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a
AAO template-assisted nanoimprinting

359–376
abietic acid 520
abrasion-resistant antifouling coating

520–523
absorber-perpendicular TI structures

436
acid-producing bacteria 511
acoustic absorbance 551
acoustic diffraction and disturbance 551
acoustic intensity 79, 570
acoustic sensor 39, 268, 269
acoustic theory 77–79, 551
acoustic waves 39, 40, 79–81, 551–563,

572, 578
acoustooptic effect 82–83
acrylate monomers 524, 527
acrylic alkyl silane type ion exchange

resin 527
acrylic mold-proof coatings 517
acrylic monomers 524
acrylic silicon, zinc, copper-based tin-free

self-polishing antifouling coatings
524

active collision avoidance (MAA) sonar
555

active graphene–silicon hybrid diodes
438

active sonar system 553–555
Adaptive Cross Approximation (ACA)

method 229, 232
adaptive integral method (AIM) 232

adhesive PDMS 423
advanced hostile sonar systems 565–573
aerobic iron-oxidizing bacteria (IOB)

513, 514, 540
aeronautical sonar buoy 563–565
Ag nanofibers 34, 419, 593
Ag nanoprisms 340–342, 348–350, 356
Ag NFs/SFCM/Pt NFs sandwich structure

419
Ag NW-based transparent conductive film

593
Ag NWs/PET films 593
Ag-graphite/PVDF nanocomposites 595
air dehydration 449
Air Independent Propulsion (AIP)

systems 107, 286, 293–295, 387,
555, 575, 578–582

aircraft hunting technique 551, 571
AKULA 971 type Russian submarine

559
Al2O3-YSZ graded thermal barrier coating

(GTBC) 623
Al2O3-YSZ graded transition zone 624
Alberich coatings 574
alkaline hydrolyzed polymethyl

methacrylate 463
alternating field frequency effect

184–185
aluminum electrodes 203
aluminum plate 592
aluminum-ion batteries (AIBs) 21–23
amino acid 477, 478
2-amino-2-deoxy-β-D-glucose 496
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ammonia sensors 428
ammonium bifluoride 36
amorphous magnetic semiconductors

270––277
amorphous materials 264, 272, 279, 280,

285, 286, 476
AMR class submarine 558–560, 563
amylopectine 495
amylose 495, 502
anaerobic sulfate-reducing bacteria (SRB)

511, 513, 514, 540
AN/BQS-11-12 spherical array sonars

557
AN/BQS-13DNA class spherical array

sonar system 557
anechoic coating 551

basic physics 573–574
sonar system and 582
structure and materials design for

574–582
angle of arrival (AOA) 572
angle-resolved photo-electronic

spectroscopy (ARPES) 655–656
angular momentum (AM) 83, 222, 231,

233–239
anisotropic magnetoresistance (AMR)

95–96
anisotropic porous MWCNT/water-borne

polyurethane (WPU) composites
596

annealing effect 355, 370
anodic aluminum oxide (AAO)

Al substrate 382
cancer treatment 388–389
semiconductive nanowires thin films

371–376
structure model 360
surface enhanced Raman scattering

362–363
ultra-dense nanoparticle arrayed thin

films 367–371
anodizing reaction 361
ANSYS Multiphysics 88–90
anti-biofouling function 480
anti-EpCAM antibody 392

anti-EpCAM binding cells 390
anti-mold coating

acrylic mold-proof coatings 517
development trend 518
epoxy-based mold-proof coatings 517
polyurethane anti-mildew coatings

517
silicone 517

anti-submarine techniques 551, 571
antibiotics 476, 478–479
antiferromagnetic (AF) 97, 110, 135, 652

coupling 97
antifouling agents, main types and

selection of 518–520
antifouling coatings 514

abrasion-resistant antifouling coating
520–523

development trend of 535–540
fouling-release coatings 531–535
main types and selection of antifouling

agents 518–520
self-polishing antifouling coating

523–531
antiparallel alignment 59–60, 96–97,

106, 113
apiogalac-turonan 495
aquaporin biomimetic membrane 481
aqueous gold nanoparticles

composite of nano-porous gold thin
films and 367

aqueous phase Ag nanoparticles
351–356

aqueous spherical gold nanoparticles
398

preparation and characterization of
367

α-arabinofuranose 497
aromatic diamines 460
aromatic polyamide (PA) 452, 462–463
array computation 228
array-type PBES 35, 419
arrayed thin films 7, 367–371, 394, 660
artificial intelligence (AI) 411

high efficiency THz-wave modulators
438–439
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optical polymer based films 435–436
plastic liquid crystal display 436–438
thermal management for electronic

equipment 439
artificially synthesized polymers 530
Arton film 436
as-prepared biomimetic nanofiltration

membrane water flux 481
Astute class submarine 558
asymmetric polyimides 474
atmospheric plasma spraying (APS)

method 617, 621, 625–628, 630,
636

atomic force acoustic microscopy (AFAM)
655

atomic force microscopy 129, 183
atomic layer deposited Al2O3 501
atomic layer deposition (ALD) technique

112, 212, 490, 501
atomic thick 2D materials 653
atom-scale electronic mechanics (AEMs)

7, 8, 199–214
Auger recombination 19
auto antigen detection 100
autonomous underwater vehicle (AUV)

551, 571–572
auxiliary resin 523
axial suspension plasma sprayed TBCs

630
axial suspension plasma spraying

technique 630
Ayax spherical sonar array 557

b
bactericidal and antifouling coatings

515
bacteriorhodopsin (BR) 435
Ball Grid Array 207
Barkhausen’s jumps 162
batch wafer processing techniques 35
BaTiO3 433–434, 554
beer and wine demineralization 449
benzyl ether derivatives 498
betaine-type zwitterionic monomer 528
betaines 528–529

Bi-Te superlattices 311
bias magnetic field effect 110, 181,

185–186, 188, 190, 193
biaxially oriented polypropylene (BOPP)

film 433, 501
bio-hybrid nanocomposite films 497
bio-integarted wearable sensors 422–425
bioacoustics 549
biodegradable polymers 489–491, 499
biomass derived polymers

cellulose nanofibrils 492–494
chitosan 496–497
collagen 491–492
lignin 498–500
pectin 494–495
polysaccharides 490
protein based polymers 490
starch 495–496
xylan 497–498

biomass derived thin film coatings
biobased multilayer coating 502
sol-gel phase inversion coatings

500–501
biomass plastics films 503–504
biomass waste 489
bionic echolocation 552
bioplastics 490, 503–504
biosensing configurations 386
biosensor film substrate 421–422
BiREIG 152
bis (carboxylic anhydride) 473
bismuth chalcogenides 434
bismuth titanate-based ceramics 554
bismuth-substituted iron garnet (BiIG)

films 126
for biosensing 174–178
synthesis of 128
synthesis technology & conditions of

126–135, 137
Bloch theorem 228
blue shift 134, 143, 355–356
Bohr magnetic moment 83
Boltzmann constant 74, 83
Bombyx mori silkworms 419
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bond coat (MCrAlY) 624–625
boron nitride nanosheets (BNNs) 439
Bose–Einstein condensation 125
bottom-up methods 5, 651
bow column integrated (CHA) sonar 555
bow conformal array sonars 558
bow multi-function sonar systems 556
BQQ-6 sonar 569
BQQ10 sonar 557
BQR-23/25 slender line array sonar 562
BQR-23/25 thin line array 561
brackish water reverse osmosis (BWRO)

465–468
Bragg diffraction 82–83
Bragg gratings 81
Bragg mirrors (BM) 135–137, 139,

141–145
broadband quasi-perfect absorption 577
BSY-2 sonar 569
buffered oxide etch (BOE) 202
bulk dye film 435
bulk micromachining 209
buoy sonars 563, 571
1.4-butanediamine (BDA) 15

c
calcia-magnesia–alumina-silicate (CMAS)

636
calcium-manganese-zirconium-

gadolinium-gallium (CMZGG)
128

calcium-niobium-gallium (CNGG) 128
camouflage 420–421
camphor sulfonic acid (CSA) 313
capacitors 39–40, 210–211, 318, 432–434
ε-caprolactone 427, 530
carbodiimide 496
carbonaceous-based RAM 604–606
carbon-based fillers 595–599
carbon-based fossil fuels 439
carbon-based materials 595, 599
carbon black 26, 414, 416, 427, 589, 605
carbon nanofibers (CNFs) 490, 492–494,

