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acoustical microscopy 341, 346
acrylates 27,218

acrylontrile liquid rubber 79

activation energy 132, 202, 209

addition—fragmentation chain transfer 27,
189, 233

addition polymerization 224

aerospace applications, of self-healing
composites

— curing cycles 406

— general considerations for 401-405

— — healing efficiency at low temperatures

408-410
— — stability and reactivity of catalysts
405-407

— self-healing system, design of 404

— structural applications 403

amine-epoxy healing system 225-227

amino silane 222

amphiphilic comb copolymers 101

amphiphilic polymers 84

anionic polymerization 44, 206, 207

anionic reactions 235, 236, 237

anisotropy 199

annealing 78, 80, 401

anthracenes 26, 27, 45, 48, 176, 232,
233

anticorrosive coatings

antioxidants 235

apolar liquid 248

Aristolochia macrophylla 62, 69-72, 75,
81
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— methodology for 103-105

— “repair-and-go” scenario 108

— steady shear flow, effect of 105-108

— utility of applying a pulsatile flow
108-110

383-386

aspartic imide 79

association constant 34, 35, 130, 279, 280,

283, 285

atomic force microscopy (AFM) 201, 254,
350, 351

atom transfer radical polymerization
(ATRP) 160, 295

attenuated total reflectance Fourier
transform infrared (ATR-FTIR)
spectroscopy 347

attenuated total reflection (ATR) 65

axial compression 166

azide-alkyne cycloadditions 22, 225

azide-alkyne healing system 225

azobenzene 48, 176
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ballistic damage in ionomers, healing of
346, 347

ballistic impact 35, 323, 328, 346

barbituric acid 34, 50, 51, 131, 277, 292,
294, 295

Belousov—Zhabotinsky reaction 305

bending tests, for multilayer films
344

benzotriazole (BTA)
385, 388, 389

Bergman cyclization 205

— swelling activation of 206

binding energy 277, 279

biochemical healing 8

bio-inspired healing agents 67

bio-inspired self-healing elastomers

— ionomeric elastomers 78, 79

— micro-encapsulation 77, 78
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bio-inspired self-sealing membranes,
concept generators

— latex plants  63-69

—lianas  69-72

— succulent plants  72-75

biomimetics 49, 62, 72, 75-77, 85, 101,
178, 277, 396

— bio-inspired physical transfer 82-84

— foam coating 81

— self-repairing elastomers 64, 68

biosensors 302

bio-synthesis 63

biradical transition 163

blow films 322

Boltzmann constant 94

bond lifetime 280-282, 288

boundary conditions 103, 105, 303

“bricks and mortar” morphology 155
Brownian motion 11, 104, 117

bulk materials 36, 176, 189, 284-297
butadiene 157

c
callus formation 63, 73
Campanulaceae 63
Campanula glomerata 63, 67
Campanula latifolia 63, 67
capsule-based self-healing epoxies
— self-healing epoxies
— — capsule/catalyst healing system 363,
364
— — dual-capsule healing system 364, 365
— — single capsule healing system 365
— self-healing fiber-reinforced epoxies
366
— — barrier properties, recovery of 368
— — impact damage, recovery from 366
— — macroscale properties and interfacial
bond strength, recovery of 367, 368
— — mode I fracture toughness, recovery of
366
carbene catalyst 10
carbon—carbon bonds 38, 95, 156, 157
carbon fibers 164, 218, 220, 226, 229, 366,
370, 374, 401
carbon nanotubes (CNTs) 227, 256, 257,
259, 348, 371, see also halloysite nanotubes;
multi-walled carbon nanotubes (MWCNT)
catalytic species, activation of 204-207
catechol-iron complex 36, 329
cationic curing 20
cationic ring-opening polymerization 223
cells, see plant cells
center-of-mass diffusion 124

362

365,

chain mobility 12, 13, 27, 188, 209, 233,
276, 281, 284, 288, 293, 294, 326, 344, 345,
365, 382

charge transfer

chemical

— coagulation 65

— degradation 1,7, 337

- equilibrium 202, 207-210

— healing 9, 315

— oxidation 263

chiral magnets 302

chitosan polyurethane networks

cinnamoyl groups 45, 232

cis—trans isomerisation 48

click chemistry 10, 16, 21, 22, 139, 251

292, 348

347

click reactions 21, 22, 51, 225
coatings, see also self-healing coatings
—acrylic 224

