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acenes 437-8
computational studies 448, 449
spin density magnetization 449, 449-50
synthesis 447, 449
addition reactions
see also cycloaddition
addend arrangement on fullerenes 132,
262-3
bis-adducts 733, 1334
control of addition point 263-5
ribbon arrangement [44, 145-7, 147
tetrakis-adducts 134, 135
amidation 474, 474-5
dichlorophenyl radicals, and EMFs
2724, 273
nanotube sidewall functionalization 109,
334-6, 335
radical derivatization of CNOs 476-8,
477,478
for water-soluble TNT-EMF
derivatives 250-2
amines
1-octadecylamine (ODA), in CNO
amidation 474, 474
peapod dispersion 368
separation of nanotubes by electronic
type 26-7, 373, 3734, 376-7
dispersion efficiency 366-7, 367, 376
TMPD, supramolecular electron transfer with
EMFs 276, 276-7
annealing
acetylene carbon blacks 472
diamond 429, 465-6
antiferromagnetic (AFM) state, graphene
nanoribbons 438-9

arc discharge method
endohedral metallofullerene
production 239-40, 272
SWNT production 375-7
underwater, carbon nano onions
production 470-1, 471
armchair-edged nanographenes
nanoribbons (AGNRs) 4434, 444
properties 437, 456
azobenzene chromophores 349

BET gas surface adsorption 471
bile salts (biological surfactants) 6, 6, 7,
304, 304
binding affinity
bond dissociation energy (BDE) 441, 441-2
components of interaction 190-1, 207-8
Gibbs activation energies 206, 206
increasing, by molecular design 189-90, 193
open fullerenes, insertion and release
kinetics 219-20
Bingel/retro-Bingel chiral separation 150,
153-6
Bingel-Hirsch reaction 74, 131-2, 475, 475
Cp additions
crown ether—-malonates 134-5, 136, 137
Troger base tethered malonates 135,
137, 138
untethered malonates 1324, 133, 135
site of EMF nucleophilic attack 263-5,
264, 265
TNT-EMF additions 250-1
biosensors, nanotube-based
electrochemical 354-6, 355
field-effect transistors 3524, 353
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bucky metallocenes
bucky ruthenocenes 176
buckyferrocene 176, 179
lunar lander pentapods 181-2, 182
multimetal (double-decker)
complexes 177-8, 178
polyanion dimers 179-80, /80
buckydiamond 417
see also nanodiamonds
buckypaper 386, 387

Cep (buckminsterfullerene) 129
cooperative binding
comparative contributions of interaction
types 190-1, 208
exTTF receptors 56-61, 61, 62, 204, 205
fullerodendrons and benzylammonium
guests 82, 86, 86-7
solvent-sensitive 98-9
derivatives
ammonium-crown ether complexes 52-6,
55, 82, 84, 86
chromophore dyads 94-6, 95
covalent multichromophore systems 96,
97, 100
penta(organo) structures 174-6, 179-82,
196, 197
poly(aryl ether) dendrimers 74-7,
75,76
porphyrin supramolecular
complexes 50-2, 52, 98, 98
pyrrolidine OPV dendrimers 77-9, 79
TTF dyads 50, 51, 96, 98, 98
endohedral
cage opening 2/6, 216-19
chemical functionalization 222-4, 223
closure 220-2, 221
encapsulation 216, 219-20, 220
solubility in organic solvents 74, 80, 189,
192, 398-9
C;o (fullerene)
achiral addition, with chiral addends 152
endohedral
chemical reactivity 231-2, 232
encapsulation of hydrogen 227-31
inherently chiral covalent addition /39,
139-40
Bingel additions 132-9
butylperoxyradical derivatives 148, 148
halogenation 142, 142-3, 143

hydrogenation 740, 140-2, 141
perfluoralkylation 143-7, 144, 147
noninherently chiral addition 148-52, 149
Bingel/retro-Bingel enantiomer
separation 150
mixed and enantiopure products
149-50, 151

cage isomers 153, 155-62, 243, 244
calixarenes 194, /194

dimers 197, 197-8, 198

with electron-rich appendants 195,
195-6, 196

naphthalene derviatives 194-5, 195

carbohydrates

glycosylated nanotubes, biocompatibility 63
nanotube solubilization 22-3

carbon nano onions (CNOs)

applications 478-9, 479, 480
chemical reactions
[2+1] cycloadditions 475, 475-6, 476
amide derivatives 474, 474-5
free radical additions 476-8, 477, 478
pyrrolidine derivatives 473-4, 474
discovery 464
physical properties
density 470
electrical resistivity 468-9, 469
electron paramagnetic resonance
spectra 469-70, 470
Raman spectra 466-7, 467, 471-2
~ X-ray diffraction pattern 467-8, 468
presence in interstellar dust 470-1
structure 464, 464
effect of formation temperature 465, 465-6
growth mechanisms 466, 466, 471, 472
sizes 470, 473
synthesis techniques 4645
annealing 465-6, 472
arc discharge 470-1, 471
chemical vapor deposition 473
electron irradiation 472
laser ablation 472-3

carbon nanotubes

see also multi-walled nanotubes (MWNTSs);
peapods; single-walled nanotubes
(SWNTs)
applications 1-2, 19, 25
biological, with DNA/NT hybrids 317,319
biosensors 2947, 351-6
field-effect transistors 63-4, 346, 34651