501–502, 605
carbon nanotubes (CNTs) 457, 469, 595

polymer composites 315
reinforced plastic 596
water channel membrane 481

carboxylic acid 390, 464
catalyst nanoparticles 429
catastrophic failure temperature 286
cathode sputtering 589
cathodic protection 514
C(CF3)2 linkages 474
cellophane 448, 501, 504
cellulose 448–449, 458, 496–499,

502–505, 530
cellulose acetate (CA) 449, 452, 456,

462–463, 468, 477, 504–505
cellulose based films 504–505
cellulose diacetate polymer 463
cellulose nanofibrils (CNF) films 490,

492–494, 501–502, 605
cellulose triacetate (CTA) 456, 463
cellulose xanthate 505
ceramic membrane 452, 470
ceramic–matrix composite (CMC) 635
cereal alcohol 520
CFTBOx thin films 274
chalcogenides 3, 11, 103, 211, 257, 258,

261, 265–268, 270, 277, 280, 434,
652

ChamPro technology 626
characteristic basis function (CBF)

method 231
charge-coupled device (CCD) 10, 146,

346, 390
charging process 433
chemical etching 201, 202, 539
chemical modification method 456
chemical plating 589
chemical sensor 210, 269
chemical vapor deposition (CVD) 3, 24,

109, 202, 203, 211, 258, 260–261,
311, 321–323, 454, 596, 599, 621,
650, 653

chip design 206, 412
chip fabrication technology 412
Chip Scale Package 207
chiral negative magnetoresistance 662
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chiral opposite Weyl points 662
chitosan 490, 496–497, 501–503,

530
chlor-alkali process production 449
chlorinated rubber 521
circulating tumor cells (CTCs) 388–393,

404
cis-rich poly(1-trimethylsilyl-1-propyne)

(PTMSP) 475–476
Class V-attack nuclear submarine 556
Clean & Clear® 422
closed-form relation 64, 225
CNF/epoxy composites 605
CNT-multilayered graphene edge plane

(MLGEP) core–shell hybrid foam
599

CNTs/ZnO whisker composites 604
cobalt oxide thin films 311–312
CO2 capture and storage (CCS) 472
CO2 emissions 472, 502
CO2 reduction technologies 472
CO2 removal 449
CO2 separation

high permeability polyimides 473–474
highly permeable substituted

polyacetylenes 475
polymers of intrinsic microporosity

(PIM-1) 475–476
thermally rearranged (TR) polymers

474
co-polarization 228
coefficient of thermal expansion (CTE)

286–287, 418, 624
coherent dichroic excitation 660
coil-type inducer 180
collagen 490–492
collagen fibrils 491–492
colloidal surfactants 33
colloids from crystalloids 448
colossal magnetoresistance (CMR) effect

59, 95, 102, 103
applications 105–106
multi-layered thin films fabrication

103–105
columnar structured TBCs 626

columnar-structured coatings 626, 630
common bow-shape sonar arrays 556
common modified silicone resins 532
communication sonar 563
complementary metal-oxide-semi-

conductor (CMOS) 2, 100, 201
fabrication process of 203

complementary split ring resonators
(CSRRs) 235

composite honeycomb sandwich
metasurface panel 579–580

composite membrane 28–30, 34, 37, 419,
440, 452, 456, 462, 480

composite shielding materials
carbon-based materials 599
polymer-based composites 592–593

COMSOL Multiphysics 88–90, 191,
648

concentration polarization factor (CPF)
465–467

conducting polymers (CP) 314, 415–416,
418, 423, 428

conductive coatings 421, 589, 592
conductive coating shielding material

592
conductive filler 416, 423, 592–593
conductive polymers 12, 415, 589, 592
conformal array sonar 558–559
conjugated microporous polymer (CMP)

30
conjugated polymers 426–427, 431–432,

438
controlled breakdown (CBD) 36
cooperative localization 571–572
copper acrylate self-polishing resin 524,

526
copper naphthenate 518, 523
copper plate 592
copper pyrithione 523
copper-based tin-free self-polishing

antifouling paint 524–528
copper-containing inorganic compounds

518
copper-free self-polishing antifouling

paint 524, 529–530



686 Index

copper/large flake size graphene (Cu/LG)
composite film 599

core-shell nanocomposites 440
covalent organic framework materials

(COFs) 479
CPEN/F-BaTiO3 dielectric films 433
Cross Domain Maritime Surveillance and

Targeting (CDMaST) 572–573
cross-linked polymer-based films

433–434
cross-polarization 228
crystal plates of gadolinium-gallium

(GGG) 128–129, 131, 140,
146–147, 149, 151–154

Cu based thin films 312–313
Cu NWs/polystyrene (PS)

nanocomposites 594
cuprous oxide antifouling agent 515, 521
cuprous thiocyanate 518, 523
Curie temperature 127, 132, 135,

270–271, 273–274, 277, 279, 603
cyclohexanone 523
cylindrical sonar arrays 556

d
Dallenbach layer materials 602
dark blue lasers 663
dark field optical microscopy and

spectroscopy (DFOMS) 345, 346,
348

DC magnetron sputtering technology
436

Dcoit (4,5-dichloro-2-n-octyl-4-isothia-
zoline-3-ketones) 529

Debye theory 633
decontamination 449
deep reactive ion etching (DRIE) 201
defective welds 180, 188–190
degradable biomass-derived

functionalized films
biomass plastics films 503–504
cellulose based films 504–505
polysaccharide-based films 502–503
protein-, pig skin gelatin-, lipid-based

films 503

degradable self-polishing antifouling
coatings 530

deionized water 110, 361, 364, 366, 367
demagnetization 71, 83, 162
dendritic poly(glycerols) 539
density functional theory (DFT) 31, 647,

650
Deployable Autonomous Distributed

System 572
desalination 28–30, 37, 361, 430, 454,

457–458, 461–469, 479, 481, 670
D-galactopyranosyluronic acid (GalpA)

494
DI water dissociation system 416–417
diamine 287, 464, 473
dielectric storage capacitors 432
differential scanning calorimetry (DSC)

method 286, 288, 289, 296
diluted magnetic semiconductors 259,

270, 271, 667
3,30-dimethylnaphthidine (DMN) 474
dimethylsulfoxide (DMSO)-mixed PEDOT

314
dinitrotoluene (DNT) 427
dipole resonance 354
Dirac fermions 75, 649, 662
Dirac point 649, 662
Dirac semimetals 2, 106, 666, 667
directional-solidification (DS) metallurgy

618
discrete dipole approximation (DDA)

346–351
dissolved antifouling paint 520–521
dissolving pulp 504
Distributed Agile Submarine Hunting

(DASH) 272, 346, 347, 572, 574
diterpene carboxamide compounds 536
diuron 523
DNA detection 100
DNA sequencing 35–37, 392
Doctor blading and doping fabrication

technique 12
doped photocatalysts 429
Doppler effect 551–573
Doppler radar 553
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Doppler, Christian Johann 552
double layered GZ/YSZ TBCs 636
double-layer graphene 29
doubly periodic diffraction grating 574
drop-coating 340–341, 357, 598
“drop-in” plastics 490
dry etching 202, 210
dry-wet method 456
dual band scatterer 227
dual photon microscope 666
dual-wave sum frequency oscillation

656–657
β-D-xylosyl (Xylp) 495
dynamic domain structure (DDS) 179,

186–187

e
EA films 179, 182–184

physical properties of 184, 188
EA sensor 182–183, 185, 186, 188
E-beam lithography 2, 201
EC magnetic fields 180, 183

samples defects 190–193
echolocation 550–573
echolocation theory 550
Econea (2-(p-chlorophenyl))-3-cyano-4-

bromo-5-trifluoromethyl-pyrrole)
529

ecosystem recycling 504
eddy currents 80, 100, 113, 126, 178–193
efficient electron transport layer-free

perovskite solar cells 18
electric and gas welding 180, 190
electric double layer (EDL) 40, 278
electric permittivity 71, 590
electrical conductivity 11–12, 24, 80,

210, 299, 301, 304, 306, 313–316,
321, 324, 326, 428, 432, 590–592,
594–596, 599, 633

electro-acoustic materials 554
electrochemical corrosion-resistance

203, 516
electrochemical deposition (ECD) 323
electrochemical reactions 24, 511

electrochemical reduction reaction 31
electrochemical/colorimetric sensors

415
electrode contact impedance 423
electrodialysis (ED) 447, 461
electroluminance OLEDs 286
electroluminescence effect 261–262
electrolytic antifouling technology 514
electromagnetic field 88, 90, 149, 204,