— extrusion 322

— foam 81, 82, 85

— fracture response of 348

— healing of 370, 371

— organic-based 386

— powder 160

— self-sealing 81, 82

—sol-gel 256, 261, 263, 393, 395

— surface gloss properties of 347

coaxial electrospinning 250

cold-curing 227, see also heat-curing

compact tension (CT) 167, 371

composites

— fiber-reinforced 346, 366, 370, 373-375

— healing of impact damage of 346

— self-sensing, self-healing vascularized
371

compression after impact (CAI)

compression molding 321

compression test 80, 159, 160, 200, 201,
387

computed (X-ray) tomography (X-ray CT)
341-343, 346

computerized vibro-thermography 402

condensation polymerization 180, 254,
304

conformational entropy 13, 92, 155

constrained geometries simulate external
force (COGEF) 202

constraint release (CR) 127, 134

contour length fluctuations (CLF)
134

copolymerization 159, 160, 233, 236

copper(I) catalyzed alkyne-azide
cycloaddition (CuAAC) 21, 51, 53

core-sheath nanofibers 255, 264

366

127-129,



core—shell nanofibers 84, 85, 250, 255,

257
corrosion 228, 395
— inhibitors 255, 256, 260-263, 351, 352,

383-388, 392, 393, 395
— methods for healing of protection against
351
— — electrochemical impedance spectroscopy
352
— — potentiostatic measurements 352
— — scanning electrochemical microscopy
353-356
— — scanning vibrating electrode technique
352, 353
— resistance 215, 361, 383-386, 395
coumarin 45, 47, 48, 177-188, 234
— photodimerization of 186
covalent chemistry 10, 236, 401
covalent network formation
— irreversible 16-22
— reversible 22-28
crack formation 7, 139, 346, 383
crack healing 12, 13, 153, 154, 168, 186,
188, 189, 257, 383
—in glassy polymers 13
- light-induced 232
crack propagation 167, 178, 186, 345, 374,
383
crockmeter test 347
crosslinked polymers, see thermosets
crosslinking 9, 160
— autocatalytic behavior 21
—Dbonds 193
— chemical 2, 10
— density 36
— photochemical 2
— reversible 2
— stress-induced 164
crystallization effects 285
curing agents 20, 364, 407
current density 352, 393
current density—voltage (J-V) measurements
348
current-voltage (I — V) measurements
348
cyclic dienes
cyclic monomers 26, 232
cyclic oligomers 208, 236
cycloaddition reaction 21, 22, 27, 45, 139,
157, 158, 173, 209, 210, 225, 232
cyclooctene 44
cyclopentadiene dimer 157
cyclopentadienyl trimer 162
cycloreversion reaction 22, 164

157, 232
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damage-healing cycles 229

damage-induced cracking 215

Debye function 120, 121

deformation of polymers

degree of crystallinity 195

delamination 247, 339-341, 350, 366, 370,
374, 401, 411

Delosperma cooperi 62, 72-75

dendritic macromonomers 48, 176, 329

dendritic polymer 84, 233

density functional theory (DFT) 91

diblock copolymers, melt morphology of
304, 305

diacyldiaminopyridine 34

2,7-diamido-1,8-naphthyridine 34, 277

2,6-diaminotriazine (DAT) 277, 285, 287

dicyclopentadiene (DCPD) 16, 26, 44, 139,
218-221, 237, 251, 363

— encapsulation of 253

— self-healing behavior of 232

dicyclopentadienyl monomer 157

dielectric constant 316, 317, 320, 329

194-196

dielectric spectroscopy (DR) 116, 117, 123
Diels—Alder (DA) bonds 372
Diels—Alder (DA) reactions 10, 16, 22, 141,

156-161, 173, 204, 231, 232

dienophile 22, 27, 156, 157, 159, 161, 164,
189, 204

differential scanning calorimetry (DSC)
139, 220, 288, 317

— temperature-modulated 165

diffuse neutron scattering (DNS) 134

diffusion 9, 11-13, 104, 117, 124, 134,
135, 148, 153, 154, 186, 229, 233, 350,
368, 393

dihydrodicyclopentadiene 16

dimerization constant 279

dimethylnorbornene ester (DNE) 364

direct current (DC) technique, for study of
healing capabilities 352

dissolved healing agents 373

disulfide bridges 27, 234

dithioester 157

DNA base-pairing 34

double cantilever drilled compression
(DCDC) test 369

double cleavage drilled compression (DCDC)
166, 167

drought layer of dead cells 62

dual-capsule healing system 364, 365

dual cross-linked nanogels, designing of
92,93

— methodology for 94-97
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— optimization of mechanical response for
101

