
�

� �

�

337

Index

a
absorptive/reflective (A/R) systems 109
absorptive/transmissive (A/T) systems

109
adhesive EC Smart Films 261–262
adhesive film 141, 143
Ag–Au core–shell NWs 97
Ag grid/PEDOT:PSS hybrid film

electrodes 94
Ag nanowires (Ag NWs) 94, 96, 97, 250
alkoxy-functionalized poly(3,4-

propylenedioxythiophene)-based
P(ProDOT) polymers 239

analogous perylene diimides (PDIs)
61

annular bright field scanning
transmission electron microscopy
(ABF-STEM) detections 219

antimony tin oxide (ATO) 277
artificial intelligence (AI) 6, 291–294,

296, 298
human intelligence humankind

298
next-generation city 293
next-generation technologies 291

b
4,4′-(benzo[c] [1,2,5]thiadiazole-4,7-

diyl)bis(1-(4-cyanophenyl)
pyridin-1-ium) bistriflimide
(EV-2) 45

benzothieno[3,2-b][1]benzothiophene
(BTBT) 61

bifunctional aligned hexagonal/
amorphous WO3 core/shell
nanorod arrays (h@aWNRAs) 16

bisphenylene-bithiophene-based
p-type semiconductor (PTTP) 61

Bragg’s equation 218
buildings, energy demand and

consumption 267–270

c
carbon-based electrode materials 89,

91–93
carbon nanotubes (CNTs) 46, 50, 51, 89,

91, 93, 157, 184, 215
carved nanorods (CNRs) 16, 161, 191
charge transfer model 12
charge transfer resistance at NiO/FTO

electrode interface 90
chemical vapor deposition (CVD) 11,

14, 19, 22, 31, 90, 91, 175–176, 235,
246

chromogenic mechanism 12
chronoamperometry (CA)

colouring and bleaching processes
194–196

EC electrodes 194
solid Nafion polymer film 195
solid-state electrolytes 195
WO3 nanoparticle films 194

colloidal all-solid nanorods (SNRs) 16,
161, 191
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coloration efficiency 16–21, 23, 24, 26,
29, 34, 37, 40, 41, 51, 72, 77, 79, 80,
86, 90, 91, 101, 103, 115, 116, 123,
132, 162, 166, 175, 184, 191, 196,
206–208, 252–254, 265, 287, 291

color rendering index (CRI) 136, 266
conjugated polymer/polyelectrolyte

systems 59
contorted hexabenzocoronene (cHBC)

134, 274
contrast ratio (CR) 41, 93, 116, 132, 140,

146, 184, 252, 254, 286, 287
core-shell SiO2-PMMA nanospheres

(CSSPs) 74
Cornell glare equation 271
critical material issues 9, 99–104
curtain effect 256
cyclic stability and long-term durability

EC devices 209
electrochemical over-oxidation 204
key performance parameters 206–207
or EC systems 199, 200
PANI 206
PEDOT and PEDOT:PSS 204
WO3 200–202
W oxide and Ni oxide films 200, 204

cyclic voltammetric and galvanostatic
(CV-GS) PANI film 52

cyclic voltammetry (CV)
CNR-based film 191
in electrochromism 188
electrolyte composition 188
NiO film 191, 193
organic EC materials 193
pseudocapacitive behaviour 190, 191
WO3, case of 189

d
daylight glare probability (DGP) 270,

271
device manufacturing process 234
device performance

electrochemical analysis 187–209
electrochromism, chemico-physical and

structural properties 209–222

extrinsic and intrinsic factors 181
mixed ionic and electronic conduction

materials 222–229
optical spectroscopy 182–187

di-alkynyl-substituted viologen of 1,1′-
di(pent-4-yn-1-yl)-[4,4′-bipyridine]-
1,1′-diium dichloride 43

2,3-dimethlybenzoquinone (DMBQ)
146

1,2-dimethyl-3-propylimidazolium iodide
(DMPII) 126

dioxythiophene (DOT)-based EC
polymers 47

dip coating 19, 40, 169–172
Discomfort Glare Index (DGI) 269–271
disordered organic materials,

structure-properties relationship
and charge transport in 62–65

doctor-bladed (DB) and slot-die coated
(SD) semi-transparent modules
260

DSSC manufacturing 244
dual band electrochromism 23
dye-sensitized solar cells (DSSCs) 67,