377, 386, 396, 402, 589–592, 599,
604

electromagnetic interference (EMI) 38,
587–608

electromagnetic spectroscopy (EMS) 655
electromagnetic spectrum 587–588
electromagnetic waves 38, 62, 65, 68, 95,

126, 175, 233–240, 586, 587,
589–592, 599, 601–604, 608

electron beam deposition method 97,
113

electron-beam evaporation 98, 136–137,
501, 616

electron-beam lithography 5, 146, 201
electron-beam physical vapor deposition

(EB-PVD) 617, 621–627, 630,
635

electronic percolation 60–61
electrophysiological skin-integrated

sensors 422
electroplating 200–201, 209, 589
electrostatic effects 350, 451
ellipsometer 286, 290, 295
elliptical microcavity 660
EMI shielding materials

basic theory 589–591
composite shielding materials

592–599
conductive coating shielding material

592
ferromagnetic material 591–592
filled type 589
metallic good conductor material

591–592
stealth coatings 600
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EMI shielding materials (contd.)
surface coating film shielding material

591
surface conductive type 589

endoscopic tooth-like tactile sensor 416
energy density 21–22, 24–25, 79, 81, 104,

433–434, 440
energy dispersive X-ray (EDX) 108,

152–153, 368–370, 374–375
energy storage capacitors 432
environmental hydrologic detection sonar

(EHD) 555, 563
environmental pollution 401–402, 476,

489, 522, 569
environmentally friendly, solvent-free

membranes 479
EP films

sensory properties of 188
epitaxial ferrite garnet films (EPFG)

178–179, 190
epitaxial growth 3–5, 16, 650, 652
epithelial cell adhesion molecule

(EpCAM) 390–392
epoxy-based mold-proof coatings 517
equivalent impedance model 65, 226
esters 498–499, 523–524, 527
ethylene vinyl alcohol copolymer (EVOH)

502
evaporative gel method 456
excitation coil 161
explosives detection 426–428
external hull acoustic deflectors 551
extracellular polymeric substances (EPS)

513–514

f
Fabry–Perot (FP) fringes 135–136,

139–144, 381, 389–391, 393–394,
659

Fabry–Perot effect 404
Fabry–Perot interference (FP-IF) 8, 381,

390–391, 393–394, 405
Fabry–Perot one-dimensional

magnetophotonic crystals
(FP-1D-MPCs) 135, 136, 139–144

Faraday angle 72, 165
Faraday effect 69, 71–73, 125, 139, 145,

146, 149–151, 153, 164, 168, 179,
193

Faraday hysteresis loops (FHLs) 127,
129, 131, 132, 134, 139, 140

Faraday rotation (FR) 71, 73, 126–127,
129, 132, 134, 153–156, 164,
181

fast Fourier transform (FFT)-based
method 172, 230, 232, 233, 390

fatty acid esters 498
F-BaTiO3 particles 433
Fe-filled CNT/epoxy composites 605
FeCo nanotubes 439
femtoliter 35, 36
femtosecond laser micro/nano

manufacturing process 663
femtosecond lasers 655, 663, 664
Fermi energy 60, 106, 213, 308
Fermi’s rule 241
fermion-number fractionalization 648,

652
ferrite 125, 178, 190, 602–604
ferrite-garnet film 190
ferrite–graphene-based thin broadband

radar wave absorber 603
ferromagnetic 97

material 61, 83, 326, 385, 388, 589,
591–592, 595

metals 61, 96, 112, 162, 175, 270, 273,
386, 667

ferromagnetism 268, 270–273, 277–280,
667

ferromagnets 60, 95, 96, 106, 113, 125,
270, 273, 276–278

ferulic acid residues 497
Fick equation 450
Fick’s 1st law of diffusion 87
Fick’s 2nd law of diffusion 87, 88
Fick’s law 87, 88
field emission transistors (FET)

fabrication process of 203–205
field emission-scanning electron

microscopy (FE-SEM) 374–375
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figure of merit (FM) 9, 126, 135,
139–140, 142, 299, 301–304, 306,
315–316, 323, 326–327

filled electromagnetic shielding composite
materials 589

filled type EMI shielding materials 589
film capacitors 432–433
film form organisms 511
film preparation technology 412
finite element analysis (FEA) 15, 88–89
first principles theory 647, 650
fishery acoustics 549
fixed capacitors 433
fixed surveillance sonar buoy 563, 565
flash evaporation (FE) 311, 323, 324
flat membrane 452
flat monolithic asymmetric PA 463
flexible bioelectronics 418–419
flexible electronics 263–264, 419, 431,

650
flexible substrates or foldable OLEDs

(FOLEDs) 8
Floquet theorem 228
Floquet theory 230
flow cytometry 389
fluorescence microscopy 389
fluorescent organic and inorganic

conjugated polymers 427
fluorinated ethylene-propylene

copolymers 534
flux-gate magnetometers 161–162
flux-gate magnetometry 164
flux-gate sensors 161
forward osmosis (FO) 452, 468
forward osmosis membrane 456–457,

469
fossil-fuel plastics 503
fouling biological control 513–516
fouling-related microorganisms 511
fouling-release coatings 531, 533
Fox equation 292–293, 295
FP-1D-MPCs 135–136, 139–144
free radical-triggered polymerization

reaction 455
free-standing graphene 648

freshwater resources 31, 457, 670
frogman 549, 551, 570–571
fructooligosaccharides (FOS) 477
F4TCNQ 12, 13
fuel cells 10, 24–26, 89, 428–429, 479,

555, 650, 670–671
full-wave validation 228
full-width at half maximum (FWHM)

192, 346, 370, 665
fumed silica 523
functional membrane 453, 454, 456, 480
furan derivatives 536

g
gadolinium–gallium garnet (GGG)

128–131, 136, 140, 146, 147, 149,
151–154

gadolinium zirconate (GZ) 636
galactooligosaccharides (GOS) 477
galfenol 555
galvanized steel plate 592
garnet film sensor 186, 188
gas diffusion electrodes (GDEs) 32
gas phase gel method 456
gate dielectric layer 264
gate-dependent pseudo-spin mixing 649
Gaussian beam 240
Gaussian ring basis function 231
Gaussian wave 237, 238, 240
GDE electrolyzers 32
gel mixed fouling release type antifouling

paint 538–539
gel-polymer electrolyte 22
gelatin 448, 490, 491, 503
gene sequencing 35
generalized sheet transition conditions

(GSTCs) 63, 224, 230
geometric-phase metasurfaces 234–237
germanium-on-nothing (GON) 16, 17
giant magneto resistance (GMR) effect

59, 95–97, 662
fabrication 204–206
magnetron-sputtering system 99–100
MBE method 99
multi-layered thin films 97–99



690 Index

giant magneto resistance (GMR) effect
(contd.)

sensors applications 100–102
glass transition temperature (Tg) 16,

285–295, 525, 526, 528
in organic thin films 287–291
of nano-organic composites 292–295
organic-organic composites 291–292

Global Position System (GPS) 550, 570,
571

glucose 415, 495, 496, 504
α-glucuronic acids 497
glucuronoarabinoxylan (GAX) 497
glucuronoxylan (GX) 497
glutaraldehyde 496
GLY-containing potato starch plastic

sheets 503
glycerol 494–498, 539
glyphosate derivatives 528
GNR superlattices 654
GO membranes (GOMs) 29, 30, 37
gold nanoparticles 367, 397–399, 402
Gordon-Taylor equation 292
grain boundaries (GBs) 470, 471, 623,

624
graphene 18, 19, 29, 430, 480, 595

conceptual membrane materials 481
-doped mesoporous electron 20
one zero energy gap material 649

graphene foam (GF)/poly(3,4-ethylenedi-
oxythiophene):poly (styrene-
sulfonate) (PEDOT:PSS)
composites 598

graphene nanoribbons (GNRs) 6, 7, 651,
654

graphene nanosheets (GNS) 597
graphene oxide (GO) composites 24, 37
graphene/BN heterojunctions 652, 656
graphene/h-BN heterojunctions 652,

656
graphene/h-BN vdWHs 649
graphene/hexagonal boron nitride

(Gp/h-BN) 3, 439, 649, 652, 653,
656

graphite fibers 594

graphite oxide (GO) 24, 29, 30, 37, 456,
597, 599, 605

Green’s function 231, 232, 242
greenhouse gas emissions 31, 472, 504
greenhouses 669
gyrotropy parameter 149, 152, 153, 155

h
heat absorption 310, 435
helicopter anti-submarine system 572
Helmholtz coils 166, 172
Helmholtz resonators 580, 582
heterodyne frequency downconversion

method 210
heterojunction theory 73–74
4,40-(hexafluoroisopropylidene)

diphthalic anhydride (6FDA) 474
hexagonal boron nitride 3, 439, 649
hierarchical dipole approximation (HDA)