— results on application of tensile
deformation at

— — constant force 97

— — constant velocity 97-101

ductility 97-99, 101

dynamers 277

dynamic coordination bonds 35

dynamic electric permittivity 117

dynamic light scattering 389

dynamic mechanical analysis (DMA) 53,
116, 139, 165, 220, 344

e

E. characias 63

Eisenberg—Hird-Moore (EHM) model
317

elastic deformation 320, 324

electrical conducting functionality, healing
of 348-350

electrochemical impedance spectroscopy
(EIS) 344, 345, 352

electrocyclic ring-opening reaction 44, 45

electromagnetic irradiation 384

electron density 157, 319

electron spin resonance (ESR) spectroscopy
167, 194

electrospinning technique 250, 251, 257

electrostatic interactions 195, 301, 304,
305, 317, 329

elongational flow 198, 201

emulsification 223, 250

emulsion polymerization 248, 251, 383

E. myrsinites 63

endothermic enthalpy of reaction 161

energy dispersive X-ray spectroscopy 257

energy dissipation 195, 196

enthalpic interactions 14, 103

environmental scanning electron (E-SEM)
microscopy 340, 341

EPIKURE 3274 20

epiphytic growth habits in plants 61

EPON 815C 20

EPON 828 21, 22, 405

epoxide chemistry 10

epoxides 16, 20, 222, 224, 227, 372

epoxy-amine resin 20

epoxy-based healing system 227, 228, 361,
401

— capsule-based healing 362

— — self-healing epoxies  363-365

— — self-healing fiber-reinforced epoxies

365-368
— design for reversibility 371-373

— intrinsic healing systems

— — dissolved healing agents 373

— — phase separated healing agents 373

— — resin design for reversibility 371-373

— — solid-phase healing agents 373, 374

— vascular-based healing 368, 369

— — fracture damage, recovery of 369, 370

— — healing of coatings 370, 371

— — impact damage, recovery of 370

— — self-sensing, self-healing vascularized

composites 371

epoxy curing 20

epoxy + latent hardener/catalyst healing
system  222-224, see also epoxy-based
healing system

epoxy resins, see epoxy-based healing system

esthetic damage, healing of 347, 348

2,4- bis (2-ethylhexyl-ureido)toluene (e,
EHUT) 277

5-ethylidene-2-norbornene (ENB) 16, 220,
221, 404, 408

Euler scheme 104

Euphorbia amygdaloides 63

Euphorbia plant species 63, 65, 67, 75

extrinsic self-healing materials 10,
215-218, see also intrinsic self-healing
materials
— catalytic systems
— — azide-alkyne healing system 225
— — DCPD/5-ethylidene-2-norbornene (ENB)
+ Grubbs’ catalyst healing system 220,
221

— — dicyclopentadiene (DCPD) + Grubbs’
catalyst healing system 218-220

— — epoxy + latent hardener/catalyst healing
system 222-224

— — siloxane-based healing system 221, 222

— — thiol-ene healing system 224, 225

— — thiol-epoxy healing system 224

— — thiol-maleimide healing system 225

— non-catalytic systems

— — amine-epoxy healing system 225-227

— — epoxy-based healing system 227, 228

— — isocyanates-based healing system 228

— — molecular interdiffusion 228, 229

— — vinyl ester healing system 228

— novel approaches and perspectives for
264, 265

— self-healing systems

extrusion coatings 322
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fatigue crack propagation 345
fatigue damage 224
— healing after 345, 346

216, 217



fatigue loading 222, 346, 363, 374
fatigue testing 374
fiber formation 282, 285
fiber-reinforced composites
370, 373-375
Fickian diffusion 124, 126
Ficus benjamina 62, 63-69, 75
field emission gun SEM (FEG-SEM) 340
finite modulus of elasticity 147
Flory—Fox equation 13
Flory-Huggins approximation 143
fluorescence microscopy 338
fluorescence polarization 199
fluoroalkenes 163, 165
foam coating 72, 81-85
Fourier transformation 122, 127
Fourier transform infrared (FTIR)
spectroscopy 344, 406
fracture damage, recovery of 369, 370
fracture load 345, 410
fracture toughness 166, 167, 215, 223, 227,
251, 343, 363, 364, 370, 374
free energy 10, 13, 142, 277
free energy density 143
freely jointed chain (FJC) 117-119
free radical polymerization 160, 161, 249,
295
free radicals 161, 167, 168
friction coefficient 351
friction recovery, for lubricant healing
systems 351
Friedel-Crafts alkylation 159
functional integrity, healing of
— electrical conduction recovery 348-350
— esthetic damage 347, 348
— friction recovery 351
— hydrophobicity 350, 351
— protection against corrosion 351
— — electrochemical impedance spectroscopy
352
— — potentiostatic measurements 352
— — scanning electrochemical microscopy
353-356
— — scanning vibrating electrode technique
352, 353
— thermal conduction recovery 350
furan 26, 157, 159, 160, 165, 167, 232
furan-maleimide-based polymers 22
furfurylglycidyl ether (FGE) 372

164, 346, 366,
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Gaussian distribution 120, 198

gelation 140
— micro-phase order—disorder transition
147
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— phase separation and  147-149
— states of 144

— thermodynamics of 141-143
gel point 140, 142-147, 281
gel-to-sol transition 165, 176
gel transition 143

glass fiber-reinforced composites 219,
372-374

glass fibers 164, 225, 228, 256, 368, 370,
372

glass transition temperature 11, 13, 139,
153, 159, 183, 184, 195, 220, 254, 263, 306

glycidyl methacrylate (GMA) 227

graft-polymers 279, 281

Grubbs’ catalyst 16, 17, 49, 139, 208,
218-221, 237, 259, 363, 364, 403, 404

h

halloysite nanotubes 256, 261, 385, see also
carbon nanotubes (CNTs); multi-walled
carbon nanotubes (MWCNT)

