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 photodegradable polymers    259  
 photodimerization reactions    173, 177, 178, 

180, 183, 184, 186, 188, 234  
 photoinduced cyclodimerization    173  
 photoinitiators    189, 224, 233  
 photoirradiation    47, 209, 259  
 photo-remendable polyurethane    176  
  – 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    173  
 pH-responsive systems    236, 260–263  
  – characteristics of    261    
  pH-value    44, 48  
 physical crosslinking points    35  
  π -dissociation energy    163  
  π -electron-poor moieties    37, 291  
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  π -electron-rich moieties    37, 291  
  π – π  stacking interactions    28, 37, 276, 291, 

292, 297, 301  
 pincer complexes    36, 329  
 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( ε -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    291, 292, 297  
 poly(isobutylene) (PIB)    21, 34, 50, 132, 

225, 285, 292  
 polyisoprene    63  
 polymer block copolymers    131  
 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)    116, 

117  

 – nuclear magnetic resonance (NMR)   
 117    

  polymer fi bers    256  
 polymer/glass interface    164  
 polymeric microcapsules    92, 105, 384  
 polymer nanocapsules    251, 263  
 polymer nanofi bers    257  
 polymethylmethacrylate (PMMA)    231  
 poly( N -acetylethyleneimine)s    26  
 poly( N -isopropyl acrylamide) (PNIPAM)   

 148, 149, 263  
 polyol stearate    81, 84  
 poly(perfl uorocyclobutane) (PPFCB)    163  
 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  
 – heterogeneous network    173  
 – molecular design containing 
  – – dihydroxy coumarin derivatives   

 179–182  
 – – monohydroxy coumarin derivatives   

 178, 179    
  – 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 fi eld gradient nuclear magnetic 

resonance (PFG-NMR)    117  
 pultrusion    85  
 pyrenyl endgroups    37    
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    q   
  quasi-elastic dynamic scattering    121  
 quasi-elastic NSE spectroscopy    128  
 quasi-static fracture tests    348  
 quenching    193    

    r   
  radical chain growth    161  
 radical exchange reaction    27, 161  
 radical fi ssion/recombination    234, 235  
 radical photoinitiator    224  
 radius of gyration    91, 118  
 Raman spectroscopy    344  
 redox-responsive systems    263, 264  
 repair effi ciency    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  
 – – disulfi de bridges    234  
 – – photochemical trigger    232–234  
 – – pH-responsive systems    236  
 – – radical fi ssion/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  

 – thermoreversible    33, 34  
 – vulcanized    202, 203    
  rubber elasticity    155  
 Runge–Kutta algorithm    94    

    s   
  sacrifi cial bonds    91, 92  
 sacrifi cial fi bers    369  
 scanning acoustical microscope    341  
 scanning electrochemical microscopy 

(SECM)    353–356  
 scanning electron microscopy (SEM)    224, 

254, 340, 341, 387, 388  
 scanning laser confocal microscopy (SLCM)   

 340  
 scanning vibrating electrode technique 

(SVET)    261, 352, 353, 392–395  
 sclerenchyma fi bers    70  
 scratch resistance    347, 348  
 sealing cell    71, 72  
 self-consistent-fi eld (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  
 – micro- and nanocontainer-based    382–386  
 – 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 fi ber-reinforced epoxies    365, 

366  
 self-healing materials 
  – bio-inspired    85  
 – challenges and limits for    265  
 – chemical healing processes    9  
 – classifi cation of    381  
 – concept for design and classifi cation of   

 8–11  
 – development of    338  
 – extrinsic,  see  extrinsic self-healing 

materials 
 – healing effi ciencies of    166  
 – hydrolysis of    235  
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 – 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    
  – for functional integrity,  see  functional 

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 
  – – acoustical microscopy    341  
 – – computed tomography and micro- 

(computed) tomography    341–343  
 – – environmental scanning electron 

(E-SEM) microscopy    340, 341  
 – – optical microscopy    338–340  
 – – scanning electron microscope (SEM)   

 340, 341     
  self-healing metallopolymers    307–309  
 self-heal, triggered    10, 297  
 self-lubricating coatings    383  

 self-repairing materials and structures, 
development of    75–85  

  – bio-inspired self-healing elastomers 
  – – ionomeric elastomers    78, 79  
 – – micro-encapsulation    77, 78  
 – – nitrile butadiene rubber (NBR) blends   

 80  
 – – supramolecular co-networks    79, 80    
  – self-sealing foam coatings    81, 82  
  – – bio-inspired chemical transfer    84, 85  
 – – bio-inspired physical transfer    82–84     
  self-sealing and self-healing in plants 
  – and infection by bacteria and fungi spores   

 62  
 – latex plants    63–69  
 – lianas    69–72  
 – multiple evolution of self-repair processes   

 62  
 – overview of    62, 63  
 – phases of    62  
 – succulent plants    72–75    
  self-sealing foam coatings    81, 82  
  – bio-inspired chemical transfer    84, 85  
 – bio-inspired physical transfer    82–84  
 – repair effi ciency 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, 

229  
 silica (SiO 2 ) 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)    131, 

132, 286–288, 319  
 soft matter    115, 116  
 sol–gels    148, 393  
  – anticorrosion coating    261  
 – coatings    256, 263, 385, 386, 393, 395  
 – transition 
  – – healing effi ciencies    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    343–345  
 static loading    345  
 stimuli-responsive metallopolymers   

 305–307  
 stimuli-responsive self-healing materials 
  – 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    37, 291  
 supramolecular co-networks    79, 80  
 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    282, 289  
 – bulk materials    284–297  
 – concept of    275  
 – degree of polymerization    280  
 – gels    280–284  
 – healing effi ciency    277, 291  
 – hydrogen bonds, dynamics of    279, 280  

 – 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)    254  
 tetrafl uoroethene    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  
 – – perfl uorocyclobutanes    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   

 155     
  thermal interface materials (TIM)    346  
 thermally reversible crosslinked system    27, 

319  
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 thermoplastics    139  
  – additives    218, 229  
 – block copolymers    131  
 – branched    194  
 – 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 

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 thermorefl ectance (TDTR)    350  
 time fl ux    350  
 tissue regeneration    1, 8, 63  
  p -toluene sulfonic acid    84  
 torsional shear testing    200, 344  
 trans–cis photoisomerization    176  
 transesterifi cation    44, 208  
 transition metals    36, 303, 304, 307, 316  
 transmission electron microscopy (TEM)   

 319, 340, 388, 389  
 triethylene glycol dimethacrylate (TEGDMA)   

 251  
 trifl uorovinylethers (TFVE)    163, 164  
 trithiocarbonate (TTC)    176, 233  
 tube model, for short polymer chains    122, 

124–130, 134  
 turbulent fl ow    201    

    u   
  ultramicroelectrode (UME)    353  
 ultra-microtomy    351  
 ultrasound transducer    198  
 ultraviolet irradiation    177  
 ultraviolet/ozone (UVO) treatment    102  
 upper critical solution temperatures 

(UCSTs)    147, 148, 263  

 UPy-polymer    284  
 urazole    34, 286, 287  
 2-ureido-4[1  H ]-pyrimidinone dimers   

 277  
 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    368, 369, 

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 fl uorination    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 fl ow    195    

    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    

    x   
  X-ray tomography    341, 402    

    y   
  Young ’ s modulus    68    

    z   
  zero-shear viscosity    145, 286, 293     