231
high efficiency THz-wave modulators

438–439
high permeability polyimides 473–474
high precision Fabry-Perot (FP) cavities

659, 660
high pressure compressor (HPC) 615
high pressure membrane filtration 457
high pressure turbine (HPT) 615, 618,

620
high quality solution-processable 2D

semiconductors 651
high resolution transmission electron

microscopy (HR-TEM) 23, 274,
279, 601

high spatiotemporal resolution
characterization methods
655–661

high time resolution laser 663–664
high-performance polymer-based reverse

osmosis membranes 469
high-performance RO 449
high-pressure membranes 457
high-Q lasers 666
high-Q single sources 659
high-Q thin films 653
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high-quality solution-processable 2D
semiconductor nanosheets 651

high-temperature materials 618
highly permeable substituted

polyacetylenes 475
highly uniform, solution-processable,

phase-pure semiconducting
nanosheets 5, 651

Hilbert dissipation 162
Hilbert space 75, 661
Hippocrates 417
H-matrix algorithm 232
2H-MoS2 nanosheets 651
H-NH4/N wastewater 461
hole transport material 286
hole-transpoting materials (HTMs) 15,

16
hollow fiber membrane 452
Holzer effect 59, 60, 95–114
homogalacturonan (HG) 494, 495
homogeneous membrane 452
honeycomb “supercells” 33, 60, 111,

113, 362, 436, 479, 522, 579, 580,
649

honeycomb-like 2D supramolecular
polymer 479

hot electron injection 61
human thermoregulation 418–421
hybrid organic-inorganic perovskite-based

cells 19
hydrogel microphones 38–40
hydrogen evolution reaction (HER) 26,

27, 32, 670
electrocatalysts 670

hydrogen fuel cell 10, 25, 670, 671
hydrogen purification 449
hydrolytic resin base 530
hydrophilic and hydrophobic effects

451
hydroxypropylated xylan (HPX) coatings

497, 498
hyperbolic metamaterial (HMM) 242,

243
hyperbranched polymers (HBPs) 33

i
ideal reverse osmosis membrane 462
III-V semiconductor solar cells 16
immersion gel method 456
immobilized photocatalytic multiphase

reactor 429
impedance spectroscopy (IS) 86
impregnation 454
imprinted (MIP) materials 430
indium tin oxide (ITO) 12, 18, 393, 431
indole derivatives 536
infrared lasers 663
infrared spectroscopy 395
inorganic antifouling agents 518
inorganic membrane 452
inorganic semi-permeable membrane

448
inorganic thermoelectric thin films

311–313
insoluble synthetic resin 521
integral equation FFT (IE-FFT) 232
integrated active/passive multi-band

sonar system 569
integrated AN/BYG-1(V) submarine sonar

system 569
interfacially polymerized PA film 463
intermediate pressure compressor (IPC)

615
intermediate pressure turbine (IPT) 615
intrinsic conductive coating 592
inverse Faraday effect 125
ion exchange membrane 454
Irgarol 1051 523
iron-aluminum alloy 591
iron bacteria 511
iron-cobalt (FeCo) alloy and 591
iron garnets 125, 126
iron-nickel alloy 162, 591
irreversible Joule heating 309
isothiazolinone 523, 528
isothiazolinone derivatives 528
isothiazolinone grafted zinc acrylate

self-polishing antifouling coating
528
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j
Jones matrix 62, 223–224
Jones vector 62, 223–224

k
kanamycin sulfate 479
Kelvin relationship 310
keratin 490
Kerr coefficient modulus 384
ketones 523
kinetic energy 79, 85, 357, 432, 604
Kittel formulas 184
Knudsen cell 99, 287
Kretschmann configuration 66, 67, 387

l
label-free reflectometric interference

microchip 389–393
LADA class giant conformal array sonar

558
Laguerre-Gaussian (LG) beams 233
Landau factor 83
Langmuir-Blodgett method 454
lanthanum zirconate (LZ) TBCs 629
large spherical array sonar 558
laser cladding plus plasma spraying 625
lattice and processing technology 650
layer-by-layer (LBL) deposition method

428
layered bimetallic hydroxide (LDH) 26
layered 2D materials 22, 649, 650
layered PtBi2 653, 654
layer materials 602
layer-multiple-scattering method 575
La2Zr2O7 (LZ) 636
lead telluride 434
left circularly polarized (LCP) 236
left-handed materials 606
left/right-handed circular polarization

(L/RHCP) 233
Li batteries 22, 23
light emitting devices 261–263
lignin 498
limit flux 450
limits of detection (LOD) 386

linear regression analysis 293
linear regression fit 290
β-1-4-linked polymer 433, 496
β-1,4-linked xylose 497
linoleic acid 503
liquid crystal membrane 454
liquid membrane 454
liquid phase epitaxy (LPE) method 179
Lithographie, Galvanoformung,

Abformung (LIGA) 200, 201, 653
L-lactide 530
local density of state (LDOS) 241
localized surface plasmon resonance

(LSPR) 346, 350, 351, 382
longitudinal magneto-optical Kerr effect

(L-MOKE) 70, 71, 385
longitudinal magneto-optical Kerr

rotation 383, 385
longitudinal magnetophotonic intensity

effect (LMPIE) 168, 169
“loose” or “low pressure RO membrane

461, 462
Lorentz force 69, 80
Los Angeles class attack nuclear

submarine 557
low density polyethylene (LDPE) 502
low dimensional polymer-nanocomposite

materials 434
low-frequency underwater sound

absorption phenomenon 575
low molecular substances 476
low pressure chemical vapor deposition

(LPCVD) 202
low-pressure membrane filtration 457
low-pressure plasma spraying (LPPS)

625
low pressure turbine (LPT) 615
low-resistance conductive material 589
L-pelicic acid (C30) 520
luminous solar concentrator (LSC) 18

m
macro basis functions (MBF) 231
macro-foulers 513
magic angle graphene 650
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magnet-acoustic materials 554
magnetic circular dichroism (MCD) 133,

134
magnetic current 224
magnetic nanomaterials 38
magnetic nanoparticle detection 101
magnetic nonopole 662
magnetic permeability 590
magnetic pressure sensing 102
magnetic semiconductors (MSs) 271
magnetic semiconductor thin films

269–270
amorphous 271–275
diluted 270–271
phase change amorphous 275–277
spintronic devices 277–279

magnetic sensor 100, 101, 110, 113, 162,
164, 169, 179, 269

magnetic thin films 59–60
magnetoacoustic and acousto-optic

transducer/detector 551
magnetoacoustic coupling 79–81
magnetocardiography (MCG) signals

163
magnetocrystalline anisotropy 164, 277
magnetoelastic effect coupled 79
magneto-electric coupling 59, 60, 357
magnetoelectric (ME) materials 667
magneto-optical (MO) 126

effects 68, 71, 126, 134, 356, 663
magnetometry 168
response 145–155

magneto-optical Kerr effect (MOKE) 8,
69, 70

nanostructural thin films with
381–385

surface plasmon polaritons 386–388
magneto-optic eddy current (MOEC) 178

defective welds 190
experiment 179–180
introscope 180
non-defective welds 188, 190
physical properties of 181

magneto-optic surface Plasmon resonance
(MOSPR) 386

magnetophotonic crystals (MPC) 126
magnetophotonic plasmonic

heterostructure 175
magnetoplasmon and quantum entangle

663
magneto-plasmonic microinterferometry

393
magneto-plasmonics 382
magnetoplasmonic sensor 176
magnetoplasmonic thin films 66
magnetoresistance (MR) 59, 96, 276
magnetoresistive random access memory

(MRAM) 102
magneto-sputtering process 359
magnetostrictive alloys 554
magnetothermal effect 83, 84
magnetron effect 260
magnetron sputtering (MS) 98, 259

method 103, 412
process 432
system 98, 99, 104, 107

Majorana fermions 76, 662
manganese-based perovskite oxides 60,

95, 103, 113
marine biofilm 511
marine bio-fouling 512
marine bio-fouling film 511
marine microbial corrosion 516
Maxwell’s equations 72, 139, 204, 221,

