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Index

a
abnormal glow discharge 201, 206, 207, 441
abrasions, acute wounds 666
abscopal plasma effects 713
absolute quenching of products 348–351, 535
absorbed DBD energy doses 660
accidental cell death 594
accommodation coefficient 56, 395
acetylene (C2H2) 464, 466

conversion methane to 529–530
and ethylene 525–526

acetylene production 527–528
energy cost of 529
from methane 530

acidic behavior, effect of 39
acidic neutralization 517
acoustic wave

in high-frequency limit 159–160
intensive plasma-chemical reaction 160
in molecular gas at equilibrium 159
in nonequilibrium plasma 159–160

actin filaments (microfilaments) 569
actinic keratosis 709–711
action of UV radiation 587
activation energy, of excited molecules 64
active corona volume 278–281, 294
active plasma cleaning 441
active transport 571–572
acute wound healing 666, 668, 679
adaptive anti-tumor response 714
adenosine triphosphate (ATP) 570, 572–573, 594,

656–658, 708, 712–713
adiabatic Massey parameter 26, 41
adiabatic motion 216
adiabatic principle 25–26, 216, 224
admixtures of halogens 378
aerodynamic plasma actuators 493–494
aerosol breakdown 316
aerosol density 311, 313, 317
aerosol photoionization 311–313

agar phantoms representing living tissue 652
agricultural products

conglomeration 614
plasma-activated water to 619
plasma disinfection or sterilization 615
sophisticated surfaces of 614

airborne microorganisms 595, 605
PDRF 598

air plasma spray 411–413
Alfassi–Benson method 64
Alfven current 321
Alfven velocity 140, 155–156, 215–216, 218
Alfven wave 140, 158
Alkhazov’s equation 322–323
alpha-regime

ionization rate 259
sheath parameters in 260

aluminum nanoparticles, synthesis of 425
aluminum nano-powders 425
ambipolar diffusion 84–87, 133, 154, 184, 186, 208, 210,

256
ammonia dissociation 386
ammonia (NH3) synthesis 384–385
amorphous Si-film deposition 442–445
Ampere force 152
angiogenesis stimulation 689, 702–703
anharmonic oscillators 54, 58, 92, 93
animal-like cells 569
anisotropic etching 9, 431–432, 434–435, 437, 439–440
anisotropy

EEDF 78–80
requirements 432

annexin-V assay 708
anode dark space 199
anode-directed or negative streamer 180
anode–electrolyte interface 418
anode glow 199
anode layer 198, 227

energy balance of 227–228
of glow discharges 207–208
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anode spots 220, 227–228, 418
anode voltage drop 228
antigen-presenting immune cells (APC) 713
antigen-specific T-cells 713
antioxidant drug 700
antioxidants 577, 668, 706
anti-tumor effects 647, 656–657, 707
apoptosis 594

bodies 707
vs. necrosis 707, 709

APPJ surface power density 292
𝜏-approximation 72
aquaporins (AQPs) 572, 585, 709
aqueous film forming foam (AFFF) 518
arc discharges

cathode layer of 224–226
positive column of 228–231

arcing 210, 234, 341
arc positive column 219, 228–233, 243
argon beam coagulators (ABS) 679–680
argon plasma afterglow jet 675
argon plasma coagulators (APS) 411–412, 414, 639,

679–680, 686
armchair configuration 427
Ar–N2 mixture 465
Arrhenius formula 33, 63, 68, 438, 440, 564
arterial ulcers 666, 668
associative detachment 32, 507
associative ionization 20, 26
Aston dark space 199
asymmetric DBDs 170, 290, 493
asymmetric RF CCP discharges 264–267
atmospheric pressure DC micro-glow discharge 307
atmospheric pressure gliding arc plasma 610
atmospheric pressure glow discharges (APG) 213–214,

218, 291–292, 470
atmospheric-pressure micro-glow discharge 306–308, 310
atmospheric pressure nonthermal discharges 30, 556, 588
atmospheric pressure plasma jets (APPJ) 292–293, 466,

534, 647
atmospheric pressure plasma sources 567, 610, 627
atmospheric pressure RF glow discharges 250
atmospheric uniform glow discharges 615
atomic layer deposition (ALD) 446–447
attachment instability 194–196
attenuation of electromagnetic wave 144
aurora borealis 4, 5
auto-ignition limit 484–486

mechanisms and kinetics of 483–484
auto-ignition of H2–O2 484
auto-thermal regimes 459
autotrophs 573

avalanche-to-streamer transformation 180
avalanche-to-streamer transition 182–184, 280, 287, 338
average discharge power 287–289
aviation fuels (like JP8) 462
azimuthal drift 214–215

b
Bachmann triangle 540, 543
Bacillus anthracis (anthrax) 588, 590–592
Bacillus cereus 590–592, 600
Bacillus thuringiensis 590
back ionization wave 303, 305, 310
bacterial spores 591
bactericidal effect of plasma-generated ozone 582
ballistic range tests 492
ball lightning 305, 310
battery effect 265
beam instability 141–142, 321
Bennet pinch 233–234
Bennet relation 153
Bessel function 187, 267
Bethe-Bloch formula 24
Bethe-Born approximation 323
Bethe formula 320
bioactive micro-xerography 703–705
bioluminescent imaging (BLI) 709–710
Bjerrum length 579, 585
blackbody emission 123
blast furnace process 391
black metal 397
blastoma 707
blind streamers, effect of 644, 645, 652, 662
Bloch–Bradbury mechanism 30
blood coagulation cascade 682–683, 685, 686
blood rheological properties 702–703
Bohm sheath criterion 135
Bohm velocity 135, 436, 445
Bohr radius 46, 47, 83, 128
boiler furnaces 487
Boltzmann constant 18, 579, 635
Boltzmann distribution 89–90, 92–94, 96, 98–99, 106, 109,

111–112, 130, 133–134, 139, 359
Boltzmann H-theorem 72
Boltzmann kinetic equation 71–75
Boltzmann law 24, 95, 129
Boltzmann statistical distribution 112
boomerang resonance 44, 45
bootstrap effect 484–485, 503

active neutrals related 485
borides, synthesis of 406–407
Born approximation 24, 47
Boufendi–Bouchoule experiments 422
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Bouguer law 143–145, 252
bound-bound transitions 120
bovine spongiform encephalopathy (BSE) 593
brain heart infusion (BHI) 602
breakdown voltage 176, 177, 182, 201, 203, 236, 282, 289,

290, 314–316, 332, 333, 341, 342
Breit–Wigner formula 43
bremsstrahlung absorption

coefficient of 122
bremsstrahlung emission 120
bulk heating 331, 332
bullet mode 293
Buneman instability 142
burns 649, 666, 667, 675
bystander effect 654, 709

c
cadaver tissue treatment 650
Ca2+ ionic factor 682–683, 686
calcium carbonate 516, 517
calcium-induced calcium release (CICR) 657, 658
calcium ion wave propagation 656–658, 662
Canady Vieira hybrid plasma scalpel 680
cancer cells, plasma killing of 707
canonical invariance 106–107
C2N2 production 531
capacitively coupled plasmas (CCP) 249–250, 254–264,

267–268, 270, 273–275, 292, 309, 318, 434, 536, 587,
706

discharge, current-voltage characteristics 259
capillary corona reactor 514
capillary jet mode 309
capillary plasma electrode (CPE) 309
carbides, synthesis of 404
carbon compounds 404, 434, 539–541

thermal plasma dissociation 428
carbon nanotubes 425, 427–429, 529

surface modification of 428
carbon oxides mixtures 538–539
carbon suboxide (C3O2) 467–468, 479
carbon tetrachloride (CCl4) 434, 440, 498, 509, 511, 539
carbothermic plasma reduction 396–397
carbothermic reduction 396–397
carcinoma 706, 710–711
caspase cleavage 708
cathode-directed or positive streamer 180
cathode glow 199, 217, 218
cathode layer(s) 198

of arc discharges 224–226
collisionless zone of 225
energy balance of 227, 228
quasi-neutral zone of 225

cathode segmentation 213–214
cathode spots 201, 204, 206, 219–220, 224, 227–228, 243,

303
cathode vicinity 225–226
cell attachment 703–705
cell cultures 573, 654, 670–671, 709
cell cycle 570, 573–574, 577, 709
cell division processes 573
cell membrane functions 568
cell proliferation 645, 666, 671, 703–705, 708, 709
cell-to-cell communication 577, 654–658, 662
cell-to-cell signaling 654–655, 662
cellular metabolism 573–574, 577, 585
cellular sources of ROS 575
centers of polymer growth 547, 548
channel-forming proteins 571
channel model 228–232, 243, 245, 246, 252
chemical bonds, rearrangement of 40
chemical decontamination of water 515
chemical factor 347, 373
chemical heat release 159–161, 165, 166, 193
chemical lasers

population inversion in 500
chemical modification of the polyethylene (PE) surfaces

551
child law sheaths 136–137, 149
Chirikov stochasticity criterion 60, 358
CH4 liquefaction 469
chlorine-based ion-assisted etching 438
chlorine compounds 534–535, 537
chlorine-containing VOC 510–511
chlorofluorocarbons (CFCs) 514–515, 536, 537
CH4–NH3 mixture 532
chromosomes, nonthermal plasma 569
chronic wound healing 666–668, 678
chronic wounds 10, 11, 665–668, 678, 679
cleaning feedstock gases 441–442
closed package

bread disinfection in 617–618
cherry tomatoes in 617
strawberries in 617

coal conversion 463–464, 468
in thermal plasma jets 464–466

coal cracking 464
coal-fired power plant emissions 512–514
coal gasification 466
coal heating 464
coal metamorphism 463
coal oxidation process 468
coal-to-carbon conversion 465
coaxial cylinders 277
coaxial flow stabilized arc 235
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coaxial-hollow micro dielectric-barrier discharge 308
CO2 dissociation 353, 355

carbon and oxygen 363–364
energy efficiency of 359
gas-dynamic stimulation of 362–363
mechanisms of 355–357
physical kinetics of 357–359
in supersonic cold plasma flows 360–362
through electronic excitation 356