124, 126, 128–140, 241, 244, 274
dynamic active windows 264

e
e-beam evaporation 169, 176–178, 221
EC glazing based on web-coated foils

257
EC glazings 199, 233, 256, 257

effect on visual comfort 270–271
energy saving of 267–270

ECLECs 140–155
EC materials, inorganic 11–31
EC materials, organic 36–53
EC polymer films 47, 152, 236
EC properties of nonstoichiometric

tungsten oxide (WO3-x) QDs 17
EC supercapacitors (ECSs) 4, 162
EC transparent battery 163–168
EC windows

based on NIR-selective plasmonic
nanocrystals 265
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(SageGlass®) with a window-
to-wall-ratio (WWR) 267

eco-friendly electrolytes 103
ECOLEDs 140–155
ECP-magenta printing, with slot-die and

microgravure coating 249
electrochemical analysis 187, 188

chemico-physical and structural
properties 209

chronoamperometry 194–196
cyclic stability and long-term durability

199–209
cyclic voltammetry 188–194
electrochemical impedance

spectroscopy 196–199
mixed ionic and electronic conduction

materials 222–229
electrochemical deposition/

electrodeposition 173–174
electrochemical devices 9, 55, 65, 67, 71,

289
structure 9–10

electrochemical impedance spectroscopy
(EIS) 119

interface properties 196–199
ion diffusion coefficient and time

constants 28, 103
Nafion films 198
Nyquist plot 198
OMIECs 197
Randles equivalent circuit 197
Warburg coefficient 199

Electrochromic (EC) device
all solid-state double-substrate

110–116
ECOLEDs and ECLECs 140–155
electrochromic energy storage devices

156–163
monolithic single-substrate 116–121
PECDs and PVCDs architectures

122–128, 140
self-powered PV EC energy storage

163–168
self-rechargeable EC transparent

battery 163–168

electrochromic (EC) materials 9
electrochromism, history and evolution

1–6
electrodes 89

carbon-based electrode materials
91–93

electrode based on rectangular crackle
pattern 250

metal nanowires and grids 93–97
transparent and conducting oxides

89–90
electroluminescence (EL) 6, 142, 147,

148, 151–155
electrolyte/EC interface (EEI) 13, 17, 21,

24, 26, 32, 77, 79, 86, 102, 107, 119,
143, 194–197

electrolyte-free MV2+-GQDs based EC
devices 41

electrolytes
inorganic electrolytes 85–88
liquid 68–69
polymer 69–80

electronic conductivities 55, 64, 222,
223

electron spectroscopy for chemical
analysis (ESCA) 210

energy-payback time (EPBT) 274, 275
EnergyPlus software 268
ethylenediaminetetraacetic acid (EDTA)

252, 253
3,4-ethylenedioxythiophene derivative

bearing a viologen unit (EDOT-V)
40

ethylene vinyl acetate (EVA) 234, 256,
261

evaporated perovskite-based PV cell
247

f
fast switching Nafion-based

sandwich-type EC device 77
flexible all-solid-state EC polymer device

241
flexible thin film smart devices 283
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foldable EC devices on PET flexible
substrates 94

Fourier transform infrared (FT-IR)
spectroscopy 186, 214

Fraunhofer Institute 101, 254, 287, 292
FTO thin film electrodes 99
fullerene-free OPV lab cells 259

g
gas quenching 246
g-butyrolactone (GBL) 279
gel electrolyte 31, 43, 70, 71, 74, 75, 77,

80, 81, 99, 103, 110–113, 115, 116,
126, 133, 148, 155, 162, 163, 195,
234, 241–243, 251, 252

glycerol 59
3-(glycidyloxypropyl)trimethoxysilane

(GLYMO) 72
Granqvist, G. 1, 11, 12, 103, 108, 109,

185, 200, 236, 256, 257, 262, 265,
267, 286

graphene 20, 31, 35–36, 41, 50, 89–90,
93, 132, 163, 175, 186, 216, 286

graphene-based molybdenum oxide
nanohybrid (mRGO-MoO3-x), films
20

green electrolytes 103
green nanotechnology 264
green sustainable technology 273
green technologies 273–298

sustainable buildings 273
gyroid-structured V2O5 29

h
heating, ventilation, and air conditioning

(HVAC) 292, 294
heptyl viologen (HV) 39, 252
hierarchical-porous NiO@C EC electrodes