Hamilton Wedge 34, 50, 51, 277

healing agents 218, 223

— dissolved 373

— phase separated 373

— polyurethane-based 228

— solid-phase 373, 374

healing performance, efficiency and
assessment of 165-168

heat-curing 20, 227, see also cold-curing

heat flux 350

heteroatom—carbon bonds 157

heterolytic bond cleavage 197

Hevea brasiliensis  63-69, 316

Hevein dimers 64, 78

hierarchical Bell model (HBM) 92, 95
'H-NMR spectroscopy 406

hollow glass fibers (HGFs) 218, 225, 226,

228, 256, 368, 370
homoditopic heterocomplementary
monomers 130
homolytic bond cleavage 196, 197
homolytic photolysis 27, 233
homopolymerization 159, 225
homopolymers 131, 178, 198, 321
Hoveyda—Grubbs’ second generation catalyst
(HG2) 219, 364, 403, 404, 406
hybrid nanocpasules 251
hydrogels 27, 148, 149, 283, 329, 384
hydrogen-bonded polymers 28
hydrogen-bonding brush copolymer (HBP)
294-296
hydrogen bonds 28, 33, 34, 37, 76, 115,
130, 131, 186, 195, 229, 277, 301
— activation energy 132
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— dynamics of 279, 280
— re-formation of 361
— sextuple 34
hydrophilic monomers
hydrophobe 248
hydrophobic
—cracks 102, 103, 105
— interactions 301
— nanoparticles 101-103, 105
hydrophobicity, healing of 350, 351
hydroxy end-functionalized
polydimethylsiloxane (HOPDMS) 221
hydroxyl radicals 71, 203

251, 253

i

impact damage, healing of

— ballistic damage in ionomers

— composites 346, 370

imprinted polymers 48

infrared (IR) spectroscopy 65, 165, 196,
406

infrared thermography 402

inorganic nanocapsules 251

inorganic—-organic composite

in situ polymerization 218

in situ scanning vibrating electrode 256

intelligent materials 85, 173, 189

interfacial polycondensation 251

interfacial polymerization 218, 228, 263,
387

interfacial shear strength 220, 368, 371,
373

3406, 347

164, 165

interfacial step-growth polymerizations 248

interfacial thermal transport 350

intermolecular forces 11

intermolecular interactions 186

internal reflection IR imaging (IRIRI) 347

interpenetrating polymer networks (IPN)
154, 155

intra-chain monomers 120

intrinsic healing systems

— dissolved healing agents 373

— phase separated healing agents 373

— resin design for reversibility 371-373

— solid-phase healing agents 373, 374

intrinsic self-healing materials 10

— molecular interdiffusion of 229-231

— other systems 236

— reversible bond formation

— — anionic reactions 235, 236

— — Diels—Alder/Retro-Diels—Alder reaction

231, 232
— — disulfide bridges 234

— — photochemical trigger 232-234

— — pH-responsive systems 236

— — radical fission/recombination 234, 235

— self-healing systems 230

ionic bond 76

ionomeric elastomers

ionomers 28, 35

— applications and availability of 320-322

— basic principles of 315-319

— definition of 315

— Eisenberg-Hird—Moore (EHM) model
317

— healing of ballistic damage in 346, 347

— methacrylate-based 317

— order—disorder transition 317, 326

— properties of 319, 320

— in self-healing systems 322, 323

— — actual developments and future trends

327-331

— — general mechanism 323-326

— — healing mechanism 325

— thermally reversible crosslinked system
319

— thermal properties of 326

— thermoplasts 324

isocyanate chemistry 10

isocyanates-based healing system 228

isotopic substitution 117

68, 78,79
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laticifers 63, 64

lap shear test 343, 344

laser light scattering 194

latex-based self-sealing  63-69

latex coagulation 64, 65, 67, 68, 75, 78

laticifers 63, 64

lattice Boltzmann model (LBM) 103, 104
lattice-gas 143

lattice spring model (LSM) 92, 94, 103

layered double hydroxides (LDHs) 263

leaching 80

leukocytes 91, 92

— artificial leukocytes, designing of
101-110

Lewis acid 157, 223

lianas, self-sealing and self-healing in
69-72

ligand—metal bond 205

light-responsive capsules

lignifications 63

linear metallosupramolecular polymers 36

lipophobe 248

liquid crystals 176

— phase structure of 177

— polymers 178
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living polymerizations 51, 161, 207

lower critical solution temperatures (LCSTSs)
148, 263

lutoids 64, 65, 68
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macromonomers 17, 20, 48, 132, 176

maleimides 20, 22, 26, 44, 156, 157, 159,
160, 167, 225, 231

mechanical decomposition 163, 164, see
also thermal decomposition

mechanical deformations, of plant organs
and cells, 62

mechanically induced self-healing 44

— nanocapsules  251-255

— nanofibers and nanotubes 255-258

mechanical properties, healing of

— after fatigue damage 345, 346

— after impact damage, see impact damage,
healing of

— after static damage 343-345

mechanical stress in materials
208

— development of 194

— dissipation of 194

—effect of 193

mechanochemical activation, of catalysts
44

mechanochemical damage

— deformation 194-196

— heterolytic bond cleavage 197

— homolytic bond cleavage 196, 197

mechanochemical network formation

— mechanochemical activation of catalysts
44

— reactive species, generation of 38-44

mechanochemical reactions 10, 45, 194,
198, 200-203, 205

mechanochemistry 2, 38, 193, 194, 201,
210, 211

mechanophore activation 200, 201

mechanophores

— activation of

— — compression 200, 201

— — other methods for 201, 202

— — tensile testing  198-200

— — torsional shear testing 200

— — ultrasound 198

— concept of 194

— mechanical force, effect of 196

— mechanochemical damage

— — deformation  194-196

— — heterolytic bond cleavage 197

— — homolytic bond cleavage 196, 197

164,
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— — activation of catalytic species 204-207

