
415

Index

a
abrasion 213
absorbance mode 400
absorption wavelength 401
acetylene formation 263, 280
acid–base interactions 15, 48–50
acid chlorides 137
acrylic acid 105, 323, 325, 341
plasma polymerization with 303

acrylonitrile-butadiene-styrene (ABS)
copolymers 20

chromic acid treatment of 21
interdiffusion of metal into 25

addition reaction 343
adhesion
defined 13
mechanism of 14
phenomena, interpretation of 13–72
of polymers 13
-promoting plasma copolymers 6
theory 1

adhesion promotion 287, 361
of thick layers 289

adhesion-promoting effect
of aliphatic diol spacers 358

adhesion-promoting polymer layers
259–290

abnormal side-reactions 278–281
historical development of 261–263
plasma polymerization, mechanisms

of 275–278
plasma polymers, structure of

281–286
plasma pulsed polymerization 267

plasma wattage influence in chemical
structure 263–265

pressure-pulsed plasma 267–271
pulsed plasma copolymerization

271–274
adhesives 59–69
alanine 347
aliphatic chains
bromination of 306
chemical bonds reaction during

pretreatment 119–121
aliphatic layers 412
aliphatics
chlorination of 317

aliphatic spacers 337
and adhesion strength of Al layers

337
peel strength of 339

alkaline alkoxides 344
alkanes
bromination of 306

alkyl halides 151
allophanate groups, formation of 63
allyl alcohol 324, 341, 346
plasma polymerization with 303

allylamine 325, 338, 341
plasma polymerization with 303

allyl bromide 319
plasma deposition of 303, 312,

314
plasma polymerization of 324

Al-polyethylene system
adhesion improvement of 337

Al-polyolefin 366–367

Metal–Polymer Systems: Interface Design and Chemical Bonding, First Edition. Jörg Friedrich.
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Al-polypropylene laminates
peel strengths of 339, 340

alumina
acid–base interactions 49

aluminum alkoxide 344
aluminum carbide 367
aluminum diacetate 357
aluminum layers
adhesion strength of 337

amines
and spacer/oligomer grafting 348

amino groups
formation by ESI 325
formation by plasma bromination

325
formation by plasma polymerization

325
metal atoms reaction with, on

polymer surfaces 105
3-aminopropyltriethoxysilane (APTES)

59
3-aminopropyltrimethoxysilane 381,

383
aminosilanes 125, 346, 367, 375, 377,

381
ammonia 325
ammonia plasma 300, 320
ammonia plasma exposure 140
anchoring groups 368
anisotropic nuclear magnetic

interactions 402
anisotropic orientation loss of polymers

34–35
ARGET–ATRP reaction 151
aromatic polyesters, synthesis of 66
aromatic polymers
reaction with transition metals

32–34
aromatics 398
atactic polymers
chemical bonds in 116

atmospheric dielectric barrier discharge
201

atmospheric pressure glow discharges
(APGDs) 201, 288

atmospheric-pressure plasma chemical
ionization (APCI) 91

atmospheric-pressure plasmas, surface
oxidation by 201–203

atom transfer radical polymerization
(ATRP) 145, 150–151, 351

atomic layer deposition (ALD) 90
atomic polymerization 263, 278
ATR, see attenuated total reflectance

413
ATR method, see attenuated total

reflectance method 407
attenuated total reflectance infrared

spectroscopy 199, 363, 407, 413
auto-oxidation reactions 300
azide group
formation by plasma bromination

325
azo-bis-isobutyronitrile 306
azomethine 57

b
benzoylperoxide 306
B2H6 303, 324
bidentate bonding 372
binding energies, of carbon bonds

408–409
biphenol A
synthesis of diglycidylether of 60

boehmite 367
bond dissociation energies 364, 366
bond scissions 301
Br2 plasma
bromination of polyolefin surface by

exposure to, 305–309
bromination 146–147, 301, 323, 324
amino group formation by 325
azide group formation by 325
bromoform as precursor 309–312
deposition of plasma polymers

carrying C-Br groups 312–313
nitrile group formation by 324
plasma 159, 175, 301
plasma chemical 305
polymer surface 19
of polyolefins 303
of polyolefin surface by exposure to

