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artificial actuators 460-1
 
artificial muscles 153-70, 181
 

for biomimetic robots 409-10
 
chitosan-based 460-1
 
comparison of actuator technologies
 

407-8
 
contraction mimicked by ferrogels
 

294-5,296
 
contraction/stretching of 77-8, 79
 
control of pseudomuscular
 

contraction 295-9
 
ferroelectric re1axor polymers as
 

256-79
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metal hydrides as 386-94
 
modified PAN as 191-203
 
structures and designs of 157
 
see also actuators
 

asymmetrical mono layers 157-8
 
ATP-driven gel machine 464-75
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systems;medical applications
 
biomimetic robots 409-10
 
biomimicking properties 151-2
 
bionanoparticles 509-11
 
biosensors 508-9
 

nanobiosensors 511-12
 
bipolarons 150, 170, 171
 
bismacrocycle transition metal
 

complexes 86--8
 

brakes, rotary 373--4
 
breakdown properties, dielectric
 

elastomers 420-1
 
Brownian motion 2, 3
 
buckyballs 497-9
 

cables, extension 53, 54
 
carbon nanotubes 497-9
 
cardiovascular stents 329-31
 
catenanes 12, 16
 

controlling rotational motion in 24-9
 
reversible rotary motor 28-9
 
rotary motor 27-8
 
ruthenium-containing 91-2, 93
 
transition metal complexed 83-9
 

cellular-phone antennas 327
 
ceramics see piezoelectric ceramics
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chemical reactions, molecular
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chemical transduction 151, 152, 174,175
 
chemomechanica1 polymers 100-20
 

concentration profiles 110---11
 
cooperativity and logical gate
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107-8,109
 
and pH 100, 101-7
 
selectivity by covalent interactions
 

118-19
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effectors 117-18
 

water uptake and release 108-10
 
chitin 448, 449
 
chitosan 102-7
 

biological properties 449
 
biomedical applications 458-61
 
expansion kinetics 107-8
 
intelligent properties 450-6
 
physicaland chemicalproperties448-9
 
solvent and solubility 449-50
 
volume expansions 105-6, 115-16,
 

450-3
 



524 

chitosan-based hydrogels 447-61
 
chitosan-based intelligent materials
 

456-8
 
chromophores 150, 170, 171, 181,
 

425-7,432-5
 
circumrotation, directional 27-8
 
clutches 373-5
 
colour oflight 56
 
commercial products see industrial
 

applications; medical applications
 
compact hybrid actuators 247
 
complexation/decomplexation
 

process 78-82
 
compliant electrodes 400-1
 
composites 143,478,479
 

shape-memory polymers and
 
particles 308
 

see also intelligent composites;
 
ionic polymer metal
 
nanocomposites
 

concentration profiles 110-11
 
condensed phases 32-8
 
conducting polymers
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properties of 153-74
 

electrochemical behaviour in
 
aqueous solution 143-6
 

electrochemical properties 149-51
 
materials 143
 
membranes and electron/chemical
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multifunctional and biomimicking
 

properties 151-2
 
nonstoichiometric, soft and wet
 

materials 147-9
 
theoretical models 174, 176-9, 180
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configurational changes
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conformational control 4-9
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conscious systems, primitive 164-5,
 

166,167
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condensed phases 32-8
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covalent interactions 118-19
 
covalently bonded molecular systems
 

4-12
 
covalently crosslinked shape-memory
 

polymers 306-7
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photodeformable azo materials 434-7
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electrorheological response 454-5
 
electrosensitivity 453-5
 
electrostatic devices 407
 
electrostrictive polymers 407
 
energy-to-volume ratio 332
 
engineering applications see
 

industrial applications
 
enhanced-thickness mode arrays412-14
 
entropy-drivenmolecular shuttling23-4
 
excited states 20-2
 
expansion see swelling
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eyeglass frames 326-7
 

