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a
Ah-grade pouch-type cells 226
all climates sodium-ion batteries

87–91
at extreme low temperatures

88–90
at high temperatures 90–91

alloy-based anodes 76–78, 84, 152
alloy electrocatalyst 242–244
alloying reaction type anodes

Bi-based anodes 157–160
challenges and strategies 152
Ge-based anodes 161–162
P-based anodes 152–153
Sb-based anodes 155–157
Si-based anodes 160–161
Sn-based anodes 153–155

α-MnO2 319–320
amorphous-FePO4 121
anode-free SIBs 84–85

electrochemically stable electrolyte
85–87

anode materials, lithium-ion batteries
9–10

aqueous potassium-ion batteries
(APIBs) 106–107

aqueous zinc-ion batteries (AZIBs)
cathode materials 305

halogen-based (iodine/bromine)
cathode materials 336

manganese-based oxides
319–332

organic compounds 343–349
Prussian Blue Analogs (PBAs)

332–335
vanadium-based compounds

305–306
development history 298–299
energy storage mechanism

301–305
overview of 297–298
structure and components of

299–301
zinc metal anode materials 349

water-induced interface side
reactions 352–353

zinc anode protection strategies
353–358

zinc deposition and dendrite
growth 350–352

b
bamboo-shaped MoS2/N-doped

carbon hollow tube 173
β-MnO2 320
Bi2Te3 178, 183–185
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Bi@3D porous carbon framework
158

Bi12O17Cl2 bilayer nanosheets 158
Bi-based anodes 157–160
Bi-based metal-organic framework

precursors 158
Bi nanospheres 158
binders, lithium-ion batteries 15–16
Bi@N-doped carbon nanocages 158
Bi@N-doped three-dimensional

carbon nanospheres 158
black phosphorus 152, 153, 165
boron group (B—O, B—F) and silyl

group (Si—N, Si—O) 57
bromine-based cathode materials

340–343

c
carbonate-based electrolytes 281
carbon-based poly(4,4’-

oxydiphenylamine)/MnO2
organic-inorganic hybrid
cathode (C@PODA/MnO2)
328

carbon-coated bilayer Bi 158
carbon matrix potassium vanadium

pyrophosphate powder 129
carbon nanofiber composite materials

with core–shell structure
(Sb@CNFs) 155

carbon-S cathodes 283–284
carbonyl compounds 343, 346–347
carboxylate organic anode materials

187–188
cell integration technology,

lithium-ion batteries 13
cell–module–pack loading 13
cellular carbon microsphere 148
chromium-based metal oxide

113–114
cobalt-based metal oxide 118–120
Co-based metal phosphides 166–168

Co-based Prussian blue
(KCoFe-PBAs) 139

conductive polymers 327, 328, 337,
343–345

conversion reaction mechanism
165, 303–304

conversion reaction-type anode
material

challenges and strategies 163
metal chalcogenides 170–186
metal oxides 163–164
metal phosphides 164–169

CoTe2 178–181
covalent organic frameworks (COFs)

290, 348–349
cycle life, SIBs 27–28

d
defect engineering 34, 234–236
δ-MnO2 321
deposition-dissolution reaction

mechanism 304–305
diglyme (DGM) electrolyte 41
Direct Ink Writing (DIW) 73
dumbbell-shaped hard carbon

(SDHC) 149

e
electrocatalyst-enhanced S cathode

285–288, 294
electrochemical deposition 325, 333
electrochemically stable electrolyte

85–87
electrolyte, lithium-ion batteries

13–15
electrolyte additives 14, 41, 51–65,

192, 252
electrolyte desolvation strategies

40–43
electrospinning 69, 73, 169, 312
element doping 6–7, 89, 173, 178,

184–185, 331
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encapsulated lithium polysulfide
electrolyte (EPSE) 250

ε-MnO2 322
ether-based electrolytes 43, 48,

280–281
ether-based solvents 48, 195

f
fast-charging anode materials 66

alloy-based anodes 76–78
balancing capacity and cyclability

78–81
conductive coating and

modification 75–76
nanostructuring 69–75
porous engineering 67–69
2D materials 81–84

Fe-based phosphides 165–166
FePO4 121–122
FeTe/FeTe2 181
film-forming additives 58–59
fluoric (C—F) and oxygen-containing

groups
(R—C=O—O—C=O—R’,
R—O—R’) 55–56

fluorophosphates 57, 124–127

g
γ-MnO2 320–321
Ge-based anodes 161–162
Ge-based metal phosphides 168–169
gel polymer electrolytes (GPEs) 289,