honeycomb film structures 320--3
nanoimprinted resin composites
317-18, 318
NIR-sensitive polymer gels 318-20
photoelectrochemical cells 338, 339, 345,
345-6
substrate for TEM molecular
imaging 405-12
characterization techniques
imaging, microscopic 303
thermal gravimetric analysis 375
cup-stacked (CSCNTs) 116-17
dispersion and exfoliation 3, 302, 302
aqueous 3-11, 295, 303-9
fullerene-assisted 368-71
organic solvents 11-17, 371-2
polymer dispersion agents 17-26, 309-17
functionalization
aims and methods 2, 2-3, 4
covalent 108-13, 334-6, 335, 33640
defect transformation 295, 295
endohedral 385-6
noncovalent 26, 61-7, 113-15, 305, 340-6
properties 1-2, 61-2, 301, 302
chemical reactivity 442, 442
density 33
dielectric constants 32
electronic 26-7, 107, 346
NIR photothermal conversion 319
spectroscopic 5, 7, 13, 18, 107-8
purification and separation 3, 26-35, 373-7
structure 302, 365
aspect ratio 1, 106
chirality 27-30, 106, 305, 346
diameter 27, 29, 33
synthesis 3334
assembly of arrays 32
control of product properties 26, 365-6
double-walled (DWNTSs) 386
oxidative cutting 349
carboranes
motion in carbon nanotubes 408, 408
structure and molecular imaging 406, 407
carboxylic groups
absence, on nanodiamonds 422
oxidized nanotubes, functionalization 108,
334, 349
catalysts
cationic metallofullerenes 177
use of CNOs 478, 479

Index 487
charge transfer see electron donor/acceptor
interactions
chemical vapor deposition (CVD)
carbon nano onions 473
graphene films 434, 434
polycrystalline diamond films 426, 429
SWNT production 374-5
chirality
carbon nanotubes
chiral vector and electronic properties
106, 346
selective supramolecular
interactions 27-30, 305
fullerenes 130-2
chitosan, as nanotube dispersant 23
chromatography
nanotube separation 30-1, 31, 317
separation of chiral fullerenes 153, 155
separation of endohedral from empty
fullerenes 222, 231
CIP (Cahn, Ingold, Prelog) rules 130
circular dichroism (CD) spectroscopy 134, 152,
154-5
circumacenes
size, effect on electronic structure 450-2,
451, 451
stability and synthesis 451-2, 452
structure 450, 450
cisplatin (CDDP)
nanohorn incorporation 396-7, 398
release rate 400
Clar’s sextet rules 437, 444, 451
‘click chemistry’ 338, 339
Composition B explosive 413
conductivity
carbon nanoribbons 439-41
nanotube 302
covalent gap-bridging 349-51, 350
electron percolation threshold 303, 318
metallic CNTs 107, 346, 354, 378-80
selective enrichment 26-7, 29, 376-7
semiconductor CNTs, in FETs 346-54
surface resistivity, honeycomb
films 322
resistivity of annealed nanodiamond
468-9, 469
constant potential electrolysis (CPE) 154,
154, 156
contrast agents see magnetic resonance
imaging (MRI)



488 Index
copper—nanocarbon complexes
fullerene, in photovoltaic cells 104
nanotubes, sol-gel dispersion in
chloroform 15, 16
corannulenes 203—4, 204
coronene (1-CA) 450, 451
Cotton effects (CD spectra) 134, 152
Coulombic interfacial interactions 421
covalent functionalization
see also addition reactions
carbon nano onions, experimental
evidence 473-8
effects on properties 2, 35, 338, 340,
346-7
electron donor linkage 94-6, 108-13,
33640, 337
fullerene-rich dendrimers 79-82, 87
nanotube sidewalls, types 334-6, 335
CPPAs (cyclic paraphenyleneacetylenes) 204,
205, 206
ring-in-ring complexes 207, 207, 207
crown ethers
azacrown ether hosts 191, 192
complexes with EMFs 276
fullerene tethered malonates 134-5, 136, 137
fullerene-nanotube assemblies 64, 65, 115
role in fullerene—exTTF complexation 52-6,
54, 55
cup-stacked carbon nanotubes
(CSCNTs) 116-17
cyclacenes 452-5, 453
Hiickel and Mobius forms 454, 454-5
cycloaddition 108, 334, 336
1,3-dipolar
Huisgen 74, 109, 338, 4734, 474
Prato reaction (azomethine ylide) 247,
249-50
[2+1] type
Bingel-Hirsch cyclopropanation 74,
131-2, 1329, 475, 475
nitrene cycloaddition 476, 476
Diels—Alder 246-7
fluorinated olefins, on metallic NTs 346
fullerene [5,6)] and [6,6] bond reactivity 139,
246-8, 267
regioselective effects in TNT-EMFs 249,
249-50
racemic product mixtures 149-50
cyclodextrins, fullerene complexes 191, 192
cyclotriveratrilenes (CTV) 194, 194, 1956