F-actins 465-7
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polymorphism 467-9
 

fast-moving electrochemically driven 
machine 88-9
 

ferroelectric phase 256-7
 
ferroelectric relaxor behaviour 268-73
 
ferroelectric relaxor polymers 256-79
 
ferrogels 283-8
 

abrupt shape transition 288-90
 
control of pseudomuscular
 

contraction 295-9
 
muscle-like contraction mimicked
 

by 294-5, 296
 
nonhomogeneous deformation of290-3
 

fibre-reinforced metal 485-7
 
field effect transistors 222
 
films with metal supports 160-1
 
flash memory devices 222
 
flexible semiconductors 147
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magnetorheological fluids
 
fluorescent sensors with signal
 

amplification 56-9
 
force generation 194, 196-8
 

electric-current effect on 199-20I
 
force-strain behaviour 194, 195
 
four-probe electrical measurements 209-10
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intelligent properties 450---6
 
intelligent soft actuators 256-79
 
interconnects, organic 223
 
interfacial properties 37-8
 
intermittent degenerate molecular
 

shuttle 78-82
 
interrupter, thermal 325-6
 
intramolecular
 

cornplexation/decomplexation 
process 78-82
 

intramolecular motion 86-8
 
ion-metal translocation 82-3
 
ionic polymer conductor
 

nanocomposites 126, 127, 132, 139
 
ionic polymer metal nanocomposites
 

(IPMNCs) 126-40
 
distributed nanosensing and
 

transduction 132-6
 
electrically induced robotic
 

actuation 130-2, 133
 
manufacturing methodologies 128-9,
 

130
 
manufacturing steps 129-30
 
medical, engineering and industrial
 

applications 139--40
 
modeling and simulation 136-8
 
smart-product development 138-9
 
three-dimensional fabrication of
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ionic strength sensitivity 452-3
 

jet-engines 334-6
 

kinetics 107-8,109 

lanthanium-pentanickeI386-7, 388, 389
 
lead zirconate titanate (PZT) 233, 234,
 

235,237,239
 
applications 245-6
 
commercial applications 248
 

length-change characteristics 194, 196
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light, tuning the colour of 56
 
light-driven molecular machines 65-9,
 

91-5
 
light harvesting 53-{)
 

light-induced shape-memory
 
polymers 311-12
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multiple use of 59-61
 
processing 50-65
 

lineal movements 158, 160, 164
 
linear actuators 411
 
liquid-crystal elastomers 491-3, 494-5
 
liquid phases in composites 485-9
 
logical gates 62-5, 111-13
 
low Reynolds number 3
 
LUMOs 206-7
 

machines see molecular machines
 
magnetic chitosan microsphere 457-8
 
magnetic polymeric gels 282-99
 
magnetic shape-memory alloy
 

actuators 496
 
magnetic shape-memory (MSM)
 

materials 493, 495-7
 
magnetorheological elastomers 344-7
 
magnetorheologicalfluid clutches 373-5
 
rnagnetorheological fluid dampers 363-5
 

effect of temperature 369-73
 
modeling of 365-9
 

magnetorheological fluid devices
 
363-76
 

magnetorheological fluids 339, 341--4
 
effects of surface roughness 357-63
 
field-induced microstructures 353
 
historical perspective 340
 
models for shear-yield stress 351-3
 
rheological behaviour of348-50
 
rheometry of354-7, 358
 

magnetorhcological materials 341-63
 
magnetostrictive actuators 408
 
manufacturing see industrial
 

applications 
materials
 

conducting polymers 143
 
mechanical characterisation 168, 169
 
mechanical properties of 35-7
 
nonstoichiometric, soft and-wet 147-9
 
see also intelligent materials;
 

multifunctional materials
 
Maxwell stress 396-8, 401-3
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mechanical characterisation, materials 
and devices 168, 169
 