Br2 plasma 305–309
to produce OH groups 346
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proposed mechanisms 307
bromine (Br2)
derivatization of C-radicals 345
groups, loss in wet-chemical

processing 313–314
introduction onto polyolefins surfaces

323–324
bromoform (CHBr3) 305, 312, 315,

316, 319
molecule, dissociation of 309
plasma, electron energy in 317
plasma exposed 303
as precursor 309–312

bromotrichloromethane 315, 316
brush regime 152
bulk analysis 395–406
butadiene
Near-Edge X-ray Absorption

Spectroscopy (NEXAFS) 284
n-butylamine 306
tert-butylbromide 312

c
captive bubble method 40
carbon bonds
binding energies of 408–409

carbon–metal bonds, at interface
123–126

carboxylic groups 325
as crosslinked polymer coating 325
fixation onto polymer surfaces 325
at polymer surfaces 143–146
thin film coating of 325

5-carboxy-X-rhodamine (ROX) 156
5-carboxytetramethylrhodamine

(TAMRA) 156
casing (crosslinking by activated species

of inert gases) 37, 185, 192,
225–226, 332

C-Br bonds
alkaline hydrolysis of 324
and bromination 307, 309
monotype surface functionalization

301, 303, 305
C-Br groups 319, 321, 323
as anchoring point for grafting

319–323

bromination 310–311
deposition of plasma polymers

carrying 312–313
functionalization, changing into NH2

functionalization 319–321
grafting of spacers and oligomers by

reaction with 347–349, 352
grafting onto 322–323
hydrolosis of 321
loss during wet-chemical processing

313–314
C–C bonds
aromatic bonds 116–117
conjugated bonds 116–117
covalent, in polymers 113–116
double bonds 116117
triple bonds 116–117

ceiling temperature 276
chain length
effect on peel strength 339, 340

chain propagation 266
chain scissions 303
plasma interaction with polyolefins

299
C–H bonds
and bromination 306
covalent, in polymers 113–116

chemical bonds 113–130
at interface 122–130
in polymers 113–119
reactions during pretreatment

119–122
chemical contribution to polymer

surface bromination 307–309
chemical etching, polymer roughening

by 21
chemical fluorination
monosort functional groups 303

chemical graft reactions 299, 301, 303,
305, 369

chemical grafting 275
chemical grafting, onto monosort

functionalized polyolefin
surfaces 6, 7, 337–344

grafting of spacers and oligomers by
reaction with C–Br groups
347–349
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chemical grafting, onto monosort
functionalized polyolefin
surfaces (contd.)

grafting of spacers and oligomers by
reaction with C–OH groups
346–347

grafting of spacers onto radicals
344–346

grafting via click reaction 350–351
influence of spacers on metal-polymer

adhesion 351–352
introduction of spacers with siloxane

cages 349–350
chemical radical chain growth

polymerization 275
chemical shifts, in organic compounds

402
chemical vapor deposition (CVD) 90
plasma-enhanced 90

chemisorption 15, 92–97
chlorination
and monosort functional groups

315–317
chloroform 315, 316, 309
chromatography 405
chromic acid 303
chemical treatment by 218–220

chromium
coordinative bonds of 58
interaction with poly (2,6-dimethy-

1,4-phenylene oxide) 33–34
chromo-sulfuric acid, chemical

treatment by 218–220
click chemistry 148–150, 321, 325
click reaction
grafting via 350–351

C NMR 401
coating
polymer as 92

C=O bonds 117–118
C–O bonds 117–118
cohesive failure 337, 338, 351, 352
cohesive forces 38–52
C–OH groups
grafting of spacers and oligomers by

reaction with 346–347
cold flow 366

co-monomer fragmentation 275
composites 89–90
condensation reaction 343
contact angle
advancing and receding 42–43
hysteresis 42–43
measurement, weak molecular

interactions 39–42
continuous-wave (cw) plasma

polymerization 265
conventional chemical

copolymerization 273
conventional chemical polymerization

290
COOH groups
and adhesion 337, 339

copolymerization 290
graft 344, 346
parameters 274
plasma-initiated 323, 332

copper–polyimide interactions 32
core level lines 408
Coulomb explosion 404
coupling agents 55–59
coupling methods 405
covalent bond
between polymer and organic coating