CO2 dissociation kinetics
one-temperature approximation of 359

coefficient of selectivity 103–105, 109
CO2 emission 467–468
CO2–H2O mixture 476–478, 539, 543
CO lasers 130, 499–500
cold atmospheric pressure discharge 277
cold atmospheric pressure plasma dermatology 687
cold atmospheric-pressure plasma 615
cold-smoked salmon 617
collector 494
collisional damping 138–139, 273
collisional integral 71–72, 106
collision ionization 20, 25–26
collisionless plasma 143, 144, 157
collisionless track expansion 326
collisionless Vlasov equation 71
collisionless zone 225, 226
colloidal thrusters 489
colony forming units (CFUs) 580, 587, 602, 646, 673
combined plasma–catalytic approach 462
completely ionized plasmas 4
complete thermodynamic equilibrium (CTE) 111–112
complex dielectric permittivity 143, 251
complex ions 17, 18, 27
complex organic synthesis 534
CO–N2 discharges 385
conformal deposition 446–447
CO–N2 mixture 533–534
conservation equations 72, 351
conservation, plasma effect of 614
constant microwave plasma conductivity model 252
constant voltage

periodic corona-current pulses at 281
contact angles, PAW 634–635
continuity equation 72–73, 83, 89, 138, 139, 148, 151, 158,

164, 201, 351, 352
continuous corona discharges 277–281, 295
continuous optical discharges 253–254

energy balance of 254
minimum power to 254

continuous spectrum radiation 120–121, 311–313
contracted microwave discharge 300

contraction instability 190
contraction, of positive column 210–211
controlled-atmosphere plasma sprays (CAPS) 411, 413,

417
convective cooling 213, 232
co-planar configuration 216, 217
corona and pulsed corona discharges 506
corona discharge 6

continuous 277–281, 295
SO2 345

corona electric field distribution 277, 279
corona radical shower 507
cosmetics, plasma 688–690
Coulomb collisions 20–21, 303
Coulomb coupling parameter 318
Coulomb cross-section 82
Coulomb crystals 318, 329
Coulomb logarithm 82, 105, 328, 358
covalent bonding 629
COVID-19 pandemic 626
Creutzfeldt–Jakob diseases (CJD) 593
critical heat release 162, 163, 171, 361, 362
critical heat release effect 163
critical ionization degree 347, 373
critical vibrational temperature 298, 372, 373
cryogenic liquid plasma 339–340
cryogenic plasma synthesis 385
current-voltage characteristics 200–203, 208–210, 220,

228, 259
of corona 279–280
and discharge power 279–280

cycle of concentration (COC) 516, 517
cyclohexane (C6H12) 378, 457, 530, 545
cyclotron frequency 81, 154, 157, 171, 265–267, 271–273
cytokinesis 573
cytoplasm 568–570, 572, 577, 594, 709, 713

d
danger-associated molecular patterns (DAMP) 712, 713
dark cathode space 199
dark Townsend discharge 200, 201
dart-leaders 304
DBD filaments

mode 282, 283
patterning 284
quasi-repulsion of 284

DBD transition
from filamentary to uniform mode 285

DC-arc plasma spray 411–413
DC sheaths 134–136
DC thermal plasma 425
Debye correction 114–115
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Debye radius 84–87, 133–139, 146, 313, 319, 329, 338, 562
Debye shielding 133–134
degradation length, of fragments 326
degradation spectrum 322–323

kinetic equation for 322
degree of ionization, in tracks of fragments 326
Deinococcus radiodurans 592
dendritic cells 708, 712–713
dense gas plasma lasers 499
dental health 691–693
dentinal tubules 690, 694
depth of penetration 652–655, 657, 660, 714
dextran sodium sulfate (DSS) model 699–700
diamond films, plasma-chemical 539–542
diamond-like carbon (DLC) 540

coatings 421
films 540–542

diatomic molecules, statistical distribution 113–114
dielectric barrier discharges (DBD) 7, 282, 284, 585, 590,

610, 659
discharges 514
memory effect 287
micro-discharges 282, 376
plasma 591

dielectric barrier grating discharge (DBGD) 595–598, 605
dielectric loss tangent 550
dielectric permittivity, of plasma 143, 550
diesel fuel 461–462, 478
diesel oils 461–462
diffusion coefficients, of electrons 84
diffusive (homogeneous) regime 300
dimensionless selectivity S 559
dimethyl sulfide (DMS) 509–511
diode configuration 450–451
direct cell-to-cell contact signaling 656
direct CH4 incorporation 469–470
direct current (DC) discharges 197, 219
direct effect of externally applied electric fields 590
direct H2 production 475–476
direct ionization 20, 22–23, 33, 41, 186, 224, 332–334,

338–339
direct living tissue sterilization 648–649
direct micro-patterning 420–422
direct plasma disinfection 616
direct plasma-induced disinfection 615–617, 636
direct plasma treatment to cancer 707
direct production

of germanium from its oxide 400
of indium from its oxide 399
of vanadium from its oxides 399

direct pulsed-plasmas for water disinfection and
sterilization 600–601, 605

direct vs. indirect plasma effects 578–580
discharge chamber, gas flow 213
discharge current and voltage 200, 257
discharge microstructure 298
discharge poisoning effect 377, 389
disease activity index (DAI) 699–700
disinfection, plasma 587
dispersion equation

of dusty plasma 318, 319
of relaxation gas-dynamics 159

dispersion relation 138–139, 141–143, 145–146
disposable food containers 617
dissociation equilibrium 114
dissociation of molecules, electronic excitation 47–49
dissociative attachment process 346, 444, 476
dissociative electron attachment 18, 29–30, 423
dissociative electron–ion recombination 27–28, 41
dissociative reduction mechanism 392–394
DNA damage 581–584, 600, 611, 709
domain of inverse population 95
doping effect 438
Doppler broadening 108, 126, 128, 131
dose effect 560
dosimetry

biological responses of tissues 661–662
physical approach to 659–661

double-stage automotive exhaust cleaning 508
double-step plasma-chemical cycles 476–478
double-strand breaks (DSB) 583
drift velocity 36, 73–75, 80, 82, 83, 175, 179, 182, 195, 196,

218, 258, 280, 292, 315
droplet size distribution 623–624, 636
Druyvesteyn distribution 76, 86
dry reforming, of methane 458–459, 465, 466
dust nanoparticles

in plasma formation 423–425
dust sound 319
dusty plasma 318, 319

dispersion equation of 319
in low-pressure RF silane discharges 422–423
nonideality of 318
quasi-phase transition in 318
structures 318
systems 422
transition in 424

D-value 587–589, 603, 604

e
“eat me” signals 712, 713
E. coli

growth inhibition of 625
ecto-calreticulin (CRT) 654–658, 712, 713
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Einbinder formula 313–314
Einstein coefficients 129
Einstein relation 76, 83–85, 90, 212
elastic collisions 18

elementary 21
vs. inelastic 50

elastic scattering processes 21–22
electrical safety issues 642–643
electric arc discharge 6
electric breakdown, of aerosols 314–316
electric breakdown of supercritical CO2 341
electric conductivity 82–83, 303

of the plasma-polymerized films 550
electric cracking 526
electric dipole radiation 47
electric energy consumption 13–14
electric field 231

ion drift in 83
ion energy in 83
Maxwell equation for 151

electric field domains 195
electric fields 81–82
electric properties of plasma-polymerized films 550
electric propulsion 487–489, 503
electric rocket engines 487–489
electrode discharges 197
electrode erosion 227–228, 601
electrode glow–“pancake” 285
electrode jets 233–234
electrodeless discharges 197
electrode material, erosion of 227
electrode stabilized arc 228, 235
electrolytic spark 417–418, 421, 429
electrolytic-spark oxidation 417
electromagnetic energy 145, 245, 247, 250–252, 298, 301,

471
electromagnetic radiation 111, 113
electromagnetic wave propagation 143, 156–158, 497
electron-aerosol plasma 316, 317

regime 317
electron attachment 51, 186

dissociative 18, 29–30, 423
processes 26, 28–32, 51, 178, 185, 278, 322
three-body 30, 31

electron beam degradation 322–323, 330
electron beam energy losses 321
electron beam plasma 320–321, 383, 511
electron beam velocity 141
electron cyclotron resonance (ECR) 157, 270–272, 354,

368, 435
microwave discharges 270–272
plasma source 435

electron detachment 29
in collisions with excited particles 33
from negative ions 32–33

electron drift velocity 75, 80, 175, 181, 182, 195, 196, 280
electron–electron collisions, EEDF 76–78, 86
electron–electron scattering 21
electron emission 20

explosive 227
secondary 224

electron energy distribution functions (EEDF) 17, 74, 75
electron–electron collisions on 76–78
isotropic and anisotropic parts of 78–80

electron free diffusion coefficient 84
electronic APG stabilization 292
electronical-vibrational “vibronic terms” 370
electronically adiabatic channel 370
electronically excited states 9, 23, 43, 105–106, 116, 388,