mechanical properties ofmaterials 35-7
 
mechanical switches
 

and interfacial properties 37-8
 
and mechanical properties of
 

materials 35-7
 
and optical properties ofmaterials 32
 

mechanically bonded molecular
 
systems 12-29
 

mechanochemical polymer/gels 408
 
medical applications 139-40
 

chitosans 458-61
 
magnetorheological fluids 375-6
 
piezoelectric ceramics 249
 
shape-memory alloys 313, 327-31
 

medical devices, supere1astic 328-9
 
membranes 174, 175, 181
 
memory devices 222
 
metal electrodes 400-1
 
metal-hydride-actuation principle
 

387,389-94
 
metal hydrides 386-94
 
metal ions
 

and molecular shuttling 17-19
 
translocation 82-3
 

metal nanocomposites 126-40
 
metal supports 160-1
 
microdevices 161
 
microelectromechanical devices 273-8
 
microstructure
 

field-induced 353
 
HEEIP 258-62
 
P(VDF-TrFE}based terpo1ymers 268-73
 

microtoo1s 161
 
modeling
 

dielectric elastomers 401-5
 
ionic polymer metal nanocomposites
 

136-8
 
magnetorheological fluid dampers
 

365-9
 
metal hydride actuators 390-2, 393
 
piezoelectric ceramics 235-42
 
shear-yield stress 351-3
 
theoretical, of conducting polymers
 

174,176-9,180 
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molecular dynamics treatment 179, 180 cc
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molecular switches
 
photochemically controlled 51
 
translational 13-24
 
unimolecular 221
 

molecular systems
 
covalently bonded 4-12
 
mechanically bonded 12-29
 

motility assays 470-2
 
motors see molecular motors
 
MR fluids see magnetorheological
 

fluids 
MSM materials see magnetic shape

memory (MSM) materials 
multifunctional materials
 

azobenzene polymers as 424-38
 
chitosan-based hydrogels as 447--61
 
electrorheological fluids as 500-1
 
fullerencs and carbon nanotubes as
 

497-9
 
intelligent composites 489
 
liquid-crystal elastomers as 491-3,
 

494-5
 
piezoelectric ceramics as 231-52
 
shape-memory alloys as 317-38.
 

multifunctional polymers with shape

memory effect 312-13
 

multifunctionality 151-2, 312-13
 
magneticshape-memory materials 4~7
 

muscle-like contractions 294-5, 296
 
muscle-like rotaxane dimer 77-8, 79
 
muscle potential 163-5, 166-7
 
muscles 152-3,408
 

sensing 163-4, 165
 
tactile muscles 164-5,166,167
 
working in air 165, 167
 
see also artificial muscles
 

myosin gel 469-71
 

nanobiosensors 511-12
 
nanocomposites 126-40
 
nanomotors 66-9
 
nanoparticles 509-11
 
nanosensing 132--6
 
nanotubes 497-9
 
natural muscles 152-3,408
 
negative differential resistance devices222
 

net positional change 13-15, 15-20
 
NiTi alloy 317, 320-1, 326-30
 

engineering applications 333-8
 
virtual two-way actuation using 323-4
 

nonbiased safety devices 324-5
 
nonhomogeneous deformation of
 

ferrogels 290-3
 
non interlocking systems 89-91
 
nonionic polymer gels 500
 
nonstoichiometric materials 147-9
 
nucleic acids 507
 

optical properties 32
 
optics, framed actuator for 414-15
 
organic effector molecules 114-17
 

ternary complex formation 117-18
 
organic effectors sensitivity 453
 
organic interconnects 223
 
organometallic systems 8
 
oriented myosin gel 469-71
 
orthodontics 328
 

PAN see polyacrylonitrile (PAN)
 
paraelectric phase 256-7
 
particle-size effects 107-8, 109
 
peptides as effectors 117-18
 
percolatingconductiveparticlenetworks
 

400
 
perfluorinated sulfonic ionic polymers
 

127-8, 129, 130-1
 
performancecapabilities, actuators201-3
 
pH
 

and chemomechanical polymers 
100,101-7
 

and cooperativity effects 112
 
hydrogels 456, 457
 
PAN fibres 191-4, 196
 
sensitivity 450-2
 
and water uptake 108-10
 

photo-orientation 432-4
 
photochemically controlled
 

molecular abacus 92-5
 
molecular devices 48--63
 
molecular machines 48-9, 65-9
 
molecular switches 51
 

photodeformable azo materials 434-7
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photoinduced decoordination 91-2, 93 
photoisomerisation 426-7 
photomechanical "effects 437 
photomechanical materials 424-38 
photoresponsive azo materials 432--4 
photoswitchable azo materials 430--2 
piezoelectric ceramic actuators 233-5, 