229
Maxwell theory 62–65
MCrAlY-NiAl/NiAl+Al2O3/Al2O3-

YSZ/YSZ 623
mechanical sensor 269
membrane fouling 480
membrane pore screening effect 451
membrane resistance 450
membrane separation technique (MST)

31
challenges 447
high-performance RO 449
polymer-based synthetic membranes

449
pressure driven membrane processes

448
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membrane separation technique (MST)
(contd.)

principle of 449
schematic representation 447
thermosensitive substances 449
ultrafiltration 448
uses 447

mercaptoundecanoic acid (MUA) 390
mercerization 505
mercerized pulp 505
metaloendash nitrogenoendash carbon

(MNC) compounds 26
metal fillers 593
metallic good conductor material 591
metallic powder absorbing materials

603
metal membrane 452
metal nanoparticles (MNPs) 39
metal organic chemical vapor deposition

(MOCVD) 258, 260, 311,
321–323, 650

metal-organic frameworks 315
metal-oxide-semiconductor field-effect

transistor (MOSFET) 4
metal-plated carbon fibers 594
metal spraying 589
metamaterial electromagnetic cloak 606
Metamaterial-Enhanced Magnetic

Induction (M2I) method 550
metamaterials 62, 65, 221, 551, 606

enhance spontaneous emission
242–243

metasurfaces 222
based perfect absorber 578
based sound absorber 578
enhance spontaneous emission

243–244
method of moments (MoM) 229
(methyl) acrylic acid triorganosilane ester

monomer 527
(methyl) acrylic acid triorganosilane

monomers 527
methylammonium lead iodide (MAPbI3)

15
microbial corrosion and protection

overview of fouling biological control
513–516

primary mucosa-forming organisms
and their attachment 512–513

microbiological fouling organism 511
microbiologically influenced corrosion

(MIC) 511, 513
microcrystalline glass thin films 655
micro-electromechanical systems

(MEMS) 199
microelectronic mechanics (MEMs) 7,

411, 415
microfiltration (MF) membranes 452
microfouling organisms 511, 512, 515
micro lattice metamaterial 579
micromechanical cleavage 648
microporous filter membrane 454
microstructures, fabrication of 200–203
microsystem packaging technology 207
microsystems technology 207, 209
micro system technology 205, 206
MIEC ceramic membranes 470
miscible solvent mixing and precipitation

(MSMP) method 594
mixed ionic electronic conducting (MIEC)

membranes 470
modified positively charged FeCo

nanotubes 439
molar extinction coefficient 426
molecular beam chemical vapor

deposition (MBCVD) 650
molecular beam epitaxy (MBE) 97–99,

103, 104, 108, 321, 322
molecularly imprinted polymers (MIPs)

429, 430
monolithic integrated circuit (MMIC)

207
moored sonobuoy 565
Moore’s law 7, 199, 207, 280
MoS2 nanoplates 651
MoS2-WSe2 van der Waals

heterostructures 668
m-phenylenediamine (MPD) 458
MTK 300 ruby cylindrical sonar arrays

556
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mucosal microorganisms 516
multiband absorbing materials 607
multi-based exploration systems (MBESs)

570
multi-beam echo sounders 555
multi-beam reflect array 227
multichannel optical interferometer 660
multi-dimension space concept 648
multi-effect distillation (MED) 461
multi-hierarchy arrayed micro windows

(MHMW) 345
assisted NSL 346–351
nanosphere lithography 348
for single nanostructure and/or array

identification 344–346
multilayer coating 502
multilayered W/Al2O3 film 635
multi-physical field coupling theory

88–90
multi-physics coupling calculation 650
multi-physics coupling simulation 648
multiple chip package 207
multiplexed allergen detection assay 100
multi-stage flash (MSF) 461
multivalent/monovalent salt ions 457
multi-walled carbon nanotubes

(MWCNT) 594, 596
municipal sewage 463
municipal wastewater treatment program

467
MXene 598, 599
mycotoxin 429

n
nanoarrays 344
nanocellulose 493
nanoclay 493
nanoconfined ferromagnetic material

385
nanocopper 480
nanoelectronic mechanics (NEMs) 7,

210, 211
nanofilms 213
nanofiltration (NF) 461

membranes 452

nanomaterial synthesis and assembly
467

nanooptics 344
nanoparticle patterning 33
nanoparticles 345
nanopores fabrication 359
nanoporous Ag/CoFeB/Ag films 356,

359
nanoporous carbon composite 30
nano-porous gold thin films

aqueous gold nanoparticles, composite
of 367

substrate transfer and characterization
of 364–367

nanoporous silicon nitride (NPN) 35
nano-powders 627
nanopure water 341
nanorods (NRs) 371, 372
nanoscale plasmonic optics 344
nanoscale preconfinement 35
nanoscale ultrathin films 428
nanosilver 480
nanosphere lithography (NSL) 340

Ag NPs fabricated 352–354
aqueous phase Ag nanoparticles

351–356
NPs 352
size and shape controlled fabrication of

nanomateials 340–344
ultrathin nanopore arrays 356–357
uniform nanoporous films 357–359

nanosphere mono layer 340
nanosphere templates 340, 342
nanostructure thin films 381

with enhanced magneto-optic Kerr
effect 381–385

for SERS 394–396
nano-titanium dioxide (TiO2) 456
nanowire/polymer nanocomposites 594
nanowires (NWs) 371, 372
nano-zinc oxide 456
natural polysaccharides 476
natural rosin 521
natural rubber (NR) 596
NbNi-based/Co-based super-alloys 615
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negatively charged acidic amino acids
478

negative refractive stealth 606
negative Thomson effect 310
neutral and acidic amino acids 478
neutral arabinoxylan (AX) 497
NF-CA-50 nanofiltration membrane 477
nickel-base superalloys 618
nickeloendash aluminium (Nioendash Al)

metal film 418
NiCoCrAlY/PtAl-based metallic bond

coating 617
nitroaromatic explosives 426, 427
nitroaromatic explosives testing 426
nitrobenzene (NB) 427
nitrogen-doped rGO/MWCNT composite

foams 605
nonacoustic module 561
non-anti-EpCAM binding cells 390
non-covalent interfacial heterojunctions

649
non-defective welds 188, 190
nondirectional sonar buoy 563
non-fossil fuels 472
non-graphene Weyl semimetals 667
non-imprinted (NIP) materials 430
non-magnetic semiconductor thin films

261
light emitting devices 261–263
phase change semiconductor thin films

265–268
thin film transistors (TFTs) 263–265

non-polarized capacitors 433
non-porous membranes 451
non-tin organic antifouling agents 518
NPs fabrication 341
NTEGRA scanning probe microscope

183
n-type polymers 314
nylon 449

o
octamethyl trisubstituted silane 455
ohmic injection 61
oligosaccharides 476

one-dimensional GNR superlattice 654
one-dimensional inorganic nanofibers

433
one-dimensional magneto-photonic

crystals (1D-MPC) 126
“one-point contact, multi-point response”

426
O2/N2 separation 449
O2/N2 silicone polymers 455
on-surface synthesis technology 651
optically pumped magnetometers (OPMs)

161
optical polarization vector 664
optical polymer based films 435
opto-acoustic effect 663
opto-acoustic materials 555
orbital angular momentum (OAM)

detection 238–240
generation 222–234
multiplexing mode 227

organic antifouling agents 518
organic-based thin film TE materials

313
organic bentonite 523
organic DNA sensors 319
organic fluorine release-type antifouling

paint 532
organic fluorine silicon series fouling

release type antifouling paint 534
organic fluoropolymers 532
organic fluororesins 531
organic-inorganic composite

nanofiltration membrane 478
organic inverter circuit 316–318
organic light emitting diodes (OLED) 8,

285, 318, 319
organic membrane 452
organic monomer 455
organic-organic composites 291, 292
organic radio frequency identification

(RFID) tags 319, 320
organic solar cells (OSCs) 669
organic sol-gel inversion method 413
organic thin film transistor (OTFT) 317
organic tin antifouling coatings 522
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organic tin self-polishing coatings 527
organofluorine fouling release type

antifouling coatings 534
organosilicon fouling release type

antifouling coating 532
organotin antifouling agents 518
original single-layer graphene 430
osmosis 452
oxygen evolution reaction (OER) 26, 28,

670
oxygen reduction reaction (ORR) 25, 26
oxygen separation 470

p
partially stabilized zirconia (PSZ) 624
passive sonar process 554
patulin (PAT) 429
PDMS substrate 399–401
pectin 494
Peltier coefficient 300, 308
Peltier effect 10, 84, 302, 307, 308
penicillin fermentation 478
penicillium expanse 429
pentafluorophenylethyl ammonium