26
high angle annular dark field scanning

transmission electron microscopy
(HAADF-STEM) 96, 219, 220

high resolution TEM (HRTEM) 17, 18,
219–221

hole-transporting (HT) molecules
61, 148

hole transport layers (HTL)-free
perovskite solar cells 275

HV/EDTA in gel Prussian Blue EC device
252

hybrid MoO3-W0,71 Mo0.29O3
nanocomposite 21

hybrid nanocomposite WO3/polymer
Nafion layer 13

hybrid perovskite inks 245
hybrid polymer electrolyte 126
hydrogels

polyvinyl alcohol (PVA) 80, 82, 115,
154, 208

polyacrylamide (PAM) 80
polyacrylic acid (PAA) 77, 80, 282

hydrophobic polytetrafluoroethylene
backbone 60

hydroxypropyl cellulose (HPC) 276

i
IES TM-30-15 266
indenofluorene analogue of IDTBR

259
inkjet printable CMY chromogenic

materials 239
inkjet printing method 172, 246, 257
innovative materials 233
inorganic electrochromic materials 11

transition metal oxide anodic materials
23–28

transition metal oxides cathodic
materials 12–23

vanadium pentoxide 28
inorganic electrolytes 67, 85–88, 117,

118, 204, 243
insulated glass unit (IGU) 234, 264
International Commission on

Illumination (CIE) 266
intervalence charge transfer transitions

(IVCT) 3
inverse temperature crystallization (ITC)

279
ionic liquids (ILs) 71
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ion intercalation/deintercalation 36,
158, 188, 216

IR spectroscopy see Fourier transform
infrared (FT-IR) spectroscopy

ITO electrodes 99

l
laminated smart windows 261–262
Langmuir–Blodgett (LB) film deposition

technique 174–175
Langmuir–Schaefer (LS) method 169,

174
large-area all-solid-state EC devices

254
life cycle assessment (LCA) 274, 286
life cycle inventories (LCIs) 274
LiPON layers 86, 87, 117
liquid crystal (LC) smart glasses 285
liquid crystal devices (LC/PDLC) 264
liquid electrolytes 5, 13, 15, 35, 39, 41,

64, 67–69, 74, 75, 91, 93, 99, 103,
109, 110, 113, 118, 123, 151, 153,
166, 167, 187, 194, 195, 199, 200,
202, 225–227, 233, 243

lithium bis(trifluoromethanesulfonyl)
imide (LiTFSI) 68, 72, 74, 91,
116, 148, 241, 251, 254

lithium-ion diffusivities 55
lithium perchlorate (LiClO4) 68, 70, 71,

72, 80, 82, 102, 115, 116, 126, 134,
138, 187, 195, 201, 202, 204, 221,
242, 250

lithium phosphorus oxynitride (LiPON)
86, 87, 117, 196, 243

lithium salt concentration 115
localized surface plasmon resonance

(LSPR) response 22, 186, 289
low critical solution temperature (LCST)

275

m
material compatibility 89, 99, 107, 169
metal halide perovskite (MHP) 280, 282
methoxy(polyethyleneoxy)propyl

trimethoxysilane (MPEOPS) 72

methyl methacrylate (MMA) 113, 241
methyl viologen (MV) 2, 3, 39
methyl viologen dichloride 2
mixed ionic–electronic conductors

(MIECs) 55
potential impact of mixed conductors

65–66
semiconducting polymers and small

molecules 57–62
structure-properties relationship and

charge transport in disordered
organic materials 62–65

MOF-derived NiO@C films
electrical conductivity 26
ionic diffusion 26

molecular beam epitaxy (MBE) 179–180
monoalkynyl-substituted viologen of

1-(pent-4-yn-1-yl)-[4,4′-bipyridin]-
1-ium chloride (MPV) 43

monoclinic WO3 nanowires (m-WO3-x
NWs) 16

monolithic hybrid multifunctional PECD
243

monolithic silicon PECDs 243
MoO3 films surface morphology on FTO

coated glass substrates 19
multilayer graphene based EC devices

35

n
Nafion electrolyte film 119, 182
nanocrystalline TiO2 anatase films 21
nanofibrillated cellulose (NFC) 59, 60
nanoflake Li-doped NiO films on ITO

glass surface 26
nanoporous NiO thin films 24
nanorod-like V2O5 films 29
naphthalene diimides (NDIs) 61
National Renewable Energy Laboratory