292
graphite//NDD-3//Na3V2(PO4)2O2F

system 48
graphitic carbon materials 145–146
grid-scale SIBs 28

h
H2O/Zn2+ co-insertion/extraction

mechanism 302–303

halogen-based (iodine/bromine)
cathode materials

bromine-based cathode materials
340–343

iodine-based cathode materials
336–340

heterosite-FePO4 121, 122
hexaazatrinaphthalene (HATN)

142
hexyl methyl ether (HME) 250
hierarchical porous C/SiOx composite

material 161
high-entropy PBA (HEPBA) 137
highly [002]-oriented mesoporous

graphite carbon nanocoil
(OGCS) 145

high pressure lithium
nickel-manganate
LiNi0.5Mn1.5O4 9

hollow Sb2Se3@C microtubes 155
honeycomb ordered superlattice

structure 31–33
H+/Zn2+ co-insertion/extraction

mechanism 302

i
imine compounds 343, 347
inorganic salt additives 57–58
in situ electrochemical impedance

spectroscopy (EIS)
characterization 258–259

in situ Fourier transform infrared
spectroscopy (FT-IR)
characterization 255–256

in situ Raman characterization
253–254

in situ stress detection technology
261–262

in situ transmission electron
microscopy (TEM)
characterization 260–261
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in situ ultraviolet–visible spectroscopy
(UV–vis) characterization
254–255

in situ X-ray absorption spectroscopy
(XAS) characterization
257–258

in situ X-ray diffraction (XRD)
characterization 256–257

intercalation-type anode materials
144

challenges and strategies 144–145
graphitic carbon materials

145–146
non-graphite carbon materials

146–149
titanium-based materials

149–151
interfacial engineering 33–34
iodine-based cathode materials

336–340
ionic electrolytes 189, 192–193
iron-based Prussian Blue

(KFeFe-PBA) 134–137

k
K3M2(PO4)3 123–124
K-graphite intercalation compounds

(K-GICs) 145
KMnPO4 122–123
KVPF@KCO composite cathode

126

l
λ-MnO2 321–322
layered metal oxides 110–113

challenges and strategies 113
chromium-based metal oxide

113–114
cobalt-based metal oxide

118–120

manganese-based metal oxides
114–118

layered oxide cathode materials 4–8,
112

honeycomb ordered superlattice
structure 31–33

structure characteristic and failure
mechanism 29–31

layered porous carbon-loaded system
Sn4P3@C 155

layered porous nitrogen-doped hard
carbon microspheres 149

layered vanadium-based compound
306–308

liquid electrolytes (LEs) 290–292
lithium anode protection 249, 266
lithium-ion batteries

anode materials 9–10
binders 15–16
cell technology 10–13

battery cells 10–13
cell integration technology 13

electrolyte 13–15
layered oxide cathode materials

4–8
polyanion-type cathodes 1–2
spinel structure cathodes 8–9

lithium manganate 8, 9
lithium manganese iron phosphate

3–4
lithium–sulfur (Li–S) batteries

alloy electrocatalyst 242–244
artificial modification layer on

lithium anode 252
composition and structural

manipulation 236–238
defect engineering 234–236
development history of 225–226
electrocatalyst design strategies

230
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electrolyte regulation 249–252
heterojunction construction

238–242
lithium anode protection 249
micro/nanostructure design

230–233
MOFs electrocatalysts 244–245
overview of 226–227
polyoxometalates (POMs)

electrocatalysts 245–247
practical application research of

262
high and low-temperature

electrochemical performance
265–266

pouch-type Li–S batteries
263–264

problems and challenges of
229–230

single-atom (SA) electrocatalysts
247–248

in situ characterization
252–262

in situ electrochemical impedance
spectroscopy (EIS)
characterization 258–259

in situ Fourier transform infrared
spectroscopy (FT-IR)
characterization 255–256

in situ Raman characterization
253–254

in situ stress detection technology
261–262

in situ transmission electron
microscopy (TEM)
characterization
260–261

in situ ultraviolet–visible
spectroscopy (UV–vis)
characterization 254–255

in situ X-ray absorption
spectroscopy (XAS)
characterization 257–258

in situ X-ray diffraction (XRD)
characterization 256–257

working principle of 227–228

m
manganese-based metal oxides

114–118
manganese-based oxide cathode

materials
α-MnO2 319–320
β-MnO2 320
δ-MnO2 321
ε-MnO2 322
γ-MnO2 320–321
λ-MnO2 321–322
modification strategy

composite materials design
326–328

defect engineering 328–329
element doping 331–332
guest pre-intercalation strategies

329–331
micro/nano structural design and

phase regulation 323–326
R-MnO2 322

manganese-based PBAs
(KMnFe-PBAs) 137–138

manganese monoxide (MnO)
322–323

mesoporous titanium niobium oxide
69

metal chalcogenides 143, 170–186
metal-organic frameworks (MOFs)