(FEA) 15
perfect electric conductor (PEC) layer

236
perfect magnetic conductor (PMC) layer

236
perfluoropolyether 532
periodic boundary condition (PBC) 228
permalloy 591
permeability coefficient 450
permeability-selectivity trade-off 453
permeability theory 87, 88
perovskite 77

single-junction solar cells 14
solar cells 11, 12, 15, 16

perovskite nanoflakes (PNPL) 17
perylene diimide (PDI) 314
petrobased polymers 503
phase change amorphous magnetic

semiconductors 275–277
phase change semiconductor thin films

265–268

phase-inversion film-forming methods
456

phase inversion method 456
phase shift 234
[6,6]-phenyl C61 butyric acid methyl ester

(PCBM) 431, 432
phonon-mediated colossal

magnetoresistance 106
phonon thermal theory 83, 84
photoacoustic coupling 81
photocatalyst immobilized polymer film

428
photocrosslinking step 33
photodetector noise 174
photodetector signal 172
photolithography 200, 201
photoluminescence quantum yield

(PLQY) 18
photonic band gap (PBG) 241
photonic crystals 237, 239
photovoltaic (PV) technology 11
phthalocyanine dye waste water 428
physical vapor deposition (PVD) 258,

285, 287, 454
picosecond lasers 664
picosecond THz pulse 657
piezoceramics 554
piezoelectric (PZT)

based sonar systems 39
effect 208
polymer-based, skin-like tactile sensor

416
piezoresistance coefficient 208
piperazine (PRP) 458
planar polymer films 389
Planck’s constant 111, 170, 233, 241
plane heterojunctions (PHJ) 15
plasma chemical gas-sinking fit (PCVD)

454
plasma enhanced chemical vapor

deposition (PECVD) 203
plasma-enhanced chemical vapor

deposition (PECVD) 258
plasma induced polymerization 455
plasma polymer films 454–456
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plasma polymerization reaction 455
plasma-sprayed thermal barrier coatings

(PSoendash TBC) 624
plasma spray oendash physical vapor

deposition (PS-PVD) 626
plasma state polymerization 455
plasma-state polymerization reaction

455
plasmic gratings 170
plasmon active stealth 607
plasmonic polymers 455
plasticizers 495
plastic liquid crystal display 436–438
platinum–ionomer interface 25
PMMA substrate 398–399, 402, 403
PNIPAm modified graphene (PG) 31,

503
polar ferroelectic (PFE) 15
polarizability model 62, 64, 224–225
polarization density 63, 64, 224, 225
polarization electric current 62, 224
polarized capacitors 433
polar magneto-optical Kerr effect

(P-MOKE) 69, 70
poly(3,4-ethylenedioxythiophene)

(PEDOT) 313, 432
poly(3-hexylthiophene) (P3HT) 314,

431, 432
poly(diphenylacetylenes) 475
poly(ethersulfone) (PES) 593
poly(vinyl alcohol) (PVA) 423
polyacetylene 313, 592
polyacetylenes 475
polyamide (PA) 458, 464

hydrazide membranes 463
wax 523

polyamide thin film composite (PA TFC)
membranes 463

polyaniline (PANi) 313, 428, 592
polyanions 459
polybenzothiazole (PBT) 474
polybenzoxazole (PBO) 474
polycaprolactone 427, 530
polycarbonate filter membrane 480
polycations 459

polydimethylsiloxane (PDMS) 397, 416
polyether alum 452
polyethylene 427
polyethylene glycol (PEG) 538
polyethylene terephthalate (PET) 431,

502
polyglycolide 530
poly 3-hexylthiophene (P3HT/PCBM)

polymer solar cells 432
polyhydroxy butirate (PHB) 416
polylactic acid 504
polylactide 530
polymer-based composites 432,

592–593, 596, 599, 604
polymer-based organic solar cells 431
polymer-based pyroelectric infrared

sensor 418
polymer-based strain sensor 421
polymer-based synthetic membranes

449
polymer chain rigidity 473
polymer films 454, 457
polymer functional membrane 453, 454
polymer materials 452
polymer membrane-based seawater

desalination RO 461
polymer/mineral oil 422
polymer osmosis membrane technology

477
polymer permeable membranes 477
polymer poly(carbonate) (PC) 436
polymer separation membrane 453
polymer thin films 411
poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-

phenylene vinylene] (MEH-PPV)
438

poly-(methyl-hydro siloxane) 463
polymeric materials 314, 436, 470, 472,

473
polymer-inorganic nanocomposites 434
polymerization induced phase separation

(PIPS) method 438
polymers of intrinsic microporosity

(PIM-1) 472, 473, 475
polymesoy chloride 458
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polymethyl methacrylate (PMMA) 110,
288, 340, 363, 397, 427, 463

polymethylphenyl silicone oil 532
polyols 502, 503, 534, 539
polyphenylene sulfide 592
polypropylene (PP)/mineral oil film 422,

463, 651
polypyrrole 313, 314, 592
polysaccharide-based films 502–503
polysaccharides 32, 411, 476, 490–492,

494, 495, 497, 502
polystyrene 313, 340, 341, 342, 427–429,

504, 594
polystyrene sulfonate (PEDOT: PSS) 313
polysulfone (PSF) 458

ultrafiltration membrane 454
polythiophene 313, 314, 432, 592
polyurethane anti-mildew coatings 517
polyurethanes 34, 419, 499, 517, 530,

532
polyvinylidene fluoride (PVDF) 416,

452, 554
polyvinylpyrrolidone (PVP) 203, 367
POMA/V2O5 hybrid thin films 428
pore size screening effect 451
porous base film 456
positively charged basic amino acids 478
post-annealing crystallization 128,

129–130
potential energy 79
power conversion efficiency (PCE) 15,

16, 18, 302, 311, 445
p-phenylenediamine (PPD) 458
precise nano-transistors 653
pre-deposited α-Al2O3 thin film 624
pressure-driven membranes 448, 450,

457
pressure-enhanced osmosis (PEO) 452
pressure-retarded osmosis (PRO) 452
primary mucosa-forming organisms and

their attachment 512–513
printed circuit board (PCB) technique

222, 516, 517
probing magnetometry 164
programmable microcontroller 180

prostate specific antigen (PSA) detection
404

protective coatings 514, 517
protein-based electronic skin (PBES) 34,

419
protein based polymers 490, 503
protein concentration and buffer

exchange 449
protein-, pig skin gelatin-, lipid-based

films 503
proton exchange membrane (PEM) 10,

25
ptychography 656
pulse deposition system 413
pulsed laser deposition (PLD) 324, 326,

413
pure iron 591
P(VDF-TrFE) powder 416
P(VDF-TrFE) thin film 417
PVP-Cu2O microcapsules 535
pyridine salts 536
pyrochlore-type zirconates (M2Zr2O7)

635
pyroelectric material (PVDF film) 418

q
quantum anomalous Holzer effect

(QAHE) 59, 60, 95–114, 111,
112

quantum cryptography 659
quantum 2D graphene chains 653
quantum entanglement theory 648, 650
quantum films 199–214
quantum hall effects 648
quantum hegemony 655, 660
quantum mechanical magnetoresistance

effect 59, 96
quantum no-cloning theorem 659
quantum optics 245, 658
quantum-well (QW) 15
quasi-perfect absorption property 578
quasi-periodic EM surfaces 227–233

design 228–229
full-wave simulation 230
simulation algorithms 229–230
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quaternary ammonium molecules 5, 651
quaternary ammonium salt 480, 548

r
radar absorbing material 38, 601–604
radar-frequency bands 588
radar stealth coatings 38

absorbing material 601–604
carbonaceous-based RAM 604–606
radioisotope RAM 604

radiation sensor 269
radio frequency identification (RFID) tag

319
radioisotope RAM 604
radioisotope thermoelectric power

generator 10
Raman effect 394
Raman-Nath diffraction 82
Raman scattering 68, 361–363, 394, 395,

396, 401
rapid insertion of commercial acoustics

(ARCI) program 569
rare-earth doped YSZ 636
rare earth zirconates (RE2Zr2O7) 636
Rayleigh scattering 395
reaction monomer electrospray 480
reactive ion-beam sputtering (RIBS) 127
received signal strength (RSS) 572
received signal strength indicator (RSSI)

572
receiver arrays 555
reconnaissance (BTA) sonar 555, 563
red mercury oxide-based coatings 520
reduced graphene oxide (rGO) 17, 597,