(NREL) 176, 277, 289
Nb-doped TiO2 nanocrystals 22
next-generation technologies 283

artificial intelligence 291
Nickel (Ni) doping

on nanostructuring of WO3 films 18
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Nickel oxide (NiOx) 23, 24, 25, 85, 117,
221

NIR-EC glazings 268
NIR-selective plasmonic nanocrystals

265
non-acidic electrode materials 100
non-chlorinated solvents 104
nuclear magnetic resonance (NMR) 64,

181, 216–218

o
optical contrast 2, 3, 14, 16–19, 21, 22,

24, 26, 29, 31, 32, 34–36, 38, 40, 41,
45, 51, 68, 74, 80, 85, 91, 93, 94,
100, 107, 112, 115–117, 125, 126,
129, 141, 143, 146, 148, 149, 151,
152, 154, 155, 157, 158, 162, 163,
166, 182, 184, 185, 196, 201, 203,
205–208, 221, 238, 252, 265, 266,
276, 277, 282, 287

optical density 21, 76, 184
optical spectroscopy

infrared spectroscopy 186–187
UV-Vis spectroscopy 182–185

OPV cells based on ITO/ZnO(NP)/
P3HT:O-IDTBR/PEDOT:PSS/
AgNWs configuration 259

organic electrochemical transistors
(OECTs) 55, 65, 227

organic electrochromic materials
Prussian blue 36–38
viologens 38–45

organic light emitting diodes (OLEDs)
90, 91, 141, 206, 243, 250, 287

organic mixed ion and electron
conducting polymer materials
(OMIECs) 197

characterization of OMIECs 222–229
direct measurement of ion mobility

225–229
moving front experiment in OMIECs

64, 225
organic–inorganic hybrid electrolytes 72
organic photovoltaic (OPV) 132–134,

138, 244, 257, 259, 260

ormolytes 72
ortho-methylanidole (oMA) 259, 260

p
PANI-CNTs composites 50
PANI-graphene electrodes, EC properties

of 91
PANI single walled carbon nanotubes

(SWNTs) nanocomposites 50, 51
PECD 70, 122–125, 127, 128, 130–132,

134, 136, 229, 243, 244, 248, 275,
283, 286

architectures 122–140
PEDOT-EthC6-based EC films 254
PEDOT:PSS 59

composites 57
films 100

PEDOT:PSS-Nafion composite films 60
periodic table 11
perovskite based PV cells 247, 274
phase-stable vapor-deposited

formamidinium lead triiodide
(FAPI) perovskite films 247, 248

[6,6]-phenyl C61-butyric acid methyl ester
(PCBM) 61

photo-curable acrylate-based electrolyte
242

photoelectrochromic 5, 6, 45, 67, 70,
122, 229, 241, 263, 273–282, 294 see
also PECD

photooxidative degradation 111
photovoltachromic 6, 9, 66, 122, 241,

263, 273, 294 see also PVCDs
architectures

physical vacuum deposition (PVD) 11,
176, 177, 221, 233, 235, 246, 273

plastic lamination 234, 261
plastic web products 234, 248, 249, 256
polaron absorption models 12
poly (epichlorohydrin-co-ethylene oxide)

[poly (ECH-co-EO)] electrolyte
79

poly(N vinylcaprolactam) 40, 276
poly(N-isopropylacrylamide) (PNiPAAm)

275
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polyaniline (PANI)
oxidation states 49–50
redox states 49–50

polyelectrochromics 9, 49, 183, 187
polyelectrolytes 57, 69, 77, 81, 290
polyethylene glycol (PEG) 70, 72, 80,