— — disruption of equilibrium 207-210

— — production of reactive species 202-204

— positioning of 194

melt viscosity 126, 127, 320

merocyanin (MC) 197, 199

metal bonding 28, 50

metallic nanoparticles 265

metal-ligand complex 305, 311

metal-ligand interactions 35, 36, 301-303,
307-309, 311, 327, 329, 330

metallopolymers 301, 302, see also
organometallic polymers

- binding constants for 303

— boundary conditions 303

— complexation of 304

—gels 306

— hydrophilic properties of 305

— metal incorporation in 304

— metal-ligand interactions 302, 307, 309
— self-healing  307-309
— stimuli-responsive  305-307

— thermodynamic property of 302

metallo-proteins 301

metallosupramolecular gels

metallosupramolecular polymers
329

metal-metal complexes

metal oxidation 305

methyl barbiturate 79

Michael addition reaction 22, 225

micro-cracks 77, 80

microencapsulation 16, 49, 77, 78, 80, 237

- of liquid healing agents 352

microphase separation 148, 184, 282, 285,
286, 305, 316, 320, 329

— theory of 50, 131, 132

micro- (computed) tomography 341-343

micro-laminate 85

micro-optic-mechanical-system 75

miniemulsions 248, 249, 254

— radical polymerization 251

mixed silane 222

molar feed ratios 180

molecular diffusion 8,9, 11, 50, 117, 229,
402

— across crack interface 153, 154

molecular dynamics 34, 91, 139, 140, 197,
202, 257

molecular interdiffusion 11, 13, 38

— of intrinsic self-healing materials
229-231

— of thermoplastics

281, 329
36, 176,

2,287
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molecular orbitals 157, 163
molecular selfassembly 10
molecular “switching” 44, 48
molecular toolbox 36
mono-functional contaminants
Monte Carlo simulations 91
Morse potential 104, 196
multiple time healing 50, 51
multivalent metal-ligand interactions 35,
36
multi-walled carbon nanotubes (MWCNT)
227, see also carbon nanotubes (CNTs);
halloysite nanotubes

130

n

nanocapsules 251-255

— characteristics of 252

nanocomposite materials 164

nanocontainers, types of 386-389

nanofibers 255-258

— characteristics of 256

nanoparticles 9, 11, 91

— chemisorbtion of 104

— diffusion of 104

— self-healing 14

nanoporous magnets 302

nanotubes  255-258, see also, carbon
nanotubes (CNTs); halloysite nanotubes;
multi-walled carbon nanotubes (MWCNT)

naphthalene-diimide 277, 291, 297

Navier—Stokes equation 103

near-field scanning optical microscopy 338

neutron scattering 115, 117, 119, 123,
133-135

neutron spin echo (NSE) spectroscopy 121,
128, 135

Newtonian liquid-like behavior 149

Newton’s equations of motion 103

N-heterocyclic carbene (NHC) 44

nitrile butadiene rubber (NBR) blends 78,
80

NO-C bonds healing mechanism 161-163

non-covalent forces 195

norbornene 16, 44, 221

nuclear magnetic resonance (NMR)
165, 344

nucleation 198

nucleobases 34, 131, 285

117,

o

odd random phase multisine electrochemical
impedance spectroscopy (ORP-EIS) 352

oil-in-water (o/w) emulsion 218, 228, 248,
387

olefin metathesis 10

oligomers 84, 131, 207, 208, 236, 284,
345

open circuit potential (OCP) 352

optically healable metallosupramolecular
polymers 176

optical microscopy 338-340, 342, 366

organic monomers 304

organic radicals 161

organometallic polymers
304

Ostwald ripening 248, 251

oxidative burst 62

oxygen radicals 71

197, 205, 303,

palladated pincer complexes 36
patching 9, 14, 402
perfluorocyclobutanes
pericyclic reaction 48
phase decay 147
phase segregation 285
phase separation 250, 306, 320
—and gelation 147-149
— healing agents 373
—rate of 148
photochemical healing 45, 173, 176, 177
photochemical modulation 176
photochemical trigger 232-234
photocrosslinking 48, 183, 184
photocycloaddition 173, 174, 177, 232
photodegradable polymers 259
photodimerization reactions 173, 177, 178,

180, 183, 184, 1806, 188, 234
photoinduced cyclodimerization 173
photoinitiators 189, 224, 233
photoirradiation 47, 209, 259
photo-remendable polyurethane
— molecular design of
— — dihydroxy coumarin derivatives