497, 498, 500, 541
electronically nonadiabatic channel 370
electronic excitation 9, 47, 49, 51, 346

energy transfer 63
relaxation 62–63, 69

electronic wind 490
electron impact detachment 32, 42
electron impact ionization 21–23, 113, 239, 270, 420
electron–ion recombination 26–28, 30, 41, 113, 120–121,

185, 186, 208, 322, 325, 329
electron Larmor radius 155, 217
electron Maxwellization instability 195, 210
electron mobility 80–81, 84, 86, 142, 143, 148, 175, 178,

259, 298, 313, 329, 490
electron–molecular, effect of 76–78
electronegative gases 17, 28–32, 137, 176–178, 182, 183,

185, 207, 281
effect of 176–178

electron-neutral collisions 19, 21, 38, 74, 78, 82, 120, 139,
209, 212, 232, 254, 262, 265, 266, 268, 300, 324, 486,
590

electron-plasma furnace 397
electrons ions 3, 17, 28, 319, 550, 660
electron temperature 5, 78

in plasmas 5
and the reduced electric field 78

electron tunneling 35, 39, 223, 547
probability 39

electroporation 10, 571, 579–581, 585, 590, 600
electrostatic force 490, 590, 619, 623
electrostatic mist explosion 623
electrostatic plasma oscillations 137–139, 141, 142, 150,

319
electrostatic plasma thrusters 490, 491
electrostatic plasma waves 138–141, 144, 149
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electrostriction effect 339
electrothermal plasma thrusters 490
elemental mercury 512–514
elementary charged plasma

characteristics and parameters of 18–21
transformation pathways 17–18

elementary charged process
cross section of 19
probability of 19

elementary elastic collisions 21
elementary reaction rate 17, 20, 100
elementary sterilization reaction 597
Elenbaas–Heller equation 228–232
emissive display 502
emitter 126, 441, 494, 495
endogenic NO level 670–671
endohedral fullerenes 427

plasma production of 426
endoplasmic reticulum 569–570, 657, 707
endothermic sulfur gasification 386
energy balance

of continuous optical discharges 254
in nonequilibrium CO2 plasma 359–360
of plasma bullet formation 294

energy conservation equation 72, 73
energy density 3, 73, 147, 500, 600
energy-space-diffusion

to VV-exchange 90–91
VT-relaxation 89–90

energy transfer, in Coulomb collisions 20–21
Engel–Steenbeck relation 186–187, 196, 203, 206, 208
environmental protection agency (EPA) 512, 599
epicuticle 556
equilibrium phase 237, 238, 350

evolution 237–238
equivalent total oxidation potential (ETOP) 661
erosion thrusters 491
erysipelatous inflammation 673, 674
escape cone angle 217, 218
Escherichia coli 572, 592, 615, 616, 646, 692
etch rate requirements 431
etch selectivity requirements 431
ethanol conversion 460, 462
ethylene

and acetylene 525–526
co-production 526
removal 609

Evans mechanism 657
evaporation-condensation effects 623–624, 636
evaporation effect 395
excimer lasers 499–500
exciplex 500

excitation energy distribution 44, 89, 195
excitation factor 347, 373
excited states

inverse population of 130
exhaust gases

of paper mills 510
exocuticle 556
exogenous NO effect 671
exogenous NO treatment 671
explosive electron emission 227
externally heated cathodes 227
extra-ordinary wave 157
extremophiles 592
ex vivo measurements 652–653

f
facilitated diffusion 571, 572
Faraday dark space 199, 258, 307
fast equilibrium-to-nonequilibrium transition (FENETRe)

239–241
fast flow glow discharges 209, 218
fast ionization instabilities 193
fast ionization waves (FIW) 189, 484
fast nanoparticles coagulation 424
fast nonadiabatic mechanisms 55–56
fast oscillating fields, instability 195
fast reaction limit 100, 101, 359
fast subsonic and supersonic flows 162–167
fast VT-relaxation

hot atoms effect in 107–108
nonequilibrium molecular gases 108

ferroelectric Curie point 291
ferroelectric discharges 290
ferroelectric domains 291
Fick’s law 83–84
field-directed plasma treatment of actinic keratosis 710
field emission effect 223, 342
film-cathode regime 496
“find me” signals 712
Fischer–Tropsch 469, 470
Flamm formulas 438, 440, 441
flashing corona 281
flat discharge configuration 236–238
flat gliding arcs 236, 238
flat-surface heating

nonequilibrium 395
flickering pores 571
floating-electrode dielectric barrier discharge (FE-DBD)

7, 642, 643
of actinic keratosis 709–711
cadaver tissue treatment 650
in direct living tissue sterilization 648–649
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floating-electrode dielectric barrier discharge (FE-DBD)
(contd.)

direct plasma treatment 649, 650
immunotherapeutic treatment 713–714
plasma controllability 643–645
plasma, single treatment of 705
plasma stimulation 681–682
plasma uniformity 643–645
skin and infected wounds treatment

676–677
floating potential 136, 149, 590, 623
flowback fracking water 517–518
flow cytometry analysis of air samples 597
flow stabilized arc 228, 235
flow-stabilized linear arcs 235
fluorescent lamps 3, 6, 11, 198, 501, 502
fluorine-based oxidizers 383–384
fluorine compounds 42, 518, 535–536
fluorine, plasma dissociation of 388
fluorocarbon polymers 551
Fokker–Planck approach 74, 89
Fokker–Planck kinetic equation 74–75, 86, 89, 90, 92, 93,

95, 98, 103, 106, 107
food processing 7, 12–13, 515, 567, 576, 607–636
food sterilization/disinfection 609
foot ulcers 668, 678
forever chemicals 518–519
forward-vortex stabilization 241
fourth state of matter 3, 5, 10
Fowler–Nordheim formula 223
Franck–Condon Principle 22–23, 29
free-bound transition 120, 121
free-burning linear arcs 234
free-free transition 120, 121
freons (chlorofluorocarbons) 514–515
freons decomposition 515
fresh produce

disinfection of 609, 624–627
life cycle of 608–609
sterilization of 626
washability of 631–632

Fridman approximation 45–46, 68
Fridman–Macheret 𝛼-formula 64–68, 356, 363
fuel conversion 9, 14, 353, 455–479
fuel reforming 13, 459, 461
fullerenes, plasma synthesis of 9, 373, 378, 381–383, 385,

389, 404, 407, 425–427, 429, 534, 537–538, 542, 543,
545

functionally gradient materials (FGMs) 411, 414,
416–417

fused hollow cathode 308

g
gamma-regime

of CCP discharges 260
normal current density 260

gap junctions 656–658
gas composition 17, 50, 204, 284, 320, 321, 463, 502, 528,

579, 580, 660
gas discharge 197, 198

CO2 laser 499
communication 496–497

gas-discharge lasers
using metal vapors 497

gas-dynamic force 490
gas-dynamic lasers 362–363, 499
gas-dynamic perturbation 161
gaseous or liquid identity 341
gas-kinetic collisions 56–58, 90, 372
gas lasers 190, 198, 497, 498
gas mixtures 102–105, 214, 446, 587, 617
gasoline 95, 462
gas-phase composition 437
gas phase phenomenon 331
Gaussian law 179
Gaussian profiles 128
generalized Ohm’s law 153–156

and plasma diffusion 154–155
germ cell tumor 707
G-factors 328, 376, 381, 382, 507, 659, 660, 662
Gibbs energy 114–115
gliding arc

configuration 241–243
discharge with spiral electrode 242
in fluidized bed 241
plasmatron 242
rotating in magnetic field 241
stabilization 241

gliding arc critical parameters 238
gliding arc discharges 7, 13, 237, 456, 458, 496, 515, 521,

610, 628, 718
nonthermal regime of 615

gliding arc ionization instability 239
glow discharge 6, 199

anode layer of 207–208
atmospheric pressure 213–214
cathode layer of 203–204
configurations 198, 199, 214
instabilities 211–213
Townsend dark discharge to 200–203
transition of from dark 202
stabilization 213–214
structure 198

Golgi apparatus complexes 570
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Gordiets distribution 95–96
graft polymerization 548
granular activated carbon (GAC) 518, 521
graphite electrodes, dispersion of 428
gray body 122–123
gynecology 675

h
Haber–Bosch process 13, 367, 368, 373, 385
halides of potassium and cesium 402
Hall effect 153, 491
Hall-effect thrusters (HET) 491
hazardous organic compounds 515–516
H2 dissociation 388, 395
heat balance 7, 208–210, 297
heat flux potential 229, 230, 247, 254
heating effect 184, 192, 262, 274, 395
heating, ventilation, and air conditioning (HVAC) systems