118, 126, 134, 195, 221
polyethylene oxide (PEO) containing

lithium salts 69, 70, 72, 77,
82–84, 134, 148, 195, 254

polyethylene terephthalate (PET) 20, 89,
91, 93, 94, 96, 97, 109, 143, 162,
167, 185, 207, 208, 234, 249, 250,
251, 254, 255, 256, 261

polymer electrolytes 69
polyethylene oxide (PEO) 69, 70, 72,

77, 81, 82, 83, 84, 134, 138, 139,
148, 195, 208, 254

poly(ethylene imine) (PEI) 70, 72, 77,
166

poly(methyl methacrylate) (PMMA)
70, 71, 73, 74, 91, 97, 113, 115, 116,
121, 126, 138, 139, 152, 155, 162,
199, 207, 208, 251

poly (vinylidene fluoride) (PVDF) 70,
71, 72, 74, 138, 139

polymeric ionic liquids (PILs) 71
poly(o-ethoxyaniline) (POEA) 184
poly(o-methoxyaniline) (POMA) 49, 51,

163
polythiophene-based ionic polymers 57
polythiophene derivatives 46
polyurethane (PU) 276
polyvinyl butyral (PVB) 43, 79, 234, 256,

261
polyviologen-reduced graphene oxide

(PV-rGO) nanocomposite films
41

polyviologen thin films 39
porous NiO thin films 24
PProDOTs 49
Prussian blue (PB) 2, 3, 9, 36–38, 251,

252, 287
pulsed laser deposition (PLD) 169,

178–179

PVCDs architectures 122–140 see also
photovoltachromic

PV characteristic 124

r
R2R process 36, 133, 170, 239, 244,

248–250, 254, 259
R2R fabrication process for P–I–N

perovskite solar cell 257
Raman spectroscopy 64, 181, 210,

214–216, 222
Randles circuit 197
Randles–Sevcik equation 188, 193
redox-active metal–organic framework

(MOFs) 155
redox reaction 9, 12, 14, 18, 23, 38, 103,

115, 147, 154–156, 193, 210
Reynolds, J. 5, 47, 66, 151, 176, 236, 238,

239, 288
rGO-PV composite, electrodeposition of

41–42

s
Sage glass Saint-Gobain 267, 285
sandwich-type structure 77, 111, 116,

234, 241
scalable sheet-to-sheet slot die coating

processes, for perovskite solar cells
246

Scale-up Procedures 248–260
scanning electrochemical microscopy

(SECM) 221
scanning electron microscopy (SEM) 13,

15, 16, 20, 24–28, 30, 34, 52, 87, 97,
135, 161, 219, 220, 247, 251

self-powered PV EC energy storage
163–168

self-rechargeable EC transparent battery
163–168

semiconducting polymers 45–53, 57–62,
186, 204, 214, 286, 327

and small molecules 55, 57–62
semitransparent (ST) perovskite solar

cells 243–244
Senseable City Lab 293, 327
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Shigeru Ban 285
silicon (Si) based solar cells 129, 246
SiO2-on-P(VDF–HFP) nanofibrous mats

71
slot-die coated large-area perovskite

modules 246
slot-die coating 77, 79, 118, 170, 233,

242, 244–246, 249, 254, 257–260
Smart City 293
smart photoelectrochromic and

photovoltachromic systems
273

smart windows technology
manufacturing process 234–248
process temperature and vacuum

conditions of representative
deposition process 235, 237

sodium ion stabilized vanadium oxide
(SVO) nanorods 31, 167

sol-gel method 72, 172–173, 235
solar heat-gain coefficient (SHGC) 266
solid-state electrolytes 41, 67, 72, 91,

110, 195, 209, 241
solution processable EC polymers 47,

248
solution-based processing techniques

235
solution-based techniques 235
solution-processable EC polymers 47
spin coating 14, 29, 51, 61, 94, 169–172,

235, 236, 238, 243–245, 277
spray coating 66, 128, 163, 169–172, 235,

236, 238, 239, 243, 244, 246, 257,
258

sputter deposition method 101, 178, 236,
256

static screening systems 264
static solar protection glazing 264
suspended particle devices (SPD) 264
sustainable urban, growth and planning

292
synthesized alkoxy-functionalized

poly(3,4-propylenedio-
xythiophene)-based P(ProDOT)
polymers 47

t
Ta-doped TiO2 nanocrystals 22, 23
tantalum pentoxide (Ta2O5) 85, 117, 163
tetrahydrofuran (THF) 49, 115, 154
thermal evaporation 13, 14, 21, 29, 119,

169, 176, 177, 179, 182, 195, 235,
247, 248, 274

thermochromic perovskite 277
thermochromic smart system 281
thermochromic smart windows 279,