142, 168, 231, 244, 245, 337,
338, 348–349

metal oxides 163–164
metal phosphides 153, 164–169



�

� �

�

372 Index

metal selenides 173–177, 180
metal sulfides 170–173, 178
metal tellurides 178, 183
Mn3O4 320, 323, 324
module-less battery 13
MOFs electrocatalysts 244–245
monodisperse Co4W18 cluster catalyst

246
MoP@NP-HCNTs composite 153
MoS1.5Te0.5@C

nanowires-in-nanotube
structures 72

n
NaMH batteries 93
nano rose-shaped MoS2 172
nanostructuring 69–75
NASICON, tunning voltage and

capacity of 33–37
NASICON-type

Na3.5MnCr0.5Ti0.5(PO4)3
cathode 37

NaSO3CF3/diglyme electrolyte 46
Ni-based metal phosphides 168
nitrogen-doped carbon nanosheets

(N-CNSs) 326
nitroxide radical compounds

347–348
N/O-codoped multichambered

carbon nanoboxes (MCCBs)
283

non-graphite carbon materials
146–149

o
O3-type layered metal oxides 112
olivine structure 9
organic anode materials

carboxylate organic anode
materials 187–188

challenges and strategies 187
framework compounds 188–189

organic cathode materials
challenges and strategies 139–140
organic small molecules and

polymers 140–143
organic cathodes 38–40
organic compounds cathode materials

carbonyl compounds 346–347
conductive polymers 343–345
covalent organic frameworks

348–349
imine compounds 347
metal-organic frameworks

348–349
nitroxide radical compounds

347–348
organic electrolytes 48–51, 106,

191–192
organic small molecules and

polymers 140–143
oxygen-defect-abundant TinO2n-1

quantum dots 234
oxyphosphates 33, 129–132

p
P2-K0.6CoO2 microspheres 120
PBA batteries 93
P-based anodes 152–153
perylene-3,4,9,10-tetracarboxylic

dianhydride (PTCDA) 50
phosphate-based polyanion cathodes

33–37
phosphate ester ((RO)nP(O)(OH)3-n)

and nitrogenous group
(R—NH2, R—C=O—NH2,
C≡N) 57

PO4 polyhedra 33
poly(1-[3-(methacryloyloxy)

propylsulfonyl]-1-
(trifluoromethanesulfonyl)
imide Na) (PMTFSINa) 289

polyanionic compounds
challenges and strategies 121
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fluorophosphates 124–127
oxyphosphates 129–132
phosphates 121–124
pyrophosphates 127–129
sulfates and fluorosulfates

132–133
polyanion-type cathodes 1–2

lithium manganese iron phosphate
3–4

polyanion vanadium-based
compounds 310–311

polymer-S cathodes 284–285
polyoxometalates (POMs)

electrocatalysts 245–247
POM-cyclodextrin cluster-organic

supramolecular framework
(POM-CD-COSF) 246

porous engineering 67–69
potassium-ion batteries (PIBs)

anode materials 143
alloying reaction type anodes

151–162
conversion reaction-type anode

material 163–186
intercalation-type anode

materials 144–151
organic anode materials

186–189
aqueous 106–107
brief history of 105–106
cathode materials for 109

layered metal oxides 110–113
organic cathode materials

139–143
polyanionic compounds

120–133
Prussian Blue Analog 133–139

composition and working principle
of 107–109

electrolyte 189
challenges and strategies 189
ionic electrolytes 192–193

organic electrolytes 191–192
solid-state electrolytes 193–194
water-based electrolytes

189–190
potassium–sulfur (K–S) batteries

anodes 197–198
composition, working mechanism,

and challenges of 194–195
electrolytes 198–201
sulfur cathode 195–197

pouch-type Li–S batteries 263–264
Prussian Blue Analogs (PBAs)

37–38, 110, 133–139, 335–335
challenges and strategies 134
Co-based Prussian blue 139
iron-based Prussian Blue 134–137
KCuFe-PBA 138
KNiFe-PBA 138
manganese-based PBAs 137–138

Prussian Blue Analogs (PBAs)
cathode materials

ball milling method 333–334
composite material regulation 334
co-precipitation method 333
electrochemical deposition 333
electrostatic spray-assisted

co-precipitation 334
metal substitution 335
new morphology regulation 334
single-source method 333
structural water regulation 334

pyrophosphates 127–129

r
red phosphorus@carbon composite

material 152
rGO-encapsulated metal-organic

frameworks 171
R-MnO2 322
room temperature sodium-sulfur

(RT Na–S) batteries
anodes 288
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room temperature sodium-sulfur
(RT Na–S) batteries (contd.)

carbon-S cathodes 283–284
challenges of 281–283
electrocatalyst-enhanced S cathode