595
helical resonator discharge 270
helical resonator plasma source 435
helicon plasma source 273, 435
helicon waves 273
helium plasma jets 293–295
Helmholtz free energy 114–115
hemostatic phase, wound healing 665
heptane (C7H17) 457
herpes zoster 687
heteroatoms 551
heterogeneous mechanism of polymerization 547
heterotrophs 573
HF chemical laser 500
HID lamps 501
high-density plasma (HDP) 267

etchers 435
sources 434–435

high-efficiency particulate air (HEPA) filters 595
high-energy electron beams 24–25, 321, 325–326, 356
higher energy metastable electronically excited states of

molecules 9
high frequency electromagnetic fields 245, 316
high intensity arcs 219
high mobility group box 1 (HMGB1) 713
high power electron beam 321
high pressure arc discharges 220
high-pressure discharges 194, 197
high-purity metals

production of 397–400
high spectral brightness radiation 500
high thermal stability 418, 549
high voltage sheaths 136–137
HMDSO (hemamehtyldisiloxane) plasma 557, 565

hollow cathode discharge 206–207
hot atoms 107–108, 110, 197, 373, 374

generation 108, 110
hot cathode spots 219–220, 227

arcs with 219
hot thermionic cathode arcs 219
H2S-CO2 mixture 472, 474
H2S decomposition 470–472, 474

nonequilibrium kinetics of 472–475
human tissue sterilization 649, 676
hybrid ICP plasma torches 249
hydraulic fracturing 517
hydrazine (N2H4) synthesis 384–385
hydrides, plasma production of 406–407
hydrocarbonates removal 516–517
hydrocarbon auto-ignition limits 484
hydrocarbon remediation 507–508
hydrocarbons oxidation 467
hydrogen bromide

plasma dissociation of 387
hydrogen cyanide (HCN) 464–466, 531–532
hydrogen energy concept 455
hydrogen halides dissociation 387–388
hydrogen peroxide H–O–O–H or H2O2 575
hydrogen peroxide molecule 581
hydrogen production processes 13, 456, 529
hydrogen reduction

of tungsten oxide 392–393
hydrophobization effect 557
hyperbolic plateau-distribution 92, 94–96, 109
hypoxia 666, 668

i
ICP RF discharge

equivalent circuit for 267–268
ideal gray body 123
ideal plasma 133–134, 149, 478
ideal quenching 348

of products 348–351
thermal CO2 plasma with 348

ideal solution, PAW 635
ignition and combustion control 481
immune responses, stimulation of 707, 712, 714
immune system cells 665, 712
immunogenic cell death (ICD) 654, 712–713, 715

in vivo 713
immunogenicity of cancer cells 714
immunomodulation aspects 712
impact approximation 128
indirect plasma applications 578
indirect plasma effects 578–580, 611–612, 618
indirect plasma treatment of cancer 707
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inducible NO synthase (iNOS) 669, 671
inductively coupled plasma (ICP) discharge 246, 247

electrodynamics of 246
equivalent circuit of 258
parameters, analytical relations for 268
thermal characteristics of 247
transformer HDP etchers 435

industrial equipment 558
industrial exhaust gas cleaning 507
industrial plasma-chemical reactors 558
inelastic collisions 18

vs. elastic 50
inert-gas SPS plasma spray systems 412
inflammatory bowel diseases (IBD) 697–700
inflammatory phase, wound healing 665, 667
inflection point 95
initial breakdown, gas 236, 255, 270
inorganic oxides production 404–406
in-situ plasma cleaning 441, 442
instability increment 191–194
integral flux relation 245, 251
intensive small-scale turbulence 213
intensive spark 303, 487
interaction frequency 19, 20
intermediate blood coagulation regime 685
intermediate complexes 66–67
intermediate filaments 569
intermetallic powders, forming of 414
internal energy 18, 114–115, 291, 635
intracellular RNS transformations 585
intracellular ROS transformations 585
in-vitro model mimicking 651–652
in vivo blood coagulation 681
ion acceleration mechanisms 489–490
ion-beam implantation 448–449
ion bombardment during plasma sterilization of surfaces

604
ion catalysis 9, 486
ion clusters 17, 422
ion conversion processes 27
ion drift 36, 83, 170, 256
ion energy 83

driven etching 433, 434, 436
driven F-atom etching 438

ion-enhanced inhibitor etching 433–434, 437
ionic catalysis 40
ionic gas-discharge 497–498

lasers 497
ion implantation 10, 431–453
ionic sound 139, 146, 148–150, 319
ionic sound solitons 149, 150
Ionic Wind 169–170, 503

ion–ion recombination 26, 29
in binary collisions 34–35
three-body 35–36

ionization instability 190, 193, 195, 210, 211, 239, 325
ionization mechanism 197, 225, 258, 278, 339, 496
ionization-overheating thermal instability 190–194
ionization potential, electron impact 43
ionization processes 20–21, 23, 24, 51, 115, 184, 190, 278,

327
ionization rate coefficient 23–25, 175, 184, 212, 236
ionization waves 187–189, 212, 294, 303, 714
ionized plasma 4, 5, 82–83, 154, 180, 216
ion-molecular processes

Langevin Capture 37–38
polarization collisions 37–38

ion–molecular Winchester mechanism 459
ion thruster 489–490
isotropic etching 431, 437, 440

j
Jacob’s ladder 236
Joule heating 5, 73, 80, 81, 145, 209, 210, 212, 219,

228–230, 239, 246–248, 262, 301, 332, 418, 419, 501

k
Kagija method 64
Kassel mechanism 525–526, 530, 531, 542
killing bacteria 580, 587, 645
kinetic instabilities 140–142
kinetics of low-pressure discharges 436
Kirchhoff’s law 128, 129
Korteweg–de Vries Equation 145–147, 150
Kramers formula 122, 253
Krook collision operator 73
krypton fluoride synthesis 381, 382, 384

l
Lame equation 561–562
Landau damping 140–142, 150, 273, 324
Landau–Teller effect 52, 53, 424
Landau–Teller formula 53, 54, 69
Landau–Teller relation 101
Langevin capture 37–40, 42
Langevin cross section 37, 42
Langevin electron-neutral collisions 38
Langevin model 36
Langevin polarization capture 37
Langevin rate coefficient 38
Langmuir adsorption–desorption model 436
Langmuir frequency 137, 139, 150
Langmuir relation 313–314
Langmuir solitons 147–148
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laser amplification coefficient 130, 131
laser-directed sparks 303
laser Doppler flowmetry (LDF) 672
laser generation, principle of 130
laser radiation absorption 253–254
laser sources 500
Le Roy formula 63
leader, defined 183
left-hand-side circular polarization 157
lesion-directed treatment of actinic keratosis 710
Lichtenberg figures 290, 291
Lidsky hollow cathode 207, 218
light-emitting diodes (LEDs) 11, 502
Lighthill Criterion 145–146, 148
lightning, natural plasma 4
linear transferred arcs 234
linear VV-flux component 91
lipid bilayer 568, 571
lipid peroxidation 575, 576, 580, 584
liquid layer surrounding the cell 579
liquid phase, plasma in 7, 331
Listeria innocua 616
Listeria monocytogenes (LMC) 615–617
lithium and sodium halides 402
load effect 603, 605, 630
loading effect 437, 439
load line 200, 204, 206
local metastasis 707
local plasma therapy 713
local thermodynamic equilibrium (LTE) 5, 111–112
longitudinal perturbations 211
long-lifetime resonances 44, 45
Lorentzian profiles 128
Lorentz spectral line profile 125
Losev formula 101
Losev model 68
lotus effect 557–558, 565
low-current electron beam 321
low-density-lipoprotein (LDL) cholesterol 700, 702–703,

715
low pressure arc discharges 220
low-pressure cold plasma (LPCP) system 616
low-pressure glow discharges 307, 532, 546
low-pressure N2/O2 afterglow plasma 587
low-pressure radiofrequency discharges 7
low-pressure RF CCP discharge

high-current regime 263–264
low-current regime 262–263

low-pressure RF oxygen plasma 587
low-pressure RF silane discharges 422–423
low-pressure sodium lamps 501
low-voltage arcs 227

LPPS 411–413
luminescent silicon quantum dots 425
luminescent sources 500
lymphoma and leukemia 707
lysosomes 570

m
Macheret–Fridman model 67, 68
macro-kinetic chemical reaction 99, 100
macro-particles effect 316
macrophages cells 713
macrostructure analysis 298
magnetic fields 81

in high conductivity plasma 152
Maxwell equations for 151
plasma diffusion across 154–155
plasma equilibrium in 152–153

magnetic lines, tension of 153
magnetic mirror effect 216–217
magnetic pressure 140, 152–153, 156, 170
magnetic Reynolds number 155–156, 171
magnetic sound 140
magnetic viscosity 151, 155
magnetically enhanced reactive ion etchers (MERIEs)

434, 435
magnetically stabilized rotating arcs 236
magneto-hydrodynamic (MHD) generators 494, 496

inlet flow control 493–494
MHD interactions 493
plasma as working fluid 494–495
working fluid, electric conductivity of plasma 495

magneto-plasma-dynamic thrusters 491
magnetron glow discharges 216–217
malignant cells 645, 706–709
malignant tumors

direct effect of nonthermal plasma treatment on 709
malondialdehyde (MDA) 584, 585, 610
Margenau distribution 76, 86
Marrone–Treanor Model 68
Massey parameter 25–26, 41, 52–54, 61, 62, 224
matrix sheaths 136, 137, 449, 450
maturation phase, wound healing 665
maxillofacial surgery 674
maximum power principle 287–289, 295
maximum tolerated dose 659
Maxwell–Boltzmann distribution 18, 41, 112

function 18
Maxwell equation 142

for electric field 151–152
magnetic field for 151

Maxwellian distribution 48, 53, 63, 69, 74–76, 84, 86, 107,
112, 122, 126
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Maxwellization instability 195, 210, 211
MCF10ANUET 708
mean electron energy 18, 41, 76
mean free path, elementary process 19
Meek’s criterion 182, 338, 339, 342
membrane damages by ion bombardment 589, 604
memory cells 713
mercury compounds 512
mercury-containing light sources 501
mercury-free light sources 501
mesenchymal stem cells (MSC) 695, 705–706, 715
metal carbonyls, synthesis of 407
metallic cylinder model 246–247, 252
metallic niobium 396–397
metallic uranium 396–397
metallization of surfaces 556
metal nitrides, synthesis of 403
metal oxides