236,242,407
 
compact hybrid actuators 247
 

piezoelectric ceramics 232-3 
applications 242-7 
commercial products 247- 52 
modeling 235--42 

actuators 242 
sensors 239--41 

piezoelectric polymers 407 
piezoelectric single crystal 407 
piezoelectricity 232 
plug/socket systems 52-3 
polarity 472-4 
polyacrylonitrile (PAN) 191-203 

actuation properties 194, 196-8, 203 
force-strain behaviour 194, 195 
PAN bundle muscle crane 201 
performance capabilities 201-3 
performance of PAN bundle 

artificial muscle 198-201
 
volume change 193--4, 195
 
work performance 20 I, 202
 

polyelectrolytes 100 
polymer-protein complexation 464-75 
polymer science 176 
polymer-actin complexes 465-7 

motility assay 471-2
 
polarity of actin in 472--4
 
polymorphism of 467-9
 

polymeric actuators 153--4,155-6,163 
polymeric batteries 172--4, 181 
polymeric blends 143, 145, 146 
polymeric electrocbemomechanical and 

electromechanical muscles 153-5 
polymeric gels 100, 102-7,282-3 

ATP-driven 464-75 
magnetorheological 342-3 
nonionic 500 
see also magnetic polymeric gels 
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polymeric microactuator 273-8 
polymers see azobenzene polymers; 

chemomechanical polymers; 
conducting polymers 

polymorphism 467-9 
polypeptides 465 
polypyrrole 144-5, 148, 149 
porosity 150--1, 152, 181 
porous devices 336-8 
positional switches 24-7 
pre-stress bias 399 
primitive conscious systems 164-5, 

166,167 
protein-polymer complexation 464-75 
protons, and molecular shuttling 13-15 
pseudomuscular contraction 295-9 
pseudorotaxanes 65-6, 67 
pumps 411-12 
PVDF polymer 256-7 
P(VDF -TrFE)-based terpolymers 407 

electromechanical response in 266-8 
microstructure and ferroelectric 

relaxor behaviour of 268-73 
P(VDF- TrFE) copolymer 256-66 

rectifiers 212-21 
redox-driven translocation 89-91 
relaxation models 178-9 
relaxor ferroelectric polymers 256-79 
resistance devices 222 
resistors 210--J2 
responsive gels 283-8 
rethreading of pseudorotaxanes 65-6 
reversible rotary motors 28-9 
Reynolds number 3 
rheological properties 341-2, 348- 50 
rheometry 354-7, 358 
robotic actuation 130-2, 133 
rotary brakes 373--4 
rotary motors 27-9 
rotational motion in catenanes 24-9 
rotaxanes 12-24 

complexation/decomplexation 
process for making 78, 80
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pseudorotaxanes 65-6, 67
 