16, 17
dissociation enthalpies 18

covalent bonding 360, 363, 385
covalent metal-polymer bonds
protection of 367–368

covalent metal-polymer bonds 367
C radical sites 300, 304
creep behavior 366
cresols 65
critical surface tension 44–46
cryogenic blasting 214
cucurbituril jacket
covalent linking of spacer bonded

dye-sensors onto polyolefin
surfaces 155–156

cyanoacrylates 59
cyclehexane
bromination of 306

cyclic-olefin copolymers (COC) 151
cysteine 347
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d
Debye force 38
dendrimers
and peel strength 339

density
functional groups, variation of 332

deposition rates 268, 270
detectors 406
diacrylic acid ester 59
diblock copolymers, for interface

adhesion promotion 23
diborane 324
dielectric barrier discharges (DBDs)

201
dielectric relaxation spectroscopy (DRS)

285
diffusion rate, water 363
dihydroxybenzene 65
diiodomethane 317
diisocyanates 346
dimethylformamide (DMF) 313, 314
diols 348
diphenylpicrylhydrazil (DPPH) 261,

345
dissociation energies in polyolefins

400
duty cycle (“dc”) 265
dynamic secondary ion mass

spectrometry (DSIMS) 24, 407,
410

e
electron beam evaporation 352
electron energy distribution
in selective reactions in plasma 300

electron energy distribution function
(EEDF) 281

electron spectroscopy for chemical
analysis (ESCA) 395

electron spin resonance (ESR)
spectroscopy 345

electron systems 401
electron temperature
in haloform plasmas, measuring

317–318
electrophilic substitution by bromine

306

electrospray ionization (ESI) 91, 135,
159, 175, 261, 303, 324, 325, 332,
369

amino group formation by 325
deposition 259, 290

electrospray-ionization
(ESI)-time-of-flight mass
spectrometry (ESI-ToF-MS)
404–405

electrostatic attraction 52–54
elemental bromine
bromination with 303, 305, 306,

308, 310, 311
elemental iodine 310
endothermic dehydrogenation 278
energy gain 276
entanglement model 25
enthalpy
bromination 301, 306–309, 311, 312

entropy
bromination 308

epoxy resin adhesives 60–61
Equation of State (EQS) 52
equilibrium reactions 276
ESCA, see electron spectroscopy for

chemical analysis 395
ESI-ToF-MS, see electrospray-ionization

(ESI)-time-of-flight mass
spectrometry 404

ethane 308
ethyl acetate 215
ethylene
near-edge X-ray absorption

spectroscopy (NEXAFS) 284
XPS valence band spectrum of 282

ethylenediamine (EDA) 321
ethylene glycol grafting 387
EUV, see extreme UV 401
exotic reactions, plasmas 281
extreme UV (EUV) 401

f
FFF, see field flow fractionation 405
Fick´s laws 70
field flow fractionation (FFF) 405
of polymers 406
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film deposition, sputtering for
223–224

Finkelstein reaction 310, 317
flame-retardation 311
flame treatment 204–205
flexibilization 337, 342, 343, 349
fluorescein 156
fluorescence radiation 400
fluorination
and monosort functional groups

317
fluorine 348
fluorine-containing polymers, chemical

etching and functionalizing of
220–221

fluoroform (CHF3) 317
and bromination 309, 311

formaldehyde 26
formaldehyde–phenol interaction 64
formic acid 137
Fourier-transform infrared attenuated

total reflectance (FTIR-ATR)
400, 406

Franck–Condon principle 401
free radical polymerization 277
friction welding 25
FTIR-ATR, see Fourier-Transform

InfraRed Attenuated Total
Reflectance 406

functional groups, at polymer surface
135–165

atom transfer radical polymerization
150–151

bromination 146–147
carboxylic groups 143–146
click chemistry 148, 150
grafting 152–162
molecular entanglement of

macromolecules of coating and
substrate 165

OH groups 135–140
polymers deposited onto silicon or

glass 162
primary amino groups 140–143
silane bonds 147–148

functional groups to polyolefin surfaces
184

g
gel permeation chromatography (GPC)

198
polymer degradation by oxygen

plasma exposure 192
glass
polymers deposited onto 162

glow discharge electrolysis (GDE)
323

glues 59–69
glutaraldehyde (GAH) 347, 373
reaction with amino groups, on

polymer surfaces 105
glycidelethers
curing of 60

gradient layers 332
graft copolymerization 122, 304, 368
graft density 359
grafting 152–162, 185
complex molecules grafted onto

polyolefin surfaces 159,
161–162

covalent linking of spacer bonded
dye-sensors onto polyolefin
surfaces 154–156

of fluorescence markers onto
functional groups at polyolefin
surfaces 153–154

“grafting-from” approach 152
“grafting-to” approach 152
of polyglycerols onto polyolefin

surfaces 156–159
graphene
chemical bonds in 119

grinding 213
G-values 263

h
haloform plasmas
measuring electron temperature in

317–318
halogenations 306, 307, 309, 314–319
halogen bonds
dissociation enthalpies 18

