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– macromolecule grafting through aryl 

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) 130, 

137, 138, 141–145, 152
polynitrophenyl (PNP) primer layers 

168–174
poly(oligoethyleneglycol methacrylate) 

(POEGMA) 141
poly-p-phenylene (PPP) 181, 182, 187
poly(phenylenevinylene) (PPV) 181, 182, 

187
polypyrrole (PPy) 181, 182
polystyrene (PS) 142–144, 146
polystyrene–polyethylene block copolymers 

90, 91
polythiophene (PTh) 181, 182

poly(vinyl alcohol) (PVA) 269
porous thin fi lms 77
porphyrins 116, 295–305
PPF, see pyrolyzed photoresist fi lms
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 57, 58
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 fi lms (PPF)
– conductive polymers/oligomers 

187–189
– coupling agents 255, 256, 259, 264
– grafting processes 15–18, 22–24
– molecular electronics 220, 222, 223, 

228–232
– patterned molecular layers 59–61, 67
pyrroloquinoline quinone (PQQ) 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
rectifi ers 286, 295–301
redox systems
– conductive polymers/oligomers 182, 183, 

186, 187, 189–193
– coupling agents 257, 258
– grafting processes 5, 11, 19–21, 23–25
– molecular electronics 220, 221, 232, 

233, 235



 Index  333

– nano-objects 113
– polymer grafting 159, 180
reducing reagents 5, 6
reducing substrates 4, 5
refl ection IR spectroscopy 74, 75, 79–83, 97
refl ection 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 258, 260, 261, 273
– patterned molecular layers 53–56, 67
– 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)
– 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 221, 222, 224, 226, 

230, 235
– nano-objects 114
– patterned molecular layers 53, 54
– polymer grafting 125, 143
self-assembly processes
– nano-objects 113, 114
– silicon surfaces 283, 297, 298

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 modifi cation of SWCNTs 112, 113
silica nanoparticles (SiNP) 111, 311
silicon surfaces
– architecture of hybrid devices 284, 285
– band bending and work functions 242, 

244, 245, 248, 249
– characterization 242–251, 294, 295, 

297, 298
– coupling agents 270
– dielectrics and wires 285, 286, 293–295
– diodes 286, 295–301
– electrical bistability 303–305
– electrochemical grafting 244–249
– electrografting 283, 284, 287–289, 

293–297, 301–303
– electronic properties 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 286
– self-assembly processes 283, 297, 298
– transistors 286, 287
– see also hydrogenated silicon
silver nanoparticles 105–108, 110, 111
Simmons model 232
simultaneous grafting 176
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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
– modifi cation by aryl diazonium salts 103, 

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) 145, 146
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 fi lms 166, 167
– determination of fi lm structure 167–169
– 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

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 fi lms 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) 190–192
thin nitrobenzene fi lms
– characterization of aryl layers 78, 79, 

81–83, 86–90, 92, 93
– coupling agents 257
– silicon surfaces 249–251
thiophenol 83, 84
through silicon vias (TSV) 318, 319
tilt confi guration 45–47
time-of-fl ight 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-fl ight secondary ion 

mass spectrometry
top contacts 225, 226, 233, 234
TPD, see temperature-programmed 

desorption
transistors, see fi eld-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
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u
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 confi guration 45–47
UPS, see ultraviolet photoelectron 

spectroscopy
UV–Vis, see ultraviolet-visible

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

Vienna ab initio simulation package 
(VASP) 38

vinylic polymers 130, 137, 160–162, 
314–319

w
work functions 248, 249
write states 303–305

x
X-ray photoelectron spectroscopy (XPS)
– aryl–surface bonding 47
– characterization of aryl layers 84–91, 97
– 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

z
Zigzag-edged graphene nanoribbons 

(ZGNR) 42–44, 48