179-182
— — monohydroxy coumarin derivatives
178, 179

— photo-remendability, evaluation of

185-188
— reversible photo-crosslinking behaviors of

182-185
photoreversible reactions
pH-responsive systems
— characteristics of 261
pH-value 44, 48
physical crosslinking points 35
n-dissociation energy 163
m-electron-poor moieties 37, 291

163, 164, 165, 209

176

173
236, 260-263



n-electron-rich moieties

n—n stacking interactions
292, 297, 301

pincer complexes

plant cells

— division 63, 71-73

— turgor 75, 80

—wall 62,71,72

plasma etching 350, 351

plastic deformation 71, 199-201, 310, 324,
345

plasticization of the cell wall 62

platinated pincer complexes 36

plateau modulus 128, 132, 281, 288, 293

poly(acrylate) 21, 60, 61

poly(acrylate amide) 34

polyaddition reaction 26, 247

polyanions 263

poly(butadiene)s (PBDs) 286

polybutylacrylate (PBA) 84

poly(n -butyl acrylate) (PnBA) 288

poly(e-caprolactone) (PCL) 373

polycations 263

polycondensation 16, 17, 27, 28, 130, 180,
221, 247, 251

polydiethoxysiloxane (PDES) 221

poly(dimethyl siloxane) (PDMS) 102, 222

polyelectrolytes 249, 260-262, 315,
384-386, 388

— fabrication of 387

poly(ethylacrylate) (PEA) 282

poly(ethylene glycol) (PEG) 38, 283

polyethyleneimine (PEI) 78, 80

polyethylene-co-methacrylic acid (PEMAA)
35, 228, 229

polyglycerol 176, 233

polyimide copolymer

poly(isobutylene) (PIB)
225, 285, 292

polyisoprene 63

polymer block copolymers

polymer chains

— application to self-healing 130-133

— diffusion of 139, 153

— dynamics of 120-123

— Kratky representation of 120, 121

— log-log representation of 120, 121

— Rouse model for 123, 124

— structures of 117-120

— tube model for 124-130

polymer characterization, techniques for

— dielectric spectroscopy (DR) 117

— dynamic mechanical analysis (DMA)
117

37,291
28, 37, 276, 291,

36, 329

291, 292, 297
21, 34, 50, 132,

131

116,
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— nuclear magnetic resonance (NMR)
117

polymer fibers 256

polymer/glass interface

polymeric microcapsules 92, 105, 384

polymer nanocapsules 251, 263

polymer nanofibers 257

polymethylmethacrylate (PMMA)

poly(N-acetylethyleneimine)s 26

poly(N-isopropyl acrylamide) (PNIPAM)
148, 149, 263

polyol stearate 81, 84

poly(perfluorocyclobutane) (PPFCB)

poly(phenylene ether) (PPE) 38

polysaccharides 62, 71

poly(styrene) 34, 294, 296

poly(styrene-maleic anhydride)-block-
polystyrene (PSMA-b-PS) 251

poly(THF) polymers 285

poly(urea-formaldehyde) (PUF) nanocapsules
218, 251

polyurethane 234

— crosslinked 185, 188

— foam system 83, 84

— healing agents 228
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— — dihydroxy coumarin derivatives
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— — monohydroxy coumarin derivatives
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— reversible photochemical reaction 177

— self-healing additives for 84

— self-repairing capacity of 85

polyvinyl chloride (PVC) 84

poly(vinylpyrrolidone) 38

potentiostatic measurements, for study of
healing capabilities 352

powder coating 160

protection against corrosion, methods for
healing of 351

— electrochemical impedance spectroscopy
352

— potentiostatic measurements 352

— scanning electrochemical microscopy
353-356

— scanning vibrating electrode technique
352, 353

protein bonds 65

proton NMR 218

pulsed field gradient nuclear magnetic
resonance (PFG-NMR) 117
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pyrenyl endgroups 37
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quasi-elastic dynamic scattering 121
quasi-elastic NSE spectroscopy 128
quasi-static fracture tests 348
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radical chain growth 161

radical exchange reaction 27, 161

radical fission/recombination 234, 235

radical photoinitiator 224

radius of gyration 91, 118

Raman spectroscopy 344

redox-responsive systems

repair efficiency 82-85

retro-Diels—Alder (rDA) reaction 16, 22,
156, 231, 232, 237

reversible addition fragmentation chain
transfer (RAFT) copolymerization 176,
208, 233

reversible bond 2, 27, 140, 156, 229, 231,
281, 361

— formation of

— — anionic reactions 235, 236

— — Diels—Alder/retro-Diels—Alder reaction

231, 232

— — disulfide bridges 234

— — photochemical trigger 232-234

— — pH-responsive systems 236

— — radical fission/recombination 234, 235

reversible photodimerizable chromophores
233

reversible photodimerization 234

reversible polymerization 168, 382

reversible terminators 161

rheology analysis, for study of chain mobility
344

ring-closing metathesis (RCM) 44

ring-opening metathesis polymerization
(ROMP) 16, 17, 44, 139, 218-221, 237,
251, 403, 404, 406-409, 411