defects, structural
nanotube cutting, use for endohedral
loading 295, 295
Raman spectral evidence, CNO surface 467,
472, 475
dendrimers
attached to carbon nanotubes 63, 63, 113,
33840, 339
core shielding effects
optical limiting efficiency 77
solvent polarity shielding 80, 82
triplet excited state lifetimes 74, 76, 76-7
fullerodendrons 368, 368-9
oligophenylenevinylene (OPV)
cored 80-2, 81
silicon-phthalocyanine (SiPc) cored
82, 83
supramolecular self-assembled 82, 84,
86-7, 88
using host-guest exTTF receptors 60-1,
61, 62
as hosts, for fullerene guests 795, 196,
200, 201
light-harvesting fullerodendrimers 77-9
potential of dendritic architecture 73
stability and size of dendrites 86, 87
density functional theory (DFT) modelling 15,
373, 373, 377
graphene nanoribbons 438, 439
generalized-gradient approximation
~ (GGA) 440-1, 448, 454
local density approximation (LDA)
440, 443
theoretical cyclacene properties 452-3, 453
tight binding, self-consistent charges
(SCC-DFTB) 417, 419, 420
density gradient ultracentrifugation
(DGU) 33-5, 34, 305
detonation nanodiamond (DN) 413-14
diamond see nanodiamonds
diazonium, nanotube addition 334, 347
dielectrophoresis (alternating current) 32-3
Diels—Alder reaction 336
C0 and higher fullerene addition 139,
157, 158
cyclacene synthesis attempt 452
effect of C74 endohedral
encapsulation 231-2, 232, 232
structure of TNT-EMF cycloadduct 246-7
use in TNT-EMF purification process 240



discrete Fourier transform (DFT)
calculations 143, 145
dispersibility
nanotubes in organic solvents
concentration dependence 13-14
mixed solvents and electronic
tuning 371-2, 372
spectroscopic assessment 366, 366-7, 367
stability and aggregation 12-13
reversal by NIR laser 319, 320
stabilization agents
fullerene derivatives 368-71
natural polymers 17-19, 20-3, 315-17
polycyclic aromatic compounds 8-11, 9,
11, 14-17, 305-9
surfactants 3-8, 33—4, 303-5
synthetic polymers 19-20, 23-6, 309,
313-15
zeta potential, aqueous nanotubes 8
DNA, helical nanotube complexes 17-19, 18,
30, 315-17
drug delivery
potential of nanodiamond gels 426
use of SWNHox 396-7, 400-1
dynamic light scattering (DLS) analysis 293,
296, 414, 417

electrochemical deposition 102, 104-5
electron donor/acceptor interactions (charge
transfer)
charge separation stability
fullerodendrons 82, 85, 87
metallofullerenes 180-1, 276-7
covalent coupling 94-6, 108-9, 110,
33640, 337
hybrid approach 109, 111-12, 112, 340, 341
multistep 96, 100
photoinduced (PET) 57-8, 58, 64-5, 77-9,
94-9
supramolecular (noncovalent)
contact complexes 191, 191
donor—fullerene systems 96-9
in nanotube systems 113-15, 340,
342-6, 344
stabilized by hydrogen bonds 50-6
electron paramagnetic resonance (EPR)
spectroscopy 253—4,469-70,470,476,477
electronic devices
potential graphene use 434, 456
spintronic 440-1

Index 489
electrophoresis
alternating current (ac)
dielectrophoresis 32-3
direct current (dc) 31-2
for nanocarbon deposition on electrodes 102,
105, 116
electrostatic fields
on fullerene surface 792, 192-3
Mulliken charge density calculations
263, 264
on nanodiamond facets 419-20, 420
endohedral structures
see also metallofullerenes; peapods
carbon nanotubes 385-6
gadolinium sequestration, for MRI 294-7
molecular movement inside tubes 407,
408, 408-9, 409
fullerenes 130
chemical reactions 2224, 231-2, 246-54,
262-71
intramolecular electronic interactions 220,
222, 226-7, 231, 232
motion of atoms in cage 229-30, 246,
265-7, 268
NMR signal 224-6, 231, 244-6, 262
synthesis 215-22, 227-31, 23940, 261
supramolecular, with helical
wrapping 198-9, 199
synthesis 386
enzymes
activity, adsorbed on nanotubes 21
glucose oxidase (GOx) activity sensors 354,
355, 356

ferrocene
on light-harvesting dendritic antennas 79, 80
nanotube attachment 108, 337, 338
used in glucose sensor 356
supramolecular fullerene complexes 98,
98-9
buckyferrocene 176, 179
double-decker (di)ferrocene 177-8, 178
used in photoelectrochemical cells
183-5, 184
field-effect transistors
biosensor applications 3524, 353
use of functionalized CNTs 346, 346-51
chemical sensors 347-8, 348
light detection 348-9, 349
photosensors 63—4
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field flow fractionation (FFF) 30, 33
flavin mononucleotide, chiral nanotube
interaction 28, 28
fluorination
carbon nano onions 478, 478
fullerenes 142, 142
Cy4 157-8, 158
Cs 158-9
Cig 159
nanotube sidewalls 336
olefins, selective NT cycloaddition 346
Fréchet dendrons 77, 78, 195, 196, 201
friction coefficient
carbon nano onions 478-9, 480
nanodiamond lubricants 427, 427-8
Friedel-Crafts reaction 139
Fujita edge (graphene) 436
fullerenes
see also Cg; Cyp; metallofullerenes; peapods
applications 173, 215, 2904
charge separation properties 94, 1734
chirality
classification 131
separation approaches 153-6, 163, 202
dendrimer linked
as dendrimer core 74-9
in dendritic branches 79-88
derivatives, 3D structure and motion 406,
408-10, 409
dispersion interactions with
nanotubes 368-71
incorporation in SWNHox 397, 399
isomerism, in higher homologues 129-30,
152-3, 244
Cg cage isomers 155, 155-6, 156
Cy6 enantiomers 154, 154-5
Cg4 enantiomers 156, 157
reactivity and stability
control of product formation 146
effect of aromatic substituents 141-2
effect of endohedral inclusion 223-4, 227,
231-2
electronic explanation 157, 203, 261-2
regioselective effects 131-2, 224
trifluoromethylated derivatives 162
self-assembled donor-fullerene
monolayers 99-102, 100, 182-3, 183
stereodescriptor systems 130-1, 132
Newman-type projection 133, /33
Schlegel diagrams 141, 143, 143