607
reference sensors 571
reflect-array antennas 228
reflectometric interference spectroscopy

(RIfs) 389–391
refractive index 67, 69, 70, 81, 82, 139,

153, 154, 175, 176, 241, 244, 286,
386, 387, 389, 437, 634

reinforced polyvinylidene difluoride
(PVDF) nanocomposites 594

related layered thin films 648

renewable energy 22, 299, 472, 669
residual xylan acetate 505
resin acid 520, 521
reverse osmosis (RO) 28, 37, 430, 447,

448, 452, 461, 464–466
desalination process 462
membrane desalination 469

reversible electrolyzer-fuel cell scheme
670

rhamnogalacturonan-I (RG-I) 494
rhamnogalacturonan-II (RG-II) 494
right circularly polarized (RCP) 236
rigorous coupled-waves analysis (RCWA)

147, 154
roll membrane 452
rosin 520, 521–523
rubber shellac 520

s
Salisbury screen materials 602
satellite based quantum-secure time

transfer 661
saturation magnetization 126, 127, 146,

165, 166, 169, 275, 361, 603
scanning electronic microscope (SEM)

24, 459, 601
scatterer simulation 228–230
Schelkunoff’s electromagnetic shielding

transmission line theory 590
Schrodinger equation 81, 213
seawater desalination 361, 430–431, 454,

458, 461, 463, 467, 469
seawater reverse osmosis (SWRO) 464,

466
secondary-ion-mass-spectroscopy (SIMS)

152
Seebeck coefficient 11, 84, 86, 299, 300,

301, 302, 304, 305, 306, 308,
312–314, 316, 321, 322

Seebeck effect 10, 84, 85, 300, 301–306,
307, 310, 316, 326, 327

Seebeck experiment 301
selected area electron diffraction (SAED)

274
selective diffusion process 448
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selective permeable membranes
chemical modification method

456–457
gas separation 469–470
low molecular substances 476–479
phase inversion method 456
plasma polymer film 454–456
polymer functional membrane 454
polymer separation membrane

453–454
purification of water 457–469
types and characteristics of 452–453

selective xenon difluoride 35
self-absorbing 28μm PVDF pyroelectric

sensor 418
self-assembled membranes 419
self-assembled monolayers (SAMs) 340,

390, 391, 427
self-noise detecting sonar (ONA+ACC)

555, 563
self-polishing antifouling coatings

523–531, 528
self-polishing resin 523, 524–526,

528
semiconductive nanowires thin films

AAO template-assisted fabrication of
371–376

semiconductor thin films
magnetron sputtering 259–260
metal-organic chemical vapor

deposition (MOCVD) 260–261
molecular beam epitaxy (MBE) 259
non-magnetic semiconductor thin films

261–269
sensors 268–269

semi-metals 74–77, 648
semi-permeable membrane 453, 454
semipermeable synthetic membrane 448
semitransparent OSCs 669
sensors, semiconductor thin films

268–269
separation membrane 37, 454, 456, 472
SERS 394, 395, 404

aqueous gold nanoparticles 399–401
in cancer cell detection 402–404

composite aqueous gold nanoparticles
in 398–399

development nanostructure thin films
for 396–397

SERS-based immunoassays (SIA) 404
SF composite membranes (SFCMs) 419
shielding composites 589, 593
shielding effectiveness (SE) 589
shipboard passive direction finding (FA)

sonar 555
shipboard passive ranging (PRA) sonar

555
Shockley-Queisser limit 14, 19
Shubnikov-de Haas and de Haas-van

Alphen oscillations 654
signal-to-noise ratio (SNR) 147, 386
silane-based components 434
silicone-acrylate resins 532
silicone anti-mold coating 517
silicone-epoxy resin 532
silicone oil 532
silicone-polyether resin 532
silicone-polyurethane resins 532
silicone resins 517, 526, 527, 531, 532,

538, 539
silicon isotropic dry etchants 209
silicon steel 591
silk 34, 419, 490
silk fibroin composite membranes

(SFCMs) 34
silk fibroins (SF) 34, 419
silk protein 34
simple solution-casting membrane

method 480
Si nanomembrane diode sensors 414
single atom catalysts (SACs) 25
single-beam echo sounders 555
single-crystal diamond (SCD) 210
single crystal thin films 650
single-molecule detection 35, 397
single NPs 344, 377
single photon detector 655, 659,

660
single photon phase coded key system

659
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single-walled carbon nanotubes
(SWCNTs) 596

slime-producing bacteria 511
small-celled commercially available TI

structures 436
smart display 436–438
smart mines 551, 571
smart polymer films 411
smart polymer thin films and coatings

for AI
ammonia sensors 428
bio-integarted wearable sensors

422–425
biosensor film substrate 421–422
capacitors 432–434
degradation of complex phthalocyanine

dye waste water 428–429
explosives detection 426–428
human thermoregulation 418–421
patulin 429–430
preparation methods 412–413
seawater desalination 430–431
smart device integration 413–415
solar energy 431–432
tactile sensor 415–417
thermal sensor 417–418
thermoelectric devices 434–435
ultraviolet radiation monitoring

425–426
sodium alginate (SA) 501, 599
soft magnetic alloy materials 591
softwood lignin 498
solar energy 9, 11, 12, 14, 405, 431, 435,

436, 670
sol-gel method 412, 413, 500, 501
sol-gel phase inversion coatings 500
solid electrolyte interfaces (SEIs) 21
soluble aromatic polyimides 474
solution precursor plasma spraying

(SPPS) 617, 625, 627–629
solution-processable synthesis 663
solvent casting 448, 454, 594
sonar buoy 563, 565, 571
sonar detection 39

sonar systems
advanced hostile 565–573
anechoic coating 573–574
Doppler effect 552–573
echolocation 552–573
types and construction of 553–555
typical 555–565

sono-radio-buoy 551, 571
sorbitol 495, 496, 498, 502, 503
sound navigation and ranging 38, 550
soy protein isolate (SPI) 498
spatial-localization method 344, 572
specific Faraday rotation (SFR) 73, 145,

153, 154, 181
spectrally selective film 435
spherical sonar arrays 556, 557
spin angular momentum (SAM) 233
spin-coating 340, 416, 427
spin detection technology 61
spin polarization 60, 61, 75, 106, 107
spintronic device magnetic

semiconductors 277, 279
spintronic devices 61, 112, 113, 257, 270,

271, 279
spintronics 3, 6, 60, 61, 76, 95, 112, 113,

270, 271, 278, 279, 662
spintronic theory 60–62
spontaneous emission rate (SER)

calculation 242
inhomogeneous electromagnetic

environment 241–242
metamaterials 242–243
metasurfaces 243–244

SPP dispersion 147, 148
sputtering technique 320, 321, 356
starch 490, 495–496, 502, 503, 504
stealth coatings

multiband absorbing materials 607
negative refractive stealth 606–607
plasmon active stealth 607–608
radar 600–606

steel plate 592
steered cathodic arc plasma evaporation

(steered CAPE) 432
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Stephen-Boltzmann’s constant 634
sterane derivatives 536
steric hindrance effect 451
sterile filtration 449
strain tolerant oxide 633
stretchable, elastic conductive material

416
stretchable SF/CaCl2 electrodes 419
string theory 648
strong electron acceptability 426
structurally highly oriented

supramolecular assembly
composite membrane 480

substituted galacturonans (GS) 494
substituted polyacetylenes 472, 475
sub-wavelength and quasi-perfect

underwater sound absorber 577
sulfate-reducing bacteria 511
sulfonated-polysulfone/PSf alloy

ultrafiltration membranes 458
sulfonated-PSf/PSf alloy 458
sulfur copper zinc 523
sum frequency generation (SFG) 657,

664
superalloy substrates 38, 86, 618–619,

628
supercapacitors 23, 24, 30, 428, 432
surface-assisted cyclodehydrogenation

6
surface coating film shielding material

591
surface conductive type EMI shielding

materials 589
surface enhanced Raman scattering

(SERS) 362–363
surface metal foil coating 589
surface metallization 589
surface micromachining 209, 269
surface microstructure bionic antifouling

paint 539–540
surface plasmon polaritons (SPP) 146,

174, 175, 386, 388
surface plasmon resonance (SPR) 8, 9,

66–73, 344, 346–351, 363

surface water eutrophication 449
surface water supplies 463
susceptibility model 64, 65, 225–226
suspension plasma spraying (SPS) 617,

629–633
symmetric para-linked isomers 474
synthetic aperture sonar 555, 569
synthetic basis function (SBF) method