sunlight-powered nanomotor 66-9
 
technology applications 31, 33-7
 
transition metal complexed 83-9
 

rotor-blade flap 245-6
 
ruthenium-containing catenane91-2, 93
 

sacrificial mechanism 94-5
 
safety devices 324-5
 
salt effects in polymer gels 105-6
 
scale effects 2
 
seals 321-2
 
selectivity
 

covalent interactions 118-19
 
organic effector molecules 114-17
 

self-repair 485-9
 
sensing 489
 

magnetic shape-memory materials 
496-7
 

muscles 163-4, 165
 
unparalleled simultaneous 151
 

sensors 239-41, 415-16
 
fluorescent 56-9
 
see also biosensors
 

shape control 246
 
shape distortion, ferrogels 284-90
 
shape-memory alloys 317-38,407
 

applications 320-7
 
engineering applications 331-6
 
medical applications 313, 327-31
 
thin-film and porous devices 336-8
 

shape-memory effect 303-4
 
multifunctional polymers with 312-13
 
thermally induced 308-] I
 

shape-memory materials, magnetic 
493,495-7
 

shape-memory particles 308
 
shape-memory polymers 301-14
 
shear flow 469-70
 
shear-yield stress 351-3
 
shock absorbers 363-73
 
shuttles see molecular shuttles
 
signal amplification 56-9
 
silicone dielectric elastomers 407
 
simulation see modeling
 
single covalent bond 4-7
 

single-electron transistor 222
 
smart fin 243-4
 
smart materials see intelligent
 

materials; multifunctional materials
 
smart-product development 138-9
 
socket/plug systems 52-3
 
soft actuators 256-79
 
soft materials 147-9
 
solid-state molecular electronic
 

devices 32-5
 
solids, controlled motion in 32-8
 
solutions, controlled motion in 30-2
 
static yield stress 351,352
 
stents 329-31
 
stimuli- induced conformational
 

control
 
around a single covalent bond 4-7
 
around several covalent bonds 8-9
 
in organometallic systems 8
 

stimuli-responsive molecular shuttles 
13-24
 

strain-force behaviour 194, 195
 
stress
 

Maxwell stress 396-8,401-3 
shear-yield stress 351-3
 

stretching, rotaxane dimer 77-8, 79
 
structural damping 333-4
 
structural health monitoring 246-7
 
structural shape control 246
 
structured metal electrodes 400-1
 
styrene/divinylbenzene-based
 

polymers 129,130,131
 
sunlight-powered nanomotor 66-9
 
supercapacitors 174
 
superelastic medical devices 328-9
 
superelasticity 317-20, 327
 
surface mass transport 434-7
 
surface properties 434
 
surface roughness 357-63
 
surfaces, controlled motion on 32-8
 
swelling 101, 102- 7
 

chitosan-based hydrogels 105-6,
 
450-3
 

and concentration profiles 110-1 I
 
and cooperativity 111-13
 
glucose-driven 118-19
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and kinetics 107-8, 109
 
organic effector molecules 114-17
 
in ternary complexes 117-18
 
and water effects 108-10
 

switches see mechanical switches; 
molecular switches 

tactile muscles 164-5, 166, 167
 
temperature, magnetorheological
 

fluids and 369-73
 
ternary complex formation 117-18
 
theoretical models, conducting
 

polymers 174, 176-9, 180
 
thermal interrupter 325--6
 
thermal recoordination 91-2, 93
 
thermally induced shape-memory
 

polymers 303-11
 
thermodynamics 176
 
thermoplastic shape-memory
 

polymers 304-5
 
thermoresponsive polymers 456-7
 
thermosensitivity 455--6
 
thin-film devices 336-8
 
three-dimensional fabrication of
 

IPMNCs 128
 
three-probe electrical measurements
 

209-10
 
three-stage catenanes 83--6
 
three-way catenane positional
 

switches 24-7
 
tissue engineering 460
 
titanium fibre/aluminium system
 

482--4,488 
transduction 132--6 

electron/chemical l Sl , 152, 174, 175
 
transistors 222
 
transition metal complexes
 

catenanes and rotaxanes 83-9
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heterodinuclear bismacrocycle 86-8
 
molecular machines 76-96
 

translational molecular switches 13-24
 
translocation
 

metal-ion 82-3
 
redox-driven 89-91
 

triple layers 154, 158, 160, 164, 166
 
tubes with metal supports 160-1
 
two-probe electrical measurements
 

209-10
 
two-way catenane positional switches
 

24-7
 
two-way devices 323--4
 

unimolecular amplifiers 223
 
unimolecular electronic devices 205-23
 
unimolecular rectifiers 213-21
 
unparalleled simultaneous sensing 151
 

valves 324-5
 
thin-film -336-7 

vibration/acoustic contro1243-5 
virtual two-way actuation 323--4 
volume variation 

e1ectrochemomechanical muscles 
155--6
 

PAN fibre gel 193--4, 195
 
see also swelling
 

water uptake and release 108-10
 
wet materials 147-9
 
wires 50
 
work performance 201,202
 

XNOR logic gate 63-5
 
XOR logic gate 63-5
 

yield stress 351-3
 