supramolecular complexes
chromophore assemblies 96-9, 98,
200-3
concave recognition units 56-61, 193-7,
2034
host-guest structural types 189-90, 190
hydrogen bonded 50-6, 106, 198, 200
macrocycle complexes 191, 192, 274,
274-6
metal coordination compounds 174-8, 175
with organic electron donors 276, 276-7
penta-addend columns and vesicles 179,
179, 196, 197
functionalization
carbon nano onions 473-8
carbon nanotubes 2-3, 61-7, 333-6, 340-6
for dispersion and separation 26, 305
for electrochemical uses 108-13, 113-15,
33640, 347
cup-stacked nanocarbons 116, 117
fullerenes 74-9, 130-1, 1734

gadolinium
biocompatibility improvement 288-9
advantages of nanocarbon
structures 289-90, 292
compounds
for locating nanohorn adsorption
sites 398
as SWNHox plugs 400, 401
qualities, as MRI contrast agent 288
TEM images 295, 406, 407
toxicity of free Gd>* ion 290
gas sensors, use of CNT-FETs 347-8, 348
GBL (y-butyrolactone) 13-14
gel permeation chromatography (GPC) 30
gels
nanodiamond (SNBD) 424
NIR-responsive polymer/NT
composite 318-20
sol-gel silica glasses, fullerene-doped 77
graphene
see also nanographenes; nanoribbons,
graphene
density of states, compared with CNTs
442, 443
highly oriented pyrolytic graphite
(HOPG) 466, 471
interlayer distance, in graphite 393
production methods 434, 456



properties 4334

sheet edge structures 435, 435-8

shell structure, nanodiamond surface 417-19,
418, 421-2

zipper growth mechanism, in CNOs 466, 466

halogenation, fullerene 142, 142-3, 143
higher fullerenes 157-60, 159, 160
helium, fullerene encapsulation 219-20,
220, 231
high-speed vibration milling
fullerene dimerization 223, 223
in molecular surgery 216, 217
highly oriented pyrolytic graphite (HOPG)
466, 471
Hill coefficient 57
honeycomb composite films 320-3,
322, 323
host-guest structures see supramolecular
complexes
Hiickel molecular orbital calculations 455-6
Huisgen (1,3-dipolar) cycloaddition 109, 338
hydration, nanodiamond 416, 4224, 423
hydrogen bonding
assembly of cage host subunits 198-9
binding energies 50, 51
supramolecular aggregation in solution 200
supramolecular dispersion of nanotubes 15
time/motion TEM study 411
hydrogenation
endohedral encapsulation 219, 227-31
of fullerenes 140, 140-2, 141
of graphenes and nanotubes 441, 442,
442, 458

imaging techniques 303
magnetic resonance imaging (MRI)
biomedical application 287-9
sensitivity improvement by contrast
agents 288, 289-97
particle size distribution 414
resolution limits and development
405-6, 411
transmission electron microscopy (TEM)
clarity of crystal shape
(nanodiamond) 416, 416-17
3D structural information 409, 409-10
observation of molecular motion 408,
408-9, 411-12
operating temperature 408, 409

Index 491

sample integrity under observation
406-7, 411
indium tin oxide (ITO) electrodes 101
functionalization with buckyferrocene
SAMs 182-3, 183
semiconducting 102, 103
infrared (IR) spectroscopy, nanodiamond 422
ion exchange chromatography (IEC) 30-1
isolated pentagon rule (IPR) 129, 131
exceptions, in endohedral fullerenes 242-3,
244, 251, 262

Langmuir Blodgett films 99
lanthanum (La) endometallofullerenes
bis-silylation 266, 266-7
carbene reaction 263, 263, 264
dimetallic, position of caged metal
atoms 267-8, 268
cycloaddition reactions 267, 267, 268
‘missing’ (La@C5; and La@C,,) 2714
nucleophilic reactions 263-35, 265
Larmor frequency 287-8, 292
laser ablation 394, 472-3
layer-by-layer deposition 102, 103
lipids
nanotube binding and solubilization 23, 24
SWNT conjugate ( ion-complex 1) 321,
321-2
liquid crystalline materials
fullerene-based metallomesogens 179, 179,
196, 197
single-walled nanotube 13, 13
lubricants
carbon nano onions 478-9, 480
nanodiamond, action mechanism 426-8,427,
428, 428
‘lunar lander’ metallofullerenes 181-3,
182, 183

magnetic resonance imaging (MRI)
contrast agents (CAs)
characteristics and requirements 288-9
gadofullerenes 251, 289, 290-1
gadonanotubes 289, 294-7, 295
relaxation mechanisms 288, 2914
NM relaxation dispersion (NMRD)
profile 291, 292, 295-6, 296
uses and principle of technique 287-8
mechanical properties, carbon nanotubes
1,314