plasma reduction of 391
reduction 394–396

metamaterial cloaking 496, 503
metastable active species 620
metastable low-energy electronically excited oxygen 9
metastable plasma acids 620–622
metastable states 47–49, 498
methane

direct decomposition of 459–461
dry reforming of 458–459
and nitrogen 531–532
steam reforming of 458–459
vibrational excitation of 530

methane–air and ethylene–air flows 484
methane conversion

acetylene into 529–530
methane oxidation 537–538
methanol

and formaldehyde 537–538
production 538

microarc oxidation coating
aluminum coating in sulfuric acid 417–418
aluminum coating in sulfuric acid electrolyte 418–420

microarcs 417, 418
micro-deposition 420–422
microdischarge radiation 418
microdischarges

atmospheric-pressure micro-glow discharge 306–308
micro-hollow-cathode discharge 306–308

microelectronics, remote plasma cleaning 441–442
micro-etching 420–421
micro-fabrication 420–421
microfilament 569, 644, 683, 684
micro-hollow-cathode discharge 306–308

micro hollow-cathode glow discharges (micro-HCD) 308
micro-organism deactivation 598
micropatterning 420
microplasma array 308, 309
microplasma micro-patterning 420
MicroPlaSter 675, 676, 687
microscale differential wettability patterning 421
microsecond-pulsed FE-DBD 644
microtubules 569
microwave absorption 252, 275
microwave discharges 7

contracted 300
of moderate pressures 300–302
waveguide 251

microwave micro-plasma source 310
microwave plasma 250, 275

decomposition 402
generation 251–252

miniaturized pin-to-hole discharge 698–699
minimum effective dose 659
minimum power principle 204–206, 213, 230, 289, 295
mist droplet size distribution 623–624, 636
mist particles condensation 623–624
mist particles evaporation 623–624
mist particulates explosion 623–624
mitochondrion 570
moderate-current electron beam 321
modified Meek’s criterion 339, 342
modulation instability 145–146, 195, 324
molecular excitation energy 64, 69
molecular nitrogen dissociation 388
molybdenum plasma metallurgy 393
momentum conservation equation 73, 164
monatomic gases 190–192, 195, 196, 232
monochromatic photoionization 311–313, 329
multidisciplinarity without borders 9–10
multiple plasma temperatures 5–6
multi-step leader 304
multi-wall carbon nanotubes 428

n
N-acetylcysteine (NAC) 577, 646, 708
nano-composite particles 425
nanosecond pulsed DBD 285, 470, 484, 644, 645, 655–656,

718
nanosecond-pulsed dielectric-barrier discharges (DBD)

284–287
nanosecond-pulsed discharge 287, 339–342
nano-second pulsed discharge structure 335
nanosecond-pulsed FE-DBD 644, 645, 713
nano-second pulse power supplies 281
nanotubes, synthesis of 427–429
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nanotube surface modification 427–429
natural blood coagulation 683, 685, 686
natural gas conversion 526, 542
natural-soft coagulation regime 685
natural spectral line width 125
Navier–Stokes equation 151–153
necrosis 577, 593–594, 660, 663, 668, 672, 707–709
necrotic tissues, treatment of 672
negative corona 278, 280, 281, 334, 380, 381
negative effect of hydrocarbons 378
negative glow 199, 206, 207, 216, 217, 307
negative ion formation 17, 28, 29, 423
negative ions 17

electron detachment from 32–33
formation of 31–32

negative-index metamaterials 496, 503
negative temperature effect 627, 628
nerve, of tooth 691
neutral particles, electrostatic trapping of 424
Newton’s law 137
NF3 synthesis 383
niobium oxide Nb2O5 397
nitric oxide effects 670–671
nitrogen and sulfur oxides 507
nitrogen compounds 385, 464–466, 532–534, 553, 612,

620, 629, 636
nitrogen-containing compounds 466, 535, 669
nitrogen-containing groups 553
nitrogen dioxide NO2 radical 575, 576
nitrogen fixation 13, 367, 668
nitrogen-organic compounds 531
nitrogen oxides (NOx) 367–389, 463, 487, 507, 508, 516,

579, 601, 620, 670
nitrosylation 576, 629–631, 647
nitrous oxide destruction 387
noncatalytic surface 40
nonchemical plasma removal 517
non-conformal deposition 446–447, 452, 453
non-DC discharges 197
nonequilibrium 7

“cold” gliding arcs 242
effects 120
gliding arc 239–241

nonequilibrium atmospheric pressure plasma (NEAPP)
616, 617

nonequilibrium nanosecond-pulsed plasma
liquid without bubbles 338–339
water and PDMS 334–336
water without bubbles 333–334

nonequilibrium phase 237, 240
nonequilibrium plasmas 5

chemistry 530–531

effect 394–396
energy efficiency 345
sterilization of bacteria 598

nonequilibrium reactions, controllability of 10
nonequilibrium surface heating 395, 410
nonhealing wound 665
nonideal solution, PAW 635
nonlinear flux component 91
nonlinear ionic sound 148–150
nonlinear non-transferred wall-stabilized arc 236
nonoxidative disinfection processes 629–631
nonoxidative plasma sterilization effect 629
nonresonant charge exchange 39, 40, 42
nonresonant charge transfer 38–40
nonresonant rotational excitation 46
nonresonant VV-exchange 91–93, 95, 120, 193
non-self-sustained discharges 197, 325, 326, 354,

385
nonspecific lipid peroxidation 584
nonthermal air plasma 39, 506
nonthermal atmospheric-pressure plasma 378, 592–593,

649, 680–682
nonthermal discharges, propagation of 187–189
nonthermal gliding arc 297–310, 387
nonthermal ignition mechanism 481
nonthermal (nonequilibrium) discharges 197
nonthermal plasma 5, 587

cell division processes 573
cell membrane 571–573
cells and primary cell components 568–571
cell signaling systems 576
cellular metabolism 573–574
direct and indirect treatments 583
direct vs. indirect plasma effects 578–580
EEDF 74–75
energetic UV radiation 581
plasma-generated charged species 580–581
plasma-induced intracellular ROS 582
RNS 575–578
ROS 574–575
sterilization of air streams 597–599, 605
sterilization of spores and viruses 590–592
thermodynamic equilibrium 567

nonthermal reactive plasmas 164–167
nonthermal RF discharge 254, 255, 425, 552
nontransparent or optically thick 123
normal glow discharge 201, 204, 206, 307
NO stabilization 373
NO synthesis

charged particles to 369
critical ionization degree for 373
electronic excitation contribution to 369
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NO synthesis (contd.)
in thermal air plasmas 369
Zeldovich reaction of 369–372

NO-therapy 671–675, 691, 696
nuclear fission fragments 326–328, 330, 356
nuclear magnetic resonance 647
nucleus, nonthermal plasma 569
N2 vibrational energy balance 372

o
obstructed arcs 234
obstructed glow discharge 206–207
ohmic heating 501
Ohm’s law 138, 151, 153–154, 200, 209, 212, 237, 239, 240,

259, 268, 288, 289
onco-immunotherapy 712–713, 715
ondulator sources 500
one-atmosphere uniform glow discharge plasma

(OAUGDP) 292
one-step dissociation 403
one-temperature approximation 359, 365
onychomycosis 687
ophthalmology treatment 675, 696
optical breakdown 253, 303, 304
optical coordinate 123
optical emission spectroscopy 337–338, 593,

615
optical thickness, plasma of 123
ordinary wave 157
organic chlorine industrial wastes 534
organic hydroperoxides 574
organic load effect 628–631
organic nitrogen compounds 532–534
organic peroxides 548, 584, 647
organic plasma chemistry

of chlorine compounds 534–535
of fluorine compounds 535–536

oscillator power 125, 129
Osipov–Folmanis plasma polymerization model

546
osmosis 518, 556, 571, 585
osmotic pressure 571, 585, 590, 594
overcoming immune suppression 712–713
overvoltage effect 284, 285
oxidation process mechanism 508
oxidative water activation 627, 628
oxygen fluorides 383
ozonation 599
ozone generation 374, 375

in air 376–377
in oxygen 375–376
in pulsed corona discharges 379–381

p
packed-bed corona 290, 291
paracrine signaling 656, 657
parallel plate electrodes 216
Parker formula 62, 69
Park model 68
partial oxidation of coal 466
partition function 114–116
Paschen curves 176–178, 203, 206, 307, 331, 338, 496
passive plasma cleaning 441
passive transport 571
pathogen detection and remediation facility (PDRF) 595,

596
PDMS 334–336, 340
Peek formula 278
Penning discharge 214–216, 218
Penning ionization 25–26, 33, 240
Penning mechanism 224, 243
Penning plasma lasers 499
perfluoro-compounds (PFCs) 440
perfluorooctanesulfonic acid (PFOS) 518–519
perfluorooctanoic acid (PFOA) 518–520
peroxynitrite ONOO– 575, 576, 618, 627
peroxy-radicals 574, 576
pest control 609
phagocytic cells 707, 708
phase space 71
phase transitions 318
phosphate-buffered saline (PBS) 306, 584, 585, 601, 646,

652–654, 656
phosphorus nitrides synthesis 385
photochemiluminescence 671
photo-electron emission 224
photoionization 20, 24–25, 120, 122, 180, 304, 311–313,