ring-opening reactions 10, 44, 45

Rouse model, for short polymer chains
123, 124, 126, 134, 135

Rouse-rate 124

Rouse-type segment diffusion 128

rubber 39, 51, 67, 77, 79, 80, 84, 131, 132,
184, 232, 289

— crosslinked 27, 64

— self-healing supramolecular 50

— self-sealing process 64

— supramolecular 132, 290

— synthetic 38

— thermal expansion 80

263, 264

— thermoreversible 33, 34
—vulcanized 202, 203
rubber elasticity 155
Runge—Kutta algorithm 94
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sacrificial bonds 91, 92
sacrificial fibers 369

scanning acoustical microscope 341

scanning electrochemical microscopy
(SECM)  353-356

scanning electron microscopy (SEM)
254, 340, 341, 387, 388

scanning laser confocal microscopy (SLCM)
340

scanning vibrating electrode technique
(SVET) 261, 352, 353, 392-395

sclerenchyma fibers 70

scratch resistance 347, 348

sealing cell 71, 72

self-consistent-field (SCF) 91

self-healing bulk materials 284-297

self-healing coatings

— adhesion to metal substrate 395

— anti-corrosion performance of 395

— barrier properties 386, 395

— current trends 395, 396

— design of 383

— healing of esthetic damage in 347, 348

— industrial application 385
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— nanocontainer-based

— — characterization of  389-395

— — schematic representation of 382

— —types of 386-389

— overview of 381, 382

— surface gloss properties of 347

self-healing elastomers

— bio-inspired 63-69, 77, 78

— development of 67

self-healing fiber-reinforced epoxies
366

self-healing materials

— bio-inspired 85

— challenges and limits for 265

— chemical healing processes 9

— classification of 381
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— development of 338

— extrinsic, see extrinsic self-healing
materials

— healing efficiencies of 166

— hydrolysis of 235

224,

365,



— intrinsic, see intrinsic self-healing
materials
— mechanically induced self-healing in, see
mechanically induced self-healing
— methods for encapsulation of
— — electrospinning 250, 251
— — emulsion droplets as templates
247-250
— pH responsive nanocontainers for
260-263
— responsiveness to environmental stimuli
36
— stimuli-responsive, see stimuli-responsive
self-healing materials
— supramolecular bonds in 28
self-healing mechanism
— application of polymer chains in
130-133
— chemical principles of 15-48
— — categories of 15
— — covalent network formation 16-28
— — mechanochemical network formation
38-44
— — supramolecular network formation
28-37
— — “switchable” network formation 44-48
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integrity, healing of
— irreversible covalent network formation
concepts for 18,19
— mechanically induced, see mechanically
induced self-healing
— for mechanical properties, see mechanical
properties, healing of
— mechanochemical induced 38-44
— multiple versus one-time self-healing
49-53
— nanoparticle-based 11, 14
— physical principles of 11-14
— reversible covalent network formation
concepts for 23-26
— stages of 12
— visualization techniques
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(computed) tomography 341-343
— — environmental scanning electron
(E-SEM) microscopy 340, 341
— — optical microscopy 338-340
— — scanning electron microscope (SEM)
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self-heal, triggered 10, 297
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— multiple evolution of self-repair processes
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— overview of 62, 63

— phases of 62

— succulent plants  72-75

self-sealing foam coatings 81, 82

— bio-inspired chemical transfer

— bio-inspired physical transfer

— repair efficiency of 84

semi-interpenetrating polymer network
(SIPN) 155

shape-memory alloy (SMA) 219, 363, 365

shape memory assisted self-healing 155

shape-memory polymer (SMP) matrix 116,
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silica (SiO,) nanoparticles 261, 389, 393

siloxane-based healing system 221, 222

single capsule healing system 365

single edge notched bending (SENB) 373

single edge notched tension (SENT) 374

single molecule force spectroscopy
measurements (SMES) 201

size-exclusion chromatography (SEC)
165

small-angle neutron scattering (SANS)
119-121, 133

small-angle X-ray scattering (SAXS)
132, 286-288, 319

soft matter 115, 116

sol-gels 148, 393

— anticorrosion coating 261

— coatings 256, 263, 385, 386, 393, 395

— transition

— — healing efficiencies 231

— — viscoelastic properties of 143-147

solid-phase healing agents 373, 374

solid state materials 200, 306

solvodynamic shear 198
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sonication of polymer 196, 198, 203-205,

210
soxhlet extraction 154
spectrophotometers 194, 262

spectroscopic analysis, for monitoring
progress of healing 344

spiropyran (SP) 45, 197, 199

stable free radical polymerization (SFRP)
161

stacking 37, 130, 277, 282, 285, 291, 297,
301, 327

static damage, healing after

static loading 345

stimuli-responsive metallopolymers
305-307

stimuli-responsive self-healing materials

343-345

— light-responsive capsules 258-260
— pH-responsive systems 260-263
— redox-responsive systems 263, 264