492 Index

metallofullerenes
endohedral (EMFs)
aggregation in aqueous solution 292-4
dimetallic 265-9
exobedral functionalization 263, 272-3,
290, 291
insoluble species in soot 271-4
monometallic 262-5
preparation and purification 239-40, 262,
275, 275, 290
structural characterization 240-6, 262,
263, 264
supramolecular complexes 274-7
trimetallic 24654, 269-71
penta-organo derivatives
leg attachment 181-2, 182
polyanions 179-80, /80
self-assembled electrode
monolayers 182-3, 183
supramolecular assembly 179, 179
photoelectric current generation
cell action mechanisms 183-5, /184
charge separation 180-1, /8]
synthesis
derivatives 176-7, 177
multimetal complexes 177-8, 178
single transition metal complexes 174,
174-6, 175
metallomesogens 179, 179
micelle encapsulation 3-4, 4, 8, 303, 314-15
microscopy see imaging techniques
Mobius cyclacene ribbons 454, 4545
modulus of elasticity see Young’s modulos
molecular swiiches 348, 349, 351
multi-walled nanotubes (MWNTs) 106
in electrochemical sensor devices 354
formation in underwater graphite arcing
471, 472
imaging of supramolecular complexes
65-6, 66
properties, compared with SWNTs 64, 67,
113, 378
protein adsorption 20-1, 21

nano-1 (artificial peptide) 19-20, 20
nanodiamonds
agglutination 414, 421, 424
annealing 429, 464, 465-6
history of discovery and synthesis 413-16,
418, 4289

detonation nanodiamond (DN) 413-14
shock synthesis 413, 414
ultra-dispersed diamond (UDD) 414, 416
single-nano buckydiamond (SNBD)
appearance and forms 476, 416-17
applications 425-8, 429-30
bleaching 419
colloidal gels 424
electronic structure 419-22, 421
geometrical structure 417-19, 418, 419
physical properties and size 416, 417, 424,
425, 429
tight hydration 422-4, 423
nanographenes (PAHs)
see aiso nanoribbons, graphene
circumacenes and periacenes 450, 450--2,
451, 451, 452
cyclacenes 452-3, 453, 454
Mdbius ribbons 454, 454-5
rectangular PAHs
acenes 447-50, 449, 449
electronic properties related to size 4485,
4457, 447, 448
spin density distribution 445, 446
structure and properties 436-7, 437
stability and electsonic structure 437
critical size 443, 446, 450~1, 455
shape varieties 445-6
nanohorns see single-walled nanohorns
(SWNHs)
nanoparticles
colloidal stability (diamond) 424
" density and particle numbers 424, 425, 428
functionalization of CNT-FETs for gas
detection 347-8, 348
growth, with dendrimer/NT
templates 339-40
health and safety issues 430
nanocomposite uses 426, 429
nanoribbons, graphene
armchair-edged (AGNRs) 4434, 444
zigzag-edged (ZGNRs) 435-6, 436, 43842
nanowires 354, 426
naphthalene diimides (NDI) 198-9, 199
near-infrared (NIR) absorption
by nanotubes, applications 318-20
spectroscopy 303
nitrene derviatives
addition to nanotube sidewalls 334
cycloaddition to CNOs 476, 476



NMP (N-methyl-2-pyrrolidone) 13, 15
NMR (nuclear magnetic resonance)
spectroscopy 220
see also magnetic resonance imaging (MRI)
characteristics of TNT-EMFs 244-6, 245
evidence for two H, molecules in Cyo 229,
229-30
evidence of endohedral motion 266-7
in fullerene aromaticity studies 224-6, 225
upfield spectrum shift, for endohedral
encapsulation 222, 229, 229
noncovalent interactions
charge transfer 9-10, 191, 309
charge separation lifetime and quantum
yield 94-9, 11315, 344
electrostatic, interparticle 420-1
hydrogen bonding 15, 56, 198, 200, 411
hydrophobic 4, 8, 191
n-stacking 9, 15, 25, 192-3, 305
solvatochromic effects 16, 190-1, 191, 276
van der Waals 2, 393, 398, 471
nucleus independent chemical shifts
(NICS) 224-5

ODCB (o-dichlorobenzene) 12-13, 216, 371-2
OEP (octaethylporphyrin dianion) 241,
244, 254
optical devices 319
gated memory mechanism 351, 352
nonlinear optical limiting 478
OPV (oligophenylenevinylene)
as fullerene-rich dendrimer core 80-2, 81
in light-harvesting dendrite subunits 77-9,
79, 80

p-orbital axis vector (POAV) analysis 263, 264
n- stacking interactions
concave receptors with convex
fullerene 53-6,58-60, 59, 194-7,203-7
hosts of fullerenes
hydrocarbons 192-3
porphyrins 199-203
nanotube dispersion agents 9, 15, 23, 25, 305
nanotube photoactive complexes 115,
343-6, 344
PAHs (polycyclic aromatic hydrocarbons) see
nanographenes
PBI (polybenzimidazole) 314, 314
peapods
amine-assisted dispersion 368