329
physical sputter deposition 448
physical sputtering 433, 439, 447, 448, 452, 551
pig-iron 391
pinch effect 152–153
𝛼-Pinene 510, 511
pin-to-hole discharge (PHD) 305, 306

microdischarge 675, 676
system 670

Planck formula 112–114, 123, 347, 359, 372–373
Plank distribution 113
plasma acid effect 516
plasma activated biological media (PAM) 626, 646–648,

662
plasma-activated dry reforming 466
plasma activated lactate solution (PAL) 646–648, 662
plasma-activated medium (PAM) 626, 646, 647, 662
plasma-activated steam reforming 466
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plasma-activated water 612, 614, 620, 622
agricultural products 619
large-volume produce washing with 627–628

plasma aerodynamic effects 491–493
plasma agriculture 367, 515, 576, 607–637

and food processing 12, 567
plasma alkaline solution 621
plasma-assisted ALD (PA-ALD) 447, 453
plasma-assisted blood coagulation 3, 680–682
plasma-assisted liquefaction 469–470
plasma-beam centrifuge 324–325
plasma-beam discharge 141, 321, 324–325, 327, 363, 364,

403
plasma biology 567–585, 607
plasma bio-processing methods 607
plasma blood cauterization technology 12
plasma bullets 293–294, 714, 718
plasma catalysis 9, 40, 356–357, 455–479, 483, 531,

651
rearrangement of 40

plasma-catalytic effects 457, 459–461, 529, 539
plasma-catalytic ion-molecular chain 506–507, 521
plasma-catalytic NOx 507–508
plasma-catalytic NOx reduction 508
plasma centrifuge 87, 214–216, 218, 324, 325, 403

Alfven velocity for 215
plasma-chemical diamond-film growth 541–542
plasma-chemical effects 618
plasma-chemical fluorination of polymer surfaces

553
plasma-chemical kinetics 9, 20, 64, 375, 520
plasma-chemical nitrogenation of polymer surfaces 553,

565
plasma-chemical NO synthesis

energy balance of 372–373
to reverse reactions 373–374

plasma-chemical oxidation of polymer surfaces 553
plasma-chemical reactions 104, 164, 191–194, 327, 346,

364
plasma-chemical reactor 406, 464, 472, 473, 477, 495, 549,

558
plasma-chemical synthesis 367–368, 374–375, 382–386,

406–407, 538–541, 543
plasma-chemical system 160, 162, 163, 190, 192, 193, 213,

345, 346, 375, 382, 538, 540
plasma-chemical treatment 558–559
plasma chemisorption 407
plasma cleaning

of air and exhaust gases 11
and disinfection of water 11
energy balance of 506–507
processes 505

plasma coal pyrolysis 463–464
plasma conductivity 81–82, 138, 143, 145, 152–154, 170,

191, 230, 237, 246, 247, 251–253, 267, 303
plasma controllability 643–644
plasma cutting 10, 408–409
plasma decontamination 515–516, 593, 616, 694

energy cost of 516
plasma, defined 3, 86
plasma degradation of organic contaminants 515–516
plasma densification 416
plasma dentistry 690–691, 695
plasma dermatology

clinical trials 687–688
cosmetics 688–690
dental health 691–693
enhancing adhesive qualities 693–694
implant surface, modification of 693–694
inflammatory dysfunctions and infections 695–697
nonthermal plasma 694–695
polymerization 693, 694
surface coating 693, 694

plasma display panel (PDP) 502
plasma-dynamic heating 501
plasma electrons 9

conductivity 78–80
entropy 72

plasma-enhanced chemical vapor deposition (PECVD)
442, 445

of silicon nitride (Si3N4) films 446–447
of silicon oxide (SiO2) films 446–447

plasma equilibrium 170
in magnetic field 152–153

plasma etching 431–432
of aluminum 440
carbon deposition 438–439
in CF4 discharges 438–439
high-density plasma (HDP) sources 434–435
ion-energy driven etching 433–434
ion-enhanced inhibitor etching 433–434
MERIE 434–435
of photoresist 440
pure chemical etching 433–434
reactive ion etchers (RIE) sources 434–435
RF-CCP discharges 434–435
RF-diodes and triodes 434–435
of silicon nitride (Si3N4) 439–440
of silicon oxide (SiO2) 439–440

plasma fabrication of nanocomposites 425
plasma flow control 493–494
plasma frequency 137–138, 141–143, 145, 148, 157, 195,

257, 267, 273, 324, 449
plasma gasification 116–117, 407, 466
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plasma-gas lasers
on self-limited transitions 497–498

plasma generation of ozone 10
plasma-generated acidity 582
plasma-generated active 9, 441, 455, 481, 485, 486, 509,

517, 552, 554, 597, 601, 652–654, 676
plasma-generated excited species 485
plasma-generated ions 483
plasma-generated neutrals 485
plasma-generated photons 9
plasma-generated UV-radiation 600, 601
plasma heat transfer 117–118
plasma He–Cd lasers 498
plasma hydroponics 14, 612–614
plasma-immersion ion implantation (PIII) 449–451
plasma inactivation of microorganisms 588–589, 604,

607
plasma-induced apoptosis 594
plasma-induced cleaning 517–518
plasma-induced electroporation 585
plasma-induced growing plant 613
plasma-induced intracellular ROS 582
plasma-induced killing of microorganisms 604
plasma-induced mechanisms 516, 522
plasma-induced NO-therapy 671–675, 691

of post-operative wounds 674
plasma-induced removal, mechanism of 514
plasma-induced sterilization of anthrax spores 604
plasma-induced tissue ablation 12
plasma-induced water disinfection and sterilization 599,

601–603
plasma-induced water softening 516–517, 522
plasma-initiated graft polymerization 548
plasma-initiated polymerization of methyl methacrylate

(MMA) 547
plasma interaction 169, 170

effects 491–493
nonthermal 567–858

plasma-ion frequency 139, 273, 319
plasma ions 9, 40, 120, 436, 451, 621, 623,

683
plasma jets, discharges 642–643
plasma lasers 498

inversion in plasma recombination 498–499
using electronic transitions 499

plasma-like phenomena 331, 333
plasma-medical devices 658–659, 665, 669, 678–680
plasma-medical effects 571, 639–663
plasma-medical plazon healing

of ulcers 671–673
plasma-metallurgical reduction 391
plasma medical DBD treatment 660, 662

plasma medical treatments, dosimetry of 659–661
plasma medicine 11

discharges in 642–643
prehistory 639, 640

plasma melting 408–409
plasma metamaterials 496–497
plasma mimicking photosynthesis 539
plasma misting 623–627, 636
plasma modification of wettability of polymer surfaces

554–555
plasma nanotechnology 425, 427–429, 718
plasma needle 309, 594, 692
plasma nitrogenation of polyester webs 553
plasma nitrogenation of polymer surfaces 553
plasma nonequilibrium 5–6, 158–160, 394–396
plasma oncology 688, 711–712
plasma orthopedics 705–706, 715
plasma oxidation 446, 468, 516

mechanism of 509–510
plasma ozone generators 379
plasma partial oxidation 461–462
plasma pharmacology 579, 607, 645, 646

gels for medical purposes 646–648
plasma activated lactate solution (PAL) 646–648
use of plasma activated biological media (PAM)

646–648
plasma phase 256–260, 262, 584
plasma polymer treatment 550–552, 554, 706
plasma polymerization

kinetics 546–547, 564
mechanisms of 545–565

plasma-polymerized thin films 549–550
plasma postprocessing 462, 463
plasma powder metallurgy 409–410
plasma power electronics 494–496
plasma preprocessing 462, 463
plasma processes 9, 10

high selectivity of 10
mechanism of 17
minimization of electric energy cost 13

plasma radiolysis 311–330, 354
plasma-radiolytic effects 328
plasma recombination 498–499
plasma-related electric fields 10
plasma replacement 462
plasma sheath 5, 136–137, 262, 263, 436, 437, 445
plasma sheath models 136–137
plasma skin effect 138
plasma sources 6–7

atmospheric pressure 567, 610, 627
helicon 273, 435

plasma spheroidization 409–410
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plasma spray
air 411–413
approaches 411–413
of powders 411

plasma sterilization 589, 649
ion bombardment 604
nonoxidative 629

plasma-stimulated waste-to-energy 462
plasma technologies 10, 13

production 10
spraying of powders 10

plasma temperature, in thermal arcs 231, 233
plasma thermionic converters 494–496
plasma thrusters

classification of 489–490
using quasi-neutral plasma 489

plasma torches 236, 249, 413
plasma-toxicity animal model test 650
plasma-treated aqueous media 646
plasma-treated gas-separating polymer membranes