231

t
tactile sensor 415–417
tall oil fatty acid (TOFA) 498
Tamm 1D-MPC with Bi, IG bi-layer

136–138
TB-16 coarse linear array sonar 562
TB-16 towed array sonar 561
TCPM 523
tear and stack technique 5
TE materials 10, 11, 311–315
temperature ellipsometry 287, 288
template transfer nanoimprinting method

663
terahertz (THz) technology 438
ternary organic solar cells (OSCs) 16
tetracyanoquinodimethane (TCNQ) 315
tetraheptylammonium bromide 5, 651
Themis aberration-corrected 152
thermal annealing 108, 262, 342, 343,

353
thermal barrier coatings (TBCs) 38, 86,

615–617
aerospace application 617
applications 620–621
electron-beam physical vapor

deposition 621–624
gas turbine/aero-engine parts 615
gas turbine components 616
plasma-sprayed 624–627
solution precursor plasma spraying

process 627–629
superalloy substrates 618–619
suspension plasma spraying 629–633
system compositions 619–620
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thermal barrier insulation theory 86
thermal conductivity 11, 299, 301, 304,

311, 312, 314, 326, 591, 634
thermal evaporation 137, 203, 260, 324,

325
thermal expansion reduced graphene 24
thermal gel method 456
thermally rearranged (TR) polymers

472–474
thermal management for electronic

equipment 439
thermal sensor 269, 417–418
thermal stability 34, 35, 108, 268, 286,

295, 419, 473
thermoacoustic effect 80
thermocouple 287, 306, 307, 308
thermoelectric devices 11, 300, 304, 305,

316, 320–326, 434
thermoelectric effect 84–86, 300,

303–305, 307, 309
thermoelectric generators 10, 299, 301,

316
thermoelectric heating and cooling

devices 439
thermoelectricity 11, 300–301
thermoelectric materials (TE) 299

cooling 316
limitations 320
organic DNA sensors 319–320
organic inverter circuit 316–318
organic light emitting diode (OLED)

318–319
organic radio frequency identification

(RFID) tags 319, 320
power generation 316

thermoelectric (TE) process 10
thermoplastic starch (TPS) 503
thermopower 305, 311
thermosensitive substances 449
thin film composite nanofiltration

(NF-TFC) membranes 458
thin film composite polyamide based

reverse osmosis membranes 458
thin-film materials 286, 412

thin-film nanocomposite mixed matrix
films 469

thin film nanomaterials 21
thin films

biomedical engineeringand life science
32–37

and coatings
findings of 647–650
high precise fabrication technique

650–655
high spatiotemporal resolution

characterization methods
655–661

microstructure vs. property 661–668
modern technology innovation and

the society progress 668–671
ecological environment of Earth

28–32
fabrication methods 3
of information technology 2–7
national defense and homeland

security 38–41
for sustainable energy application

9–28
for ultrasensitive sensing devices 7–9

thin film transistors (TFTs) 5, 257,
263–265

thin-layer composite films 456
thin polyimide film 416
thiol compounds 351–354, 355
third thermoelectric effect 309
thixotropic agents 523
Thomson coefficient 309, 310
Thomson effect 84, 85, 309–311
Thomson heat 309, 310
three dimensional graphene 662
THz pulse 657
time difference of arrival (TDOA) 572
time of arrival (TOA) 572
time-reversal symmetry (TRS) 60, 75,

111, 113
TMOKE effect 387
topological insulators (TIs) 3, 5, 60,

74–77, 111, 112, 648, 654, 666
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torpedoes 551, 571
total energy of sound 79
towed array sonar systems 561
towed line array (TA) sonar 555, 561,

562
towed slender line array sonar 561, 562
transimpedance amplifier 170, 171
transition-metal dichalcogenides (TMDs)

211, 652
transmembrane pressure difference 450,

451
transmission electron microscopy (TEM)

23, 146, 212, 274, 352, 597, 655
transmitter arrays 555
transparent conductive oxide (TCO) films

431
transparent heat-insulating film 435
transparent insulation (TI) structures

436
transparent plastics 436
transverse Kerr effects 168, 169, 176,

177
transverse magneto-optical Kerr effect

(T-MOKE) 71, 175, 382, 387
tributyltin (TBT) 524
trigonal layered PtBi2 653, 654
trimesoyl chloride (TMC) 458, 464
trinitrotoluene (TNT) 427
triply degenerate point (TP) fermions

653
trivinylcyclopentadienyl manganese

dye-doped ethylene/styrene
copolymer 427

tubular membrane 452
tungsten-carbide-type materials 653
tunneling magnetoresistance (TMR) 59,

95, 106, 107
applications 110–111
multi-layered thin films fabrication

107–110
tunnel junction injection 61
turpentine 520
two-dimensional layered materials

(2DLMs) 649

two-dimensional van der Waals magnets
667

two-layer graphene 650
T-W wastewater 461
type I single collagen molecule 491
Type 214 Submarine 555, 556, 558
type 885 Yassen class attack nuclear

submarine 557

u
ultra-broadband metamaterial-based

acoustic absorption material 580
ultra-dense nanoparticle arrayed thin

films
AAO template-assisted fabrication of

367–371
ultrafiltration (UF) 447, 448, 454

membranes 452
ultra-high vacuum (UHV) 259
ultra-permeable membranes (UPMs)

464
ultrapure biological treatment 449
ultrasensitive ferroelectric switcher 663
ultrasensitive magnetic/optical detector

394, 663
ultrasensitive magnetometry 161–174
ultrasensitive sonar system 551
ultra-small transistors 6
ultra-stable glass 289
ultra-thin acoustic metamaterial panel

580
ultrathin BiIG films 126, 127
ultrathin films, magneto-optical (MO)

response in 145–155
ultrathin nanopore arrays 356–357
ultrathin polymer films 455
ultraviolet lasers 663
ultraviolet lithography (UV-LIGA) 345
ultraviolet radiation (UVR) monitoring

425
uncertainty principle 659
underwater hydro-acoustic transducers

554
underwater sound reflections 574
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uniaxial anisotropy constant 126, 183
uniform Ag NPs formation 356
uniform nanoporous films, with

controlled layers 357–359
unmanned aerial vehicle 571
U type large aperture array 558
UV antifouling technology 540
UV-curable acrylic resin 436

v
vacuum evaporation coating method

412
vacuum gold plating 589
vacuum plasma spraying (VPS) 625,

626
vacuum thermal spray processes 626
valerolactone 530
vanadium dioxide 413, 438
van der Waals force 3, 4, 650, 656
van der Waals heterostructures (vdWHs)

649
Van der Ziel criterion 164
vapor compression distillation (VCD)

461
vdWHs heterojunctions 656
vector sonar technology 569
Vegard’s law 127
vibration isolation module (VIM) 561,

562
vinyl chloride-vinyl acetate copolymers

521
Virginia attack nuclear submarine 557,

568
Virginia class attacking nuclear

submarine 558, 561, 562
Virginia class submarine 558–560, 563
viscoelastic polymer slab 575
viscose 505
viscosity of the penetrating liquid 450
Vivinal®GOS 477
Voigt effect 169
voltage difference 305, 306
VO2 thin film smart windows 413

w
waste polystyrene 429
wastes into wealth 490
wastewater treatment and resource

utilization 457
water flux/magnetic permeability 461
water permeability 37, 461–463, 467,

468, 469, 480
water purification 31, 32, 430, 449, 453,

457, 670
water resources 457
water/salt permeability selectivity 461
water vapor delamination 35
wave impedance 590
well-crystallized ITO films 431
wet etching process 201, 203
wet method 456
Weyl/Dirac node 77
Weyl equation 76
Weyl fermion 661, 662
Weyl points 662
Weyl semimetals 2, 112, 648, 661, 662,

666
winched AN/SQR-18

towed array sonar 561
towed linear array sonar 562

x
X-ray diffraction (XRD) 370, 371, 384,

433, 655
X-ray electron-free laser 655
X-ray free electron lasers (XFELs) 657,

658, 664
X-ray lasers 656, 657, 663, 666
X-ray lithography 200, 209
xylan 490, 497–498
xylene 397, 523
xylitol 495, 496
xylogalacturonan 495

y
yttria-stabilised zirconia (YSZ) 619, 633
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z
Zeeman effects 662
zero-index-metamaterials (ZIM) 222
zinc acrylate self-polishing resins 524,

525

zinc oxide 518, 520, 523, 524,
603

zinc selenide 262




