Index 493

electronic structure, with encapsulated Cgg
exciton effects 393, 393
optical band gap 388-93, 391-2
p-state coupling 391-2
photoluminescence behavior 387-8,
389-90
threshold filling diameter, with
fullerenes 388, 393
PEGylation reactions 251, 474
pentapod metallofullerenes, synthesis
181-2, 182
peptides
artificial, design criteria 20
in nanotube diameter sorting 27
nanotube dispersion 19-20
solar cell charge separation efficiency
control 105
use of H-bonding for heterodimer
construction 56, 56
periacenes
size, effect on electronic structure 450-1,451
stability and Clar’s sextets 451, 452
structure 450, 450
perylene (1-PA) 450
perylene bisimides 10, 17
PET (poly(ethylene terephthalate)) 321-2
metallic SWNT conducting films
378-80, 379
PFO (poly(9,9-dioctylfluorenyl-2,7-diyl)) 313
nanotube chiral selectivity 27, 313-14
PFO-BT (thiadazole derivative) 313
phenalenyl radical 455
photoinduced electron transfer (PET)
anodic and cathodic photocurrent 183-5, 184
energy level relaxation pathways 94-5,
95, 96
excitonic lifetime 107
quantum yield 96, 98, 100
photoluminescence (PL) spectroscopy 303
fullerene peapods 387-8
effect of chiral angle 392, 393
effect of diameter and strain 390-3, 397
emission energy (E;;) 389
excitation (PLE) contour plots 388, 390
excitation energy (E,) 390
nanotubes, effect of diameter 388, 389
SWNT dispersions 5, 303, 314, 315
with fullerenes 370, 371
photosynthesis, artificial 49, 56, 89, 934
multistep electron transfer mimics 96, 97
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photovoltaic devices
carbon nanotube functionalization for 67,
33645, 339
cell construction 116, 116, 342, 345, 345-6
electrodes, molecular scale
fabrication 99-106, 101, 181-3, 183
internal photoconversion efficiency
(IPCE) 102, 105, 11617, 340, 345
nanotube-doped organic polymers 25
optimal performance criteria 99
photocurrent generation 101, 102, 104,
337, 340
molecular orientation 183-5, 184
supporting reagents 179-80
phthalocyanines
as fullerene-rich dendrimer core 82, 83
nanotube functionalization 109, /10, 337-8,
338, 339
polyelectrolytes (humic acid, tannic acid etc) 23
polyimides 25, 314, 314, 319
polymers, interaction with nanocarbons
carbohydrates 22-3
DNA 17-19, 18, 30, 315-17
lipids 23, 24, 321-2
peptides 19-20, 27
polyelectrolytes 23
proteins 20-2, 3524
synthetic
block copolymers 25-6, 314-15, 316, 321
condensation (nanotube-reinforced
matrix) 23, 314
conducting 25, 313-14, 322, 342-3
fluorine-based 27
in hybrid chromophore attachment 109,
111-12, 112-13, 340, 341
smart gels 320
thermo/photosetting 317-18
vinyl 309, 313, 313, 319, 319
porphyrins
see also zinc porphyrins
chiral, as nanotweezers 29, 29, 309, 312
covalent tethering, to SWNTs 109, 110
derivatives, as nanotube dispersants 10-11,
14-15, 309, 310-12
fullerene complexes 50-2, 52, 87, 88,
199-203
cocrystallization 199, 241, 244, 254
liquid crystal properties 200
in organic solar cells 104, 104-5, 105
specificity, with higher fullerenes 202, 202

functionalization of dendrimers 201, 201,
338-9, 339
‘Jaws’ dimers 200, 200
nanotube conjugates, photophysical
properties 112-13, 336, 337, 340, 348
polymers, nanotube hybrids 113, 714
with pyrene NT electrostatic anchors 64,
64-5, 11315, 343, 343-5
PPVs (p-phenylenevinylenes) 25, 313, 351
see also OPV
production techniques 333-4
annealing 465-6, 472
CAPTEAR method 240
chemical vapor deposition (CVD) 374-5,
426, 429, 473
diameter control, nanotube 26, 388
electric arc discharge 23940, 272, 375-7,
470-1, 471
laser ablation 394, 472-3
layer-by-layer (LBL) assembly 102, 345
molecular surgery 215-16
aza-aromatics, thermal refluxing 216, 217,
217-18, 228, 228
challenges of metal insertion 233
high-speed vibration milling 216, 217
opening enlargement 218, 218-19, 228
product purification 222, 231
self-restoration 219
suture (closure) techniques 220-2, 221,
230, 230-1
proteins
nanotube solubilization 20-2
selective CNT-FET detectors 352-4, 353
purification processes
evaluation of purity 35, 375
impurity removal
oxidative purification 108, 334, 375, 377
in peapod synthesis 386
separation
centrifugation in organic solvents 374
chromatography 30-1, 31, 240, 317
density gradient ultracentrifugation 33-5,
34, 305
electrophoresis 31-3
HPLC 153, 155, 222, 231
selective interactions 26-30, 28, 29
“stir and filter’ selective reactivity 240,275
pyrene derivatives 9-10
fullerene amide, structural imaging 406, 409,
409-10