— temperature-responsive systems 263

strain energy 139, 195, 343, 366

stress equilibrium 75

stress-induced isomerization 164

stress relaxation 27

styrene-maleic anhydride copolymer (PSMA)
251

SupraB 292, 294

supramolecular complexes

supramolecular co-networks

supramolecular forces 9, 53

supramolecular gels 280-284, 289, 329

supramolecular hydrogen-bonded networks

— bond dynamics of 279, 280

—in bulk 276

— elastic and viscous behavior 292

—in gels 276

— reversibility and dynamics of 275

— sticky-reptation 276

— sticky-Rouse 276

supramolecular hyperbranched polymer
(SHP) 176

supramolecular interactions 9, 10, 15, 36,
37,131, 133, 276, 277, 281, 292, 293

supramolecular polymers 115, 130, 210

- binding energy 277

— binding motifs utilizing hydrogen bonds
278

— bondings

— bulk materials

— concept of 275

— degree of polymerization 280

—gels 280-284

— healing efficiency 277, 291

— hydrogen bonds, dynamics of 279, 280

37,291
79, 80

282, 289
284-297

— network formation in  28-37

- self-healing in 277, 284

surface conduction, healing of 350

surface damage 176, 177, 339, 341, 347,
351

surface gloss 347

surface morphology 347

surface rearrangement 12, 13

surface roughness 12, 14, 343

suspension radical polymerization 200, 247

swelling 9, 11, 14, 73, 205, 263, 305, 340,
384

“switchable” healing 36

“switchable” network formation 44-48

“switchable” polymer systems 15

synthetic self-mending materials, design
principles 91

t

tapered double cantilever beam (TDCB)
344, 363, 364, 374, 405

tautomers 280

Taylor cone 250

temperature-responsive systems 263

tensile adhesion, for self-healing systems
343

tensile modulus 21, 37, 292, 297

tensile testing  198-200, 343

tetraethylorthosilicate (TEOS)

tetrafluoroethene 163

2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO) 161

thermal conduction functionality, healing of
350

thermal cyclization 165

thermal cyloaddition reaction 163

thermal decomposition 163, 164, see also
mechanical decomposition

thermal diffusion 350, 402

thermal healing

— chemical methods for 155, 156

— — alternative mechanism 163

254

— — perfluorocyclobutanes 163, 164
— — thermoreversible mechanisms 156-163
—cycle 372,373,374

— physical methods for

— — interpenetrating networks 154, 155

— — molecular diffusion across crack
interface 153, 154

— — shape memory assisted self-healing
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thermal interface materials (TIM) 346

thermally reversible crosslinked system 27,
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thermoplastics 139
— additives 218, 229
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— elastomers 33, 34, 294

— linear 154, 194, 373

— molecular interdiffusion of 228, 229

— self-healing of 11, 153
thermo-reversible gels 141
thermoreversible mechanisms, for thermal

131

healing
— Diels—Alder reactions 156-161
— NO-C bonds 161-163

thermoreversible rubber 33

thermosets 33, 34, 154, 164, 208

— self-healing in 10, 11

— viscoelastic properties of 144

thiocarbonyl bond 157

thiol chemistry 10

thiol-ene healing system 224, 225

thiol-ene polymerization 208

thiol-epoxy healing system 224

thiol-maleimide healing system 225

thiol-yne click reactions 21, 22

thymine (Thy) 34, 131, 132, 277, 285

time domain thermoreflectance (TDTR)

time flux 350

tissue regeneration 1, 8, 63

p-toluene sulfonic acid 84

torsional shear testing 200, 344

trans—cis photoisomerization 176

transesterification 44, 208

transition metals 36, 303, 304, 307, 316

transmission electron microscopy (TEM)
319, 340, 388, 389

triethylene glycol dimethacrylate (TEGDMA)
251

350

trifluorovinylethers (TFVE) 163, 164

trithiocarbonate (TTC) 176, 233

tube model, for short polymer chains 122,
124-130, 134

turbulent flow 201

u

ultramicroelectrode (UME) 353

ultra-microtomy 351

ultrasound transducer 198

ultraviolet irradiation 177

ultraviolet/ozone (UVO) treatment 102

upper critical solution temperatures
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Index

UPy-polymer 284

urazole 34, 286, 287
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ureido—pyrimidone bond 33

UV-based healing system 232, 237

UV irradiation 176-178, 180, 182, 183, 189,
224, 233, 234, 259, 260, 384

UV-vis spectroscopy 186, 187, 196

v

van der Waals forces 195

vascular-based healing systems
375

— coatings, healing of 370, 371

— principle of 49, 50

— recovery of

— — fracture damage 369, 370

— — impact damage 370

— self-sensing, self-healing vascularized
composites 371

Verein Deutscher Ingenieure (VDI) 75,
76

vicinal fluorination 163

Vinca plant species 65

vinyl ester healing system 228

viscoelastic deformation 71

viscoelasticity 117, 320

— of sol-gel transition 143-147

viscoelastic polymer systems, self-healing in
344

viscous flow 195

368, 369,

w

waste storage system 63

Weiner process 104

welding 9, 11, 13, 14, 374, 402

wetting 12, 13, 154, 186, 187, 227

Wheatstone bridge circuit 349

Williams-Landel-Ferry (WLF) equation
287

wound healing 73, 91
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X-ray tomography 341, 402
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Young’s modulus 68
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