563–565
plasma treatment 10

of polymer surfaces 550–551
of textiles 557–558
of wool 556–557

plasma treatment effect
physical properties of 632–635

plasma-treatment of polymers, aging effect 554
plasma treatment unit (PTU) 661, 663
plasma TV 3, 7, 11, 308, 502
plasma uniformity 643–645, 652
plasma-water acidity 620, 621
plasma-water misting approach 619
plasma water softening 517
plasma water spraying approach 619
plasma water sterilization 601–602
plasma welding 408–409
plastids 571
plazon system 669, 671, 674, 685, 687, 695
Poisson’s equation 133, 134, 137, 226
Polanyi–Semenov rule 64, 66
polar and dispersion 556
polar dissociation 31–32
polarization collisions 37–38
poly-and perfluoroalkyl substances (PFAS) 518

abatement 518
destruction 520
mineralization 519–521
plasma abatement of 521
plasma cleaning of soil from 521
treatment technologies 518

polyatomic molecules, vibrational kinetics of 96, 99

polyethylene terephthalate (PET) 553, 554, 558
polymer macroparticles 545, 548–549
polymer scaffolds 703–705
polyphosphoric nitrides (P6N6) 385–386
ponderomotive electrostriction effect 339
positive and negative ions effects 581
positive column 198, 199, 228–231

of arc discharges 228–231
positive corona 278, 280, 281, 380, 381
positive ions, charged particles 17
post-operative

hypertrophic and keloid scars 675
wounds 674

postprocessing effects 462, 463
Potapkin’s rule 352
potential electron emission induced 224
powders densification 409–410
predissociation 49
pre-sheath 135, 136
pressure broadening 126–127, 131
pressure ulcers 667, 668, 678
production of aluminum 394, 397–400
production of boron 400–401
production of germanium 397–400
production of indium 397–400
production of niobium 400–401
production of silicon 397–400
production of silicon monoxide (SiO) 400
production of uranium 400–401, 406, 410
production of vanadium 397–400
programmed cell death 594
prokaryotic cells 568, 569
proliferative phase, wound healing 665
protein activity 684–685
pulse breakdown, of aerosols 315
pulsed arc 331, 332
pulse energy 284, 287–289, 500, 600
pulsed arc in water 333
pulsed commutation devices 496
pulsed corona discharges 250, 280–282, 331, 508

ozone generation in 379–381
pulsed-corona-enhanced dry ESP 514
pulsed coronas 6

acetone from air 510
methanol from air 510
in water 333–334

pulsed DBD, stages of 285
pulsed discharges 5, 189, 287–289, 331, 333, 334, 337, 340,

342, 380, 481, 492, 493, 500, 603
pulsed electric fields 599–600
pulsed microwave discharge 354, 367, 458, 461, 462
pulsed plasma discharges 601
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pulsed plasma thrusters 490–491
pulsed spark discharge system 602–604
pulsed spark in water 333
pulverized coal 487
pure chemical etching 433–434, 437, 438, 440, 441, 452
pure chemical isotropic silicon etching 438
pyoinflammatory diseases 673
pyonecrotic form 674
pyro-graphite formation 529

q
quantum mechanical effect 39
quantum mechanics 22, 53, 57, 99
quantum yield 224, 552
quasi-elastic energy transfer 46
quasi-equilibrium Maxwell distribution 72
quasi-equilibrium Maxwellian EEDF 71–72
quasi-equilibrium plasmas

energy efficiency 345
quasi-neutral plasma vs. sheath 134–136
quasi-neutral regime 316, 317
quasi-neutral zone 225
quasi-self-sustained streamers 182
quasi-static approximation 127
quasi-stationary inversion mechanisms 497
quenching 345

absolute 348–351
phase 348, 385, 535

r
radiation intensity 123, 125, 129, 130, 598
radiation transfer 111–131, 189

equation 129–130
radiation yield

of CO2 dissociation 328
radiative deactivation 497–498
radiative electron–ion recombination 28

emission 120–121
radiative heating 501
radical shower approach 507, 510
radioactive dusty plasma 328–329
radio frequency (RF) thermal plasma sprays 413, 429
Raizer Channel Models 230, 231
Ramsauer effect 77, 80
ram/scram jet engines 486–487
Rayleigh instability 623
Rayleigh–Jeans formula 113
reabsorption of radiation 123
reaction rate coefficient 19, 20, 26, 27, 31, 41, 99, 100, 350,

525, 530, 597, 598
reactive ion etcher (RIE) 434–435

sources 434–435

reactive ion etching 9
reactive nitrogen species (RNS) 9, 306, 574–576, 665, 685
reactive oxygen species (ROS) 9, 306, 506, 570, 574–576,

665, 694, 703, 705, 708, 709
reactive plasma spray forming 416–417
reactive species, plasma-generated 574
reactive sputter deposition 448
reactive sputtering 447–448
reduced electric field, and electron temperature 78
reduction-type thiol compound 611
refractive index 144, 145, 252, 497, 703
regenerative thermal oxidation (RTO) systems 509, 510
relativistic electron beams 24, 25, 320, 345, 367, 505–507,

521
relativistic electrons 25, 320, 328–329, 500
relaxation dynamic equations 165
relaxation factor 347, 373
remote plane 277
remote plasma sources (RPSs) 440, 441, 600
renewable biomass 461–462
repulsive Coulomb force 33
resistance of plasma-polymerized films 550
resistive barrier discharge (RBD) 291, 292
resonant charge exchange 38
resonant charge transfer 38–40
return stroke 305
reverse isotopic effect 104, 105
reverse transferred arc (RTA) 412
reverse-vortex stabilization 241, 242, 250
reverse vortex (tornado) flow 7, 8, 241–243, 250, 456, 632,

718
RF CCP discharges 249, 250, 434, 435

asymmetric 264–267
𝛼-and 𝛾-discharge regimes 258–261
fundamentals of 255–258
low pressure 261–264
magnetron 264–267
moderate pressure of 258–261
sources of 254–255

RF diodes 434–435
RF ICP discharges 249, 250

helical resonator configuration 268–270
nonthermal 267–268
planar configuration 268–270
sources of 254–255

RF magnetron discharges 265
RF magnetron effect 265
RF microdischarges 309
RF triodes 435
ribosomes 570
right-hand-side circular polarization 157
Ringer’s lactate solution 647, 662
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ROS/RNS penetration 654, 655
rotational excitation

molecules by electron impact 46
rotationally excited molecules 106–107
rotational relaxation processes 62, 69
Russian doll 428
Rutherford formula 22
Rydberg constant 47, 323

s
Sabo method 64
Saha equation 112–114, 122, 130, 230, 248, 251
Saha ionization degree 189–190
Salmonella 572, 615, 616
sarcoma 706
SARS-CoV-2 coronavirus 590–592, 597
scaling up processes 13
Schottky effect 220–225
Schottky relation 222
scramjet flow 494
scrapie 593
second messengers 576
secondary electron-electron emission 224
secondary electron emission coefficient 175, 203, 224,

260, 292, 315, 329
secondary electron emissions 224
secondary ion-electron emission 224
seed germination 607, 609–12
seed growth 609–611
seedling growth 610–612
seeds, plasma treatment of 610
seeds sterilization 608–609
seed’s water uptake 611
segmented wall-stabilized arc 234
selective anticancer behavior of plasma 572, 585
selective permeability for different gases 549
selectivity of gas-separating polymer membranes

560, 565
self-inductance effect 240
self-limited transitions 497–498
self-pulsing positive corona discharge 281
self-sustained discharges 197
shadow imaging 337–338, 340
Shchuryak model 60
sheath, defined 134–136
shockwave propagation 492
shock waves 67, 68, 161–164, 169, 171, 282, 303, 305, 306,

332, 337, 362, 491, 493
short-lifetime resonances 44
short-pulsed DBD 287–289, 590
shrink resistance 556
silent discharges 282

silicon etching
by Cl atoms 438

silicon nitride (Si3N4) 404, 439, 440, 443, 446, 447
silicon oxide (SiO2) 439–440, 446–447
siloxane membranes 560
similarity parameters 80–81, 86, 176, 203
simple binary collision 32
single excited state approach 116–117
single-stranded DNA breaks 583
single-wall carbon nanotubes 427
single wire and parallel plane 277
singlet oxygen 1O2 575
skin effect 138, 197, 248, 249, 298, 300, 324
skin layer 138, 151, 246–249, 267–269, 300, 301
sliding discharges 290, 493
sliding surface corona 290
sliding surface spark 290
slow reaction limit 100, 108
smear layer 691
S-nitrosylated NAC (SNAC) formation 629
SO2 exhaust gas cleaning 505–506
softer UV radiation 552
solar keratosis 710
soliton 146–150
solubility of plasma-polymerized films 549
Sommerfeld formula 220–222, 243
soot oil number 529
soot production 425, 529, 530, 543
space-charge-limited current 136
space charge phase 256, 260
spark breakdown 179–184, 644
spark discharges 7, 303, 304

lightning 304–305
system 605

spatial nonuniformity 167–168
specific energy input 347
specific erosion 227
specific power 164, 189, 209–213, 218, 231–233, 237, 239,

240, 248, 249, 298, 301, 305, 380, 545, 546
spectral emissivity of line 128
spectral line

emission and absorption of 120–121
Gaussian profile 126
half-width 125
Lorentz profile 125
natural width 125
profile of 125
radiation intensity of 125
radiation transfer in 129–130
selective absorption of radiation 128–129
Voigt profile of 128

spectral line radiation 124–125
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sphere of radius 277
spillover effect 40
splats 411, 414
spray corona 282, 511
spray pulsed coronas 511
SPS 340, 411–413
sputter deposition 447–448
sputtering process 433
squamous cell carcinoma 710
Stark broadening 126–128
Stark effect 126–128
static limit 143
stationary thruster 491
statistical theory of chemical reactions 66
steady-state DC discharges 316–317
steam–air conversion 461, 462
steam-reforming

of liquid fuels 461–462
of methane 458

Steenbeck Channel Models 230
Steenbeck minimum power principle 204–206, 213
Stefan–Boltzmann formula 123
Stefan–Boltzmann law 112–114, 123
stem cells

and tissue regeneration 705–706
stepwise ionization 20, 23–24, 28, 41, 195, 197, 210, 211,