Hartree–Fock molecular orbital method
(HFMO) 104

Heitler-London forces 38, 115
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helium plasma 332
Hess rule 308
hexamethyldisiloxane (HMDSO) 289
hexamethylene diisiocyanate (HDI)

138
hexamethylenetetramine 64
high density polyethylene (HDPE) 306
high-energy tail of electron energy

distribution function 300
high-performance metal polymer

composites 1–10
adhesion-promoting plasma polymers

6
chemical grafting onto monosort

functionalized polyolefin
surfaces 6–7

comparison of interactions at
interface 1–4

covalent bonds between polymer and
polymer surfaces 4–5

functional groups onto polyolefin
surfaces 5–6

monosort functional groups at
polymer surfaces 6

new interface design 7–9
high-resolution electron energy loss

spectroscopy (HREELS) 407
high-resolution spectra 403
H-NMR of polymers 401
homopolymerization 345, 346
HREELS, see High-Resolution Electron

Energy Loss Spectroscopy 407
humidity
role in adhesion 54–55

hydrogen bonds 115, 396
hydroperoxides
and graft polymerization 346

hydrophobic molecules, grafting of
352

hydrophobic recovery 70–72, 289
hydroxyethyl methacrylate (HEMA)

324

i
indium tin oxide (ITO) 26
inelastic electron tunneling

spectroscopy (IETS) 98

information depth 406–407
infrared reflexion absorption

spectroscopy (IRRAS) 407, 412
infraRed (IR) spectroscopy 396–400
interdiffusion
diblock copolymers for interface

adhesion promotion 23
of metal into polymers 25, 28
and welding 23, 25

interface adhesion promotion, diblock
copolymers for 23

interface-crossing interpenetrating
network (IC-IPN) 23

interfacial redox reactions 97, 99
interpenetrating networks (IPNs) 14,

21, 164–165
interface-crossing 23

interphase formation 28–38
anisotropic orientation loss of

polymers 34–35
nanoparticle composites 29
polymer–polymer blends 28–29
interphase formation 29

redox reactions across
metal–polymer interface
30–32

transcrystalline layers 29–30
weak boundary layers 36–38

interphase promotion
transition metals reaction with

aromatic polymers 32–34
inverse gas chromatography (IGC)
acid–base interactions 50

iodination
and monosort functional groups

317
iodine 310
iodomethane
use in bromination 310

ion beam assisted deposition (IBAD)
90

ion beam surface modification 25
ionic chain growth polymerization

263, 275
ionization potential
and electron energy 311, 317–318

ionized cluster beam (ICB) 90
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ion milling 223
ion-molecule reactions 261, 275
ion-plating 90
IR modes 395
IRRAS, see IR reflexion absorption

spectroscopy 407, see IR
reflection absorption
spectroscopy 412

IR reflexion absorption spectroscopy
(IRRAS) 182

isocyanate groups 62–64, 138
IR spectroscopy, see InfraRed

spectroscopy 396
isocyanatosilane 377

j
Jablonski diagram 400

k
Keesom forces 38, 115
Kelvin probe technique 363

l
Lambert–Beer law 401
laminates 89–90
processing of 90–92

Langmuir probe 312, 317, 324
Larmor frequency 402
laser ablation 205–206
LiAlH4 321, 324
liquid phase reduction 261
low density polyethylene (LDPE) 306
low-molecular weight matrix molecules

403
low-molecular weight oxidized material

(LMWOM) 115, 181, 204, 369

m
macrocycles 404
MALDI mass spectra 404
MALDI-ToF-MS, see matrix-assisted

laser desorption
ionization-time-of-flight mass
spectrometry (MALDI-ToF-MS)
403

maleic anhydride 371
mass spectrometric method 403

matrix-assisted laser desorption
ionization-time-of-flight mass
spectrometry (MALDI-ToF-MS)
403–404

polymer degradation by oxygen
plasma exposure 193, 197

structural degradation of polymer on
oxygen plasma exposure 189

matrix molecules 403
Maxwell equation 317
McLafferty rearrangement 118
mechanical adhesion
on microscale 20–21