as 7-stacked nanocarbon tethers 64, 63,
305-9, 306-8
electron transfer efficiency 66-7, 67
with FETs/molecular switches 634, 349
functionalized with biomolecules 63, 63
photoactive NT hybrids 108-9, 113-15,
343, 343-5, 344
polymer pendants 313, 313
pyrrolidine derivatives
of CNOs 4734, 474
of fullerenes 98, 98
of fullerenes (OPV dendrimers) 77-9, 79
of TNT-EMFs 247-8, 248, 249-50

quartz crystal microbalance (QCM)
analysis 352, 353, 356

radicals, reaction with nanocarbons
addition to carbon nano onions 476-8,
477, 478
carbon nanoribbons 441, 441-2
endohedral fullerenes 227, 250-2
fullerenes 132, 143, 148
nanotubes 334
Raman spectroscopy
characteristics of SWNT films 369-70, 370,
372, 373
effect of heating nanodiamond 466-7, 467
evidence for Cgq incorporation in
SWNHox 397
radial breathing mode (RBM) shift 107-8,
305, 374-5
SWNT doping response 12-13
reactivity, chemical
carbon nano onions 473-8
carbon nanoribbons 441-2, 444
carbon nanotubes 442, 442
endohedral fullerenes 227, 240,
254,277
cage symmetry and electronic
structure 252-3
fullerenes 80, 131-2
nanodiamonds 429-30
regioselectivity 131-2, 224
relaxivity of paramagnetic materials
288, 290
effect of salt/buffered saline
concentration 293, 293-4
pH sensitivity 292-3, 293, 296-7, 297
temperature dependence 292, 297

Index 495

values
gadofullerenes 290-1, 291
gadonanotubes 295, 295
resins, nanotube composites 317-18, 318
resistivity see conductivity
ruthenium, Cgy complexes 176-7, 177,
181, 181

sapphyrins 115
scandium (Sc) trimetallic
endometallofullerenes 269-71,
270, 271
Schlegel diagrams 141, 143, 143, 147
self-assembly
honeycomb plastic/NT films 321-3, 322
monolayers (SAMs) 99-102, 182-3
supramolecular (noncovalent)
dendrimers 82, 86, 867
self-polarization, nanoparticle 427, 421-2
shuttlecock molecules 179, 179, 196, 197
single-nano buckydiamond (SNBD) see
nanodiamonds
single-walled nanohorns (SWNHs) 394-401
covalent molecular attachment, exterior
410,410
hole-opened (SWNHox)
adsorption sites 397-8
liquid phase incorporation 395-7
measurement by m-xylene adsorption
395, 396
oxidative hole opening 394-5, 395
release control, active 400, 401
release of materials 398400, 399
polymer gel phase transition, with NIR 320
preparation and structure 394, 394
single-walled nanotubes (SWNTSs)
characterization by spectrofluorimetry 5,
7, 303
electronic behavior, effect of fullerene
insertion 387-93
exfoliation from bundles 365-6
fluorescence signature 107, 367, 367,
370, 371
pH sensitivity, with adsorbed polymers
22,23
thermodynamic stability 14, 313
unzipping, ultrasonication with
surfactant 5, 5
gel-sol transition, in polymer
composites 320, 320
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single-walled nanotubes (SWNTs) (Continued)
liquid crystalline behavior 13, /3
metallic, preparation of conductive
films 377-80
polymer-wrapped 17, 18, 25, 309
with pendant chromophores 113, 342,
342-3
pyrene/electron donor-acceptor
hybrids 63-7, 64, 65, 108-9
surface film alignment
in cellulose derivative 22-3
by combing and printing 11, 12
tube end opening 386, 388
size exclusion chromatography (SEC) 30
slow combustion hole-opening (SWNHox)
395, 396
small angle neutron scattering (SANS) 303
sodium cholate (SC) 6, 7
in nanotube separation by DGU 33-4, 305
sodium dodecyl sulfate (SDS) 6
nanotube dispersion 67
in surfactant mixtures 32, 33, 305
sodium dodecylbenzene sulfonate (SDBS)
5,6
nanotube dispersant qualities 6-8, 303
solar cells
bulk heterojunction, structure 102, /04
fabrication methods, electrode composite
assemblies
electrochemical deposition 102, 104-5
Langmuir Blodgett films 99
layer-by-layer deposition 102, 103
self-assembled monolayers 99-102
spin coating deposition 105-6
vacuum deposition 102
porphyrin/CNT hybrids 309
potential use of TNT-EMFs 249-50
sonication see ultrasonication
spectroscopy
characterization of CNO derivatives 474,
475, 476, 477, 478
endohedral fullerenes, spectral features
222, 231
fullerene derivative structure
determination 141, 142, 144
fullerodendrimer PET and solvent polarity 78
measurement of NT dispersion
efficiency 366, 366-7, 367, 369-70
nanotube characterization 5, 7, 13
nanotube photophysical properties 107-8