283, 290
thin-film EC electrodes 14
thin films processing

chemical deposition
chemical vapor deposition 175–176
dip coating 170–172
electrochemical deposition 173–174
inkjet printing method 172
Langmuir-Blodgett technique

174–175
sol-gel method 172–173
spin coating 170–172
spray coating 171

physical deposition 176–180
molecular beam epitaxy 179–180
pulsed laser deposition 178–179
sputter deposition method 178
thermal and electron-beam

evaporation 177–178
thioalkyl-substituted bis(3,4-ethylene-

dioxthiophene)-1,4-phenylene
(BEDOT-Ph) 49

thiophene-based materials 61
4,4′-(thiophene-2,5-diyl)bis(1-(4-

cyanophenyl)pyridin-1-ium)
bistriflimide (EV-1) 45

three-dimensionally ordered macroporous
(3DOM) V2O5 film 29

time dependent DFT (TDDFT) 288
TiO2 NWs based smart glass devices

antireflection and EC properties 22
TiO2 photoactive layer 123, 124
transition metal oxide anodic materials

23–28
transition metal oxides
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anodic 23–28
anodic and cathodic 28–31
cathodic 12–23

transmission electron microscopy
(TEM) 17, 18, 20, 96, 97, 161,
219, 221

transparent and conducting oxide (TCO)
films 89–90

triblock co-polymer poly(propylene
glycol)-block-poly(ethylene
glycol)-block-poly(propylene
glycol) bis(2-aminopropyl ether)
72

tungsten oxides 220
two-dimensional (2D) electrochromic

materials 31
2D transitional metal oxides 32–35
graphene 35–36

2D MoO3 nanosheets 34, 35
2D WO3.2H2O nanosheets 32–34

u
useful daylight illuminance (UDI)

269–271
UV-curable polymer based on silicone

modified acrylate prepolymer
242

UV radiation 69, 111, 204, 251
UV-thermal cross-linkable processes

243
UV-vis spectroscopy

contrast ratio 184
PEDOT:PSS and PANI 183
transmittance modulation 80, 118
WO3 182

MWNTs 184

v
vacuum filling system 113
vacuum insulating glass (VIG) 289
vacuum thermal evaporation process

247
vanadium pentoxide (V2O5) 28–31, 86,

117, 137, 157, 161, 207, 235
vapor deposition techniques 235, 246

vinyl benzyl viologen (VBV) 113, 115
viologen-modified periodic mesoporous

nanocrystalline titania 40
viologens 2, 4, 9, 38–45, 74, 153, 167

redox states 38
volumetric redox density (VRD) 238

w
web coating 235, 248, 256
wide and small-angle X-ray scattering

(WAXS/SAXS) 64, 222
window-to-wall-ratio (WWR) 267, 268
WO3/Ag/WO3 (WAW) trilayer film 250
WO3-based MIECs 56
WO3 clusters 119
WO3 1, 11–18, 20, 21, 23, 28, 32–34, 36,

56, 77, 79, 85, 86, 90, 94, 102, 103,
109, 115, 117, 119–121, 123–129,
131, 132, 134, 137–139, 143, 155,
157, 158, 161–163, 168, 172, 173,
175, 176, 182, 183, 189–192, 194,
196, 198–203, 206–208, 210–216,
219–221, 235, 243, 250, 251, 267,
286, 290

WO3 film 182
structural states 12

WO3 nanowire array films 14
WO3 quantum dots (QDs)

ion diffusion and charge transfer 17
Wohler synthesis 1

x
X-ray diffraction (XRD)

Bragg’s reflection 218
h-WO3 structure 219, 220

material structure and properties
218

NiOx nanoplatelets (NPs) films 221
octahedral molecular sieves (OMS)

h′-WO3 221
scanning electrochemical microscopy

(SECM) 221
SEM and TEM 219

X-ray photoelectron spectroscopy (XPS)
binding energy 210
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X-ray photoelectron spectroscopy (XPS)
(contd.)

in depth profiles of electrolyte-EC
interface, case of 213

fundamental principle of 210
photoemitted electrons 210
reversibility of lithium intercalation in

WO3, case of 212, 213
surface analysis 210

z
Zinc (Zn) anode 290
Zn based EC device (ZECD) 167, 290
Zn-PB systems for aqueous EC batteries

38
Zirconium dioxide (ZrO2) 70, 72, 83, 85,

86, 117
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