237
instability 195

sterilization 587
or plasma disinfection 615
processes, mechanisms, and kinetics 589

stochastic heating 267, 274, 517, 522
stochastic heating effect 262, 274
stoichiometric hydrogen–oxygen mixture 484
Stokes theorem 152
Stoletov constant 177
streamer propagation models 182–184
striation instability 190–191
striations 190–191, 211–213
stripping 440
strong field domain 195
strong shocks, in plasma 161, 171
strongly nonequilibrium system 10, 369
sub-glow discharge 201
sub-lethal plasma effect on bacterial cells 593–594
sub-micro pores and cracks 335
subnormal glow discharge 206–207
subplantation 542
subthreshold ignition 484–486
subthreshold plasma-stimulated ignition 484
subthreshold volumetric ignition 484
sulfur clusterization process 472–473

sulfur-containing compounds 465–466
sulfuric acid electrolyte 418–420
sulfur oxide dissociation 386
supercritical fluids, plasmas in 341
superelastic collisions 18, 48, 50–51, 77, 381
super-ideal quenching 348–351, 354–355, 365, 385–386,

393, 399, 477, 534–536
superoxide dismutase (SOD) 575, 621
superoxide O2

– 574–575
super-small particle generation 422–424
supersonic combustion ram (SCRAM) engines 481, 486
supersonic diffuser 164
supersonic speeds 470, 492
surer-ideal quenching 348–351
surface etching kinetics 436
surface heating

macro-particle 395
nonequilibrium 395

surface-imaging dry development 440
surface ionization 20, 197, 294, 489
surface recombination 26, 184–187
surface tension, of water 633
surface-wave discharges 273
surface-wave high-density plasma (HDP) discharges

272–274
surgical oncology 674
surgical wounds 666–667
switches and communication devices 496
symmetrical exchange reactions 56, 376
synchrotron sources 500
syngas, defined 538
systemic tumor-specific immunity 712–713

t
tetrafluoroethylene (C2F4) 535, 555
tetrafluoromethane (CF4) 535
thermal arc plasma 428
thermal barrier coatings (TBCs) 414, 416
thermal breakdown

of dielectrics 420
instability 333
of liquids 332

thermal conductivity, one-component gas 117–118
thermal decomposition 404–405, 466, 472–473, 478, 545

of water vapor 349
thermal force 415, 490
thermal ICP discharge

minimum solenoid current 249
plasma temperature 248–249
power of 248–249

thermal ignition mechanism 481
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thermal instability 171, 190–194, 196, 210, 239, 292, 307,
332, 419, 420

thermal ionization 23, 187, 193, 225, 300, 303, 310,
313–314, 329, 420

thermal mode 168, 192, 193
thermal plasmas 5

cauterization devices 679–680
in continuous optical discharges 253–254
dissociation 387–388, 428
fluidized beds 397
induced tissue ablation 12
large-scale applications of 10
light sources 501
reduction 393–394, 401
SiO2 decomposition in 400
sources 500–502

thermal plasma jets 236, 417, 463–464, 466, 515, 534
thermal plasma pyrolysis

of coal 464–446
of higher hydrocarbons 526–527
of hydrocarbons 527–528
of low-quality soot 529
of methane 525–526
soot and hydrogen production 529
volatile compounds of 464

thermal plasma sprays
of ceramics 414
of composite materials 414–416
of functionally gradient materials 416–417
of metals 414
of monolithic materials 413–414
radio frequency 413

thermal (quasi-equilibrium) discharges 197
thermal stability

of ozone 377–378
thermal warm discharges 514–515
thermionic and field emission 219, 223, 224, 316
thermionic converters 494–496
thermionic emission 219, 220–222, 224–227, 234, 243, 494
thermionic field emission 219, 222, 224, 227
thermodynamic equilibrium 3, 5, 23, 111–112, 197, 250,

406, 459, 473, 528, 567
thermodynamic probability 111
thermo-electronic converters 494
thin polymer surface layers 550
Thomson formula 22–23, 41, 42
Thomson theory 35
three-body electron attachment 30, 31, 506
three-body electron–ion recombination 28, 30, 113
tissue regeneration 578, 579, 665, 670, 672, 675, 715

stem cells and 705–706
toluene (C7H8) 457

tornado flow 7, 8, 241–243, 456
total emissivity coefficient 123, 124
total energy efficiency 298, 346–347, 349, 373, 478
total energy losses 101
total plasma absorption coefficient 122
total probability

of nonadiabatic NO synthesis 370
total wave reflection 145
Townsend breakdown mechanism 175–176, 178, 278
Townsend breakdown of aerosols 316
Townsend dark discharge 200–203
Townsend ionization coefficient 175
Townsend uniform breakdown criterion 176
transformer HDP etchers 435
transitional plasmas 7, 297
transitional warm discharges 514–515
transitional warm plasmas 297
transition state theory 63
transonic and supersonic ignition 486–487
transparent or optically thin 123
transpiration-stabilized arcs 235
transverse instability 210
Treanor distribution 92–93, 95, 96, 98, 103, 109, 117, 119,

130, 499
Treanor effect 93, 94, 96, 98, 99, 103, 104, 109, 119–120,

130, 131, 358, 362, 499
in energy transfer 119–120

Treanor factor 372
Treanor formula

for isotopic mixture 103
Treanor isotopic effect 102–105
Trichel pulses 281
triode configuration 450, 451
trophic ulcer area

dynamics of decrease 672
wound discharge from 672

TUNEL assay 708
tungsten oxide 392, 393
2D Coulomb crystals 284, 329
two-temperature approximation 359
two-temperature statistics

and thermodynamics 115–116
of vibrationally excited molecules 117

two vibrationally excited molecules 67, 90

u
ulcerous tissues

plasma-medical plazon healing of 671–673
treatment of 672

underwater plasma sprays (UPS) 411–413, 429
uniform atmospheric pressure DBD glow 287, 644
uniform DBD mode 284–285, 287
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Unsold–Kramers formula 122
uranium hexafluoride 402, 410
UV radiation, plasma-generated 599–600

v
vacuoles 569, 570
vacuum arcs 220
valence electron 21, 22
venous ulceration 668
viable-but-not-culturable (VBNC) 594, 595, 604
vibrational and translational energy 67–68
vibrational energy

distribution 89
in nonequilibrium plasma 119–120

vibrational excitation 9, 43–45
direct effect of 96
effect of saturation 381
effect of superelastic collisions 51
evolution of electronic excitation 381
exclusive contribution of discharge energy to 50–51
of molecules 346, 355
rate coefficients of 45–46, 69

vibrational kinetics 61, 89, 92, 96, 102–105, 358–360, 372
reverse isotopic effect in 104

vibrational mode 60, 61, 98, 168, 171, 192, 193, 355–359,
365, 485, 492

quasi-equilibrium of 359
vibrational quasi-continuum 59–61, 69, 98, 357–359, 365
vibrational–rotational transitions 499–500
vibrational temperature, EEDF high-energy tail 77
vibrational-to-translational energy transfer 52–56, 69
vibronic terms 64, 370, 372
vibronic transition 55
vinyl chloride production 527–528, 534
viral skin disease 687
viscosity, of PAW 633
Vlasov equation 71–72
Voigt profile 128
volatile compounds 464–466, 478

formation 464
volatile organic compounds (VOCs) 509, 510

hydrocarbons 509
removal of 609

voltaic arc 220
vortex-stabilized arcs 235, 635
VPS 411–413
VPS/LPPS plasma spray systems 412
VT-relaxation 52

of anharmonic oscillators 54
energy-space-diffusion to 89–90
fast heterogeneous 56, 69
fast nonadiabatic mechanisms of 55

intermediate formation 56
losses from high vibrational levels 101–102
losses from low vibrational levels 101
in molecular collisions 55–56
of polyatomic molecules 60, 61
rate coefficients 53–54, 69
slow adiabatic 52–53
in symmetrical exchange reactions 56
total energy losses to 101

VV-exchange process 357
energy-space-diffusion to 90–91
hyperbolic plateau distribution 94
of polyatomic molecules 61
Treanor distribution 92–93
vibrational energy losses 102

VV-relaxation
of anharmonic oscillators 58
close to resonant 56–57
intermolecular 58–59, 69

w
wall stabilized arc 228, 234–235
wall-stabilized linear arcs 234
warm plasma discharges 468, 637, 675–676
warm plasmas 7, 297, 521, 688
warts, plasma treatment of 687
water breakdown 332, 342
water channels 572
water chemistry changes 613
water vapor dissociation 475, 476
water vapor radiolysis 328
weak field domain 195
weakly ionized plasma 4, 5, 82, 180, 216
weak shock waves 161
Westinghouse plasma process 526
Westinghouse process 525–526, 542
wet corona 282, 511, 512
wet pulsed coronas 511
wet scrubbing 511–512
wettability

of plasma-polymerized films 549–550
significant improvement of 441

whistler waves 273
whole blood viscosity (WBV) 700–702, 715
Wien formula 113
Winchester mechanism 459–461
wood processing plants 509–512
work function dependence, charge 311, 313
wound discharge

from trophic ulcers 672
wound healing 665

in clinical studies 678
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factors affecting 666
in medical market 679
nitric oxide generation 668–669
pin-to-hole (PHD) microdischarge 675–676
of pyoinflammatory diseases 673
skin damage and 665
in ulcerations 679

wound infection/colonization 666
wound tissues 669–671, 673, 695
wound treatment 669–670, 676, 679, 680, 685–686

x
xenon fluorides synthesis 382

z
zebra ignition 482
Zeldovich mechanism 346, 368, 369, 372, 534, 668
Zeldovich reaction 369–373
zero kinetic order 464
zigzag orientation 427