scanning tunneling, for graphene edge
states 435, 438
transformation of nanodiamond to
CNO 466-7, 469-70
spin coating deposition 105-6
spiropyrans 348
stacked-cup carbon nanotubes
(SCCNTs) 116-17
starch (amylose) solutions, nanotube
solubilization 22
Stern—Volmer constants 196, 196
streptavidin
carbon nanotube binding 21, 21, 350
use in CNT-field effect transistors 351, 3534
supramolecular complexes
charge transfer, for optoelectronic
applications 102, 103, 340-6
fullerene-based 57-8, 58, 96-9, 191,
274-7
nanotube-based 64-7, 113-15, 114
curable nanotube composite resins 317-18
host-guest structures 190
concave/convex 193-7, 2034
dimeric hosts 197, 197-8, 198
nanotweezers 29, 56-60, 200-1, 204, 205
polymer wrapping 198-9, 199
ring-shaped hosts 201-3, 2047
selective interactions with
nanotubes 26-30, 309
multiple noncovalent interactions 50, 86,
190-1, 203
axial metallic coordination and
n-stacking 64, 64
H-bond and electrostatic, fullerene
dyads 50-2, 51, 52
H-bond and van der Waals, helical
hosts 198-9
multiple hydrogen bonds 50, 51
n-n and van der Waals, at concave
surfaces 58-60, 59, 192, 192-3, 206
organic solvent solubilization 15, /6
stability of complexes in solvents 193, 194
surfactants
adsorption mechanisms 4, 4, 7-8, 304-5
mixtures, for nanotube sorting 334, 305
types 5-6, 6, 304
biological 7, 22, 304
conventional detergents 67, 303
oligomeric thiophenes 15-16
use in biosensors 352-3



tensile modulus see Young’s modulus
tensile strength, carbon nanotubes 1, 302
tetrathiafulvalenes (TTFs) 336-7, 337, 343
applications 49-50, 56
fullerene complexes 59
BEDT-TTF, contact complex 191, 191
concave host shape 204, 204
hydrogen-bonded dyads 50, 51, 96, 98
nanotube complexes, with pyrene 65,
65-7, 67
n-extended analogues (exTTFs) 50
ammonium-crown ether fullerene
complexes 52-6, 55
as concave fullerene recognition
units 56-60, 57, 59, 204, 205
crown ether triad macrocyle 52, 53
in polymer and dendrimer
construction 60-1, 61, 62
radical ion pair state, with SWNTs 108-9
truxene (truxTTFs) 60, 60
thermal conductivity
carbon nanotubes 302
nanodiamond 429
thermal gravimetric analysis (TGA)
CNO functionalization experiments 474,
475, 475, 476
nanotube characterization 375
SWNHox, surface area/pore volume 395,397
SWNT-pyrene-TTF/exTTF hybrids 66
thiophenes
electrostatic nanotube hybrids 115
oligomeric
as fullerene dyad, in SAMs 99, 160
as surfactants 15-16
optical switching devices 351, 352
in photovoltaic devices
with fullerenes 105-6, 106
with SWNTs 342-3, 344
TNT-EMFs (trimetallic nitride templated
endometallofullerenes)
chemical reactivity 246, 247, 269-71, 270
cycloaddition reactions 246-50
free radical/nucleophilic addition 250-2
discovery 239
electrochemical properties 252, 2524, 253
potential applications
MRI contrast agents 251, 290, 294
solar cells 249-50
preparation 239-40
purification 240

Index 497
structural characterization
approaches and challenges 240-1
crystallography, with exohedral
adducts 244, 245
NMR spectroscopy 244-6, 245
X-ray diffraction, with porphyrin
cocrystals 241, 241-4, 242, 243
tribology see lubricants
trifluoromethylation, fullerene 143-7,
160-2
Troger base derivatives 135, 137, 138

ultra-dispersed diamond (UDD) 414, 416
ultrasonication
extraction of metallofullerenes 275
nanotube cutting 32
nanotube unzipping mechanism 5, 5
in ODCB, nanotube dispersion
stability 12-13

vacuum deposition 102
van der Waals interactions
distance, in ring complexes 207
formation of CNO crystals 470, 471
inter-fullerene, in layer-by-layer
deposition 102
inter-nanotube 2
nanotube-fullerene (in peapods) 393
and release rate from nanohorns 398
van Hove transitions 108, 303, 368, 375, 387
voltammetry, in electronic characterization 61,
82,222

water

adsorption on nanodiamond 4224, 423
content of colloidal gels 424
encapsulation in endohedral fullerene 216
permeation of fullerene bilayer

vesicles 179
proton relaxation, in MRI 287-8,

294, 296
role in CNO arcing production 471, 472

X-ray diffraction
fullerene encapsulation structures 219, 220,
2414, 243, 245
nanodiamonds and CNOs 467-8, 468
perfluoralkylated fullerene isomers 145-7

Young’s modulus 1, 62, 302, 429



498  Index

zeta potential, nanotubes 8 zinc porphyrins
zigzag-edged graphene nanoribbons (ZGNRs) axial coordination with nanocarbons 64, 64,
436 87, 88, 98

chemical reactivity 441, 441-2 covalent attachment to nanotubes
half-metallicity 43941 109, 110
localized electronic states (at edge) 435, 438 photodynamics, in fulierene composite
magnetic phases 436, 439, 439 94-5, 95
spin ordering, electronic 439, 440 protoporphyrin IX 309, 310

synthesis 436, 437-8 stabilization of fullerene complexes 201





