mass spectrometry

top contacts 225, 226, 233, 234

TPD, see temperature-programmed
desorption

transistors, see field-effect transistors

transmission electron microscopy (TEM)
137, 269

transmission IR spectroscopy 73, 74

transmission UV-Vis spectroscopy 73

triazenes 2

TSV, see through silicon vias

tunneling phenomena 220, 221, 225, 229,
232, 233, 235

190-192

78,79,

318, 319
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ultramicroelectrodes (UME)
54-56, 192

ultrananocrystalline diamond (UNCD)
96, 105, 149

ultrasonication 6, 14, 24

ultraviolet photoelectron spectroscopy (UPS)
245, 248, 249

ultraviolet (UV) photolithography
60-62

ultraviolet-visible (UV-Vis) spectroscopy
72, 80, 81, 97

UME, see ultramicroelectrodes

UNCD, see ultrananocrystalline diamond

uniformity 317

upright configuration 45-47

UPS, see ultraviolet photoelectron
spectroscopy

UV-Vis, see ultraviolet-visible

v
van der Waals interactions 40
vapor deposition 226, 233, 234

Index

Vienna ab initio simulation package
(VASP) 38
vinylic polymers

314-319

130, 137, 160-162,

w
work functions 248, 249
write states  303-305

X

X-ray photoelectron spectroscopy (XPS)

— aryl-surface bonding 47

— characterization of aryl layers

— coupling agents 258, 272, 273

— grafting processes 11, 12, 15, 22

— polymer grafting 127, 139, 140, 144, 145,
161, 162, 166, 167

— silicon surfaces 242, 289, 294, 297-298

X-ray standing waves (XSW) 91-93, 97

84-91, 97

z
Zigzag-edged graphene nanoribbons
(ZGNR) 42-44, 48
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