285–288
electrolytes 290–293
history of 278–279
polymer-S cathodes 284–285
reaction mechanism of 279

carbonate-based electrolytes
281

ether-based electrolytes
280–281

separators 288–290

s
saltwater batteries 93
Sb2Se3 nanoparticles 176
Sb2Te3 185–186
Sb-based anodes 155–157
Sb graphite composite material

(Sb7@G3) 156
Se- and N-codoped 3D macroporous

carbon (Se/N-3DMpC) 72
Si-based anodes 160–161
single-atom (SA) electrocatalysts

247–248
sized pyrolyzed polyacrylonitrile

(S-pPAN) 284–285
S-microporous carbon composite

(S/(CNT@MPC)) 283–284
Sn-based anodes 153–155
Sn-based metal phosphides 169
SnP0.94/graphene oxide

nanocomposites 155
Sn@rGO composite 155
SnSe2/NiSe2 nanocomposite 80
sodium-ion batteries (SIBs)

all climates sodium-ion batteries
87

at extreme low temperatures
88–90

at high temperatures 90–91
anode-free cell design 84

electrochemically stable
electrolyte 85–87

cathode materials 29
organic cathodes 38–40
phosphate-based polyanion

cathodes 33–37
Prussian Blue Analogs 37–38

electrolyte additives 51–65
electrolytes for fast charging 40

electrode/electrolyte interphase
43–48

electrolyte desolvation strategies
41–43

organic electrolytes 48–51
fast-charging anode materials 66

alloy-based anodes 76–78
balancing capacity and cyclability

78–81
conductive coating and

modification 75–76
nanostructuring 69–75
porous engineering 67–69
2D materials 81–84

fundamentals of 27–28
vs. lithium-ion batteries (LIBs) 25
motivation for exploring 25–27
Na-powered progress 91–92

baseline cost framework study
93–94

cost reduction 94
electrochemical systems 92–93

solid electrolyte interphase (SEI)
41–44, 88, 90, 116, 198,
249–251, 256

solid-state electrolytes (SSEs) 27, 43,
193–194, 292–293

solid-state sodium batteries (SSSBs)
92, 93



�

� �

�

Index 375

spinel structure cathodes 8–9
spinel-structured vanadium-based

compounds 310
SSEs. see solid-state electrolytes
sulfates and fluorosulfates 132–133
sulfonyl (R—S(=O)2—R’) and

sulfoxide (R—S(=O) —R’)
groups 56

sulfur cathode 195–198, 200, 227,
229

sulfurized polyacrylonitrile (S-PAN)
226, 264, 292

t
tetrabutylammonium (TBA+) 59
tetrahydrofuran (THF)-based

electrolyte 45
3,4,9,10-perylene tetracarboxylic

dianhydride (PTCDA) 140
3,5-bis(trifluoromethyl)thiophenol

(BTB) 249
3D hierarchically structured

micro/nanomaterials
(3D-HMNs) 69

3D hierarchical
micro/nanoarchitecture
(3D-HMN) materials 71

3D nitrogen-doped hierarchical
porous carbon framework
(termed 3D-PNCV) 286

3D printing 73–74
Ti3C2Tx nanosheets 150
tin telluride 185
titanium-based materials 149–151
transition-metal single-atom catalysts

(SACs) 286
transition metal sulfide 81–84
2D materials 81–84
two-dimensional selenium-rich

ZnSe/CoSe2@C heterogeneous
composite 177

u
ultra-fine Fe2O3 nanocrystals

(GFe2O3) 79
ultrathin two-dimensional

graphene-based mesoporous
SnO2/SnSe2 composite material
239

v
vacancies-regulated PBAs 38
vanadium based compound cathode

materials
layered vanadium-based compound

306–308
modification strategies 311

composite materials design
313–314

constructing micro/nano
structures 311–313

defect introduction 317–319
ion/molecule pre-intercalation

314–315
phase/crystal plane regulation

313
polymer/small molecule

pre-intercalation 317
structural water pre-intercalation

315–317
polyanion vanadium-based

compounds 310–311
spinel-structured vanadium-based

compounds 310
tunnel structures 308–310

w
water-based electrolytes 189–190

y
yolk-shelled cubic structure

Fe3O4/FeP@Cnanoreactors
231, 233
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z
ZEBRA battery 92
Zero Emission Battery Research

Activities 92
zinc alloy anodes 355–356
zinc-manganese dry cell batteries

297, 298
zinc metal anode materials 349–358

water-induced interface side
reactions 352–353

zinc anode protection strategies
353–358

zinc deposition and dendrite
growth 350–352

zinc-nickel secondary batteries
297

Zn2+ insertion/extraction mechanism
301–302

ZnTe 178, 181–182
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