mechanical anchoring
on molecular scale 21–23

mechanical interlocking 372
in macroscopic scale 20

mechanical pretreatment of polyolefin
surfaces 213–214

melamine
surface
primary amino groups at 140

melamine resin coatings 341
mercapto silane, plasma polymerization

of 140
metal atoms
reaction with amino groups on

polymer surfaces 105
reaction with O-functional groups at

polymer surfaces 97–105
reaction with polyolefins 97

metal coatings, bond strength of 180
metal deposition
requirements for 370–372

metal-polymer adhesion
influence of spacers on 351–352

metal–polymer interface 25–28
redox reactions across 30–32

metal-polymer laminate
interphase and interphase structure of

13
N,N′-methylenebis(acrylamide)

(MBAA) 323
methylene iodide 317
methylphenol 65
Michelson-interferometer 400
microdefects 363
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milling 213
modified neglect of diatomic overlap

(MNDO) 104
molecular beam epitaxy (MBE) 90
molecular debris 181
molecular entanglement of

macromolecules, 162–165
molecular forces 15
molecular orbital theory (MO) 113
molecular vapor deposition (MVD)

162
molecular weight distributions (MWDs)

150
monomer fragmentation 259
monomer fragmentation-

poly-recombination 275
monomers
for grafting of spacers onto radicals

345
monosort functional groups 299–305,

368
gradient layers 332
at polymer surfaces 6
production processes 326
weakening/hardening of layers 332

monosort functionalization of polymer
surfaces

by classic organic chemistry
226–227

monosort functionalized polyolefin
surfaces

chemical grafting onto 6, 7, 337–344
mushroom regime 152

n
NaBH4 303
nanoparticle composites
interphase formation 29

nanotubes
and bromination 311

N-containing functional groups
118–119

polymer–transition metal interface
127

structural degradation of polymer on
oxygen plasma exposure 189,
191

negative redox potential, metals 360
ninhydrine 345
nitrile group
formation by plasma bromination

324
NMR spectroscopy 401–402
N-bromosuccinimide 306
NO
derivatization of C-radicals 345

noble gas plasmas
exposure of polymer surface to

304
Norrish rearrangements 118, 122
novolacs 64
nucleophilic substitutions 301, 303,

343, 348
nylon 66

o
O–C=O bonds 117–118
O=CO–O bonds 117–118
octaaminophenyl POSS 347
octadecyltrichlorosilane (OTS)
self-assembled monolayer of 181

O-functional groups
metal atoms reaction with, at polymer

surfaces 97–105
O-functionalized polyolefin surface

303
OH group production, post-plasma

chemical treatment for
227–237

OH groups 321, 323, 324
and adhesion 337, 339
equipment of polyolefin surfaces

324
formation by plasma bromination

324
generation by oxygen plasma

treatment 324
at polymer surface 135–140

olefins 398
oligomers
grafting by reaction with C–Br groups

347–349
grafting by reaction with C–OH

groups 346–347
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Olympic Rings 21
organic compounds, chemical shifts in

402
organosilanes 55
oxalic acid 137
oxides and polymers, covalent bond

between 126
oxyfluorination 221–222
oxygen plasma 300, 303, 324, 346
etching of polymer on exposure to

35
oxygen plasma exposure
monosort functionalization of

polymer surfaces 227–237
polymer degradation by 192–198
polyolefin surfaces 186–187
polypropylene 184
surface degradation of polymer on

187–192
ozonolysis 211–213
of olefinic double bonds 211

p
palladium (II) chloride (PdCl2) 26
paraffins
chlorination of 317

“peel-ply”-process 215
peel strength 338, 359, 360, 381, 386
of Al-polypropylene laminates 339,

340
of aliphatic spacers 339
of aluminum layers 337
and dendrimers 339
effect of chain length variation on

339, 340
of flame-resistant coatings 341

peel test 218
phenol–formaldehyde interaction 64,

65
photobromination 306
photoelectric effect 408
photoelectron emission 408
photo-Fries rearrangement 118, 122
physical vapor deposition (PVD) 90
physisorption 94, 95
plasma bromination 159, 375
plasma chemical bromination 305

plasmachemical fluorination
monosort functional groups 303

plasma-emitted UV radiation
crosslinking of polymers by

198–200
plasma-enhanced chemical vapor

deposition (PECVD) 90
plasma etching 215
plasma exposure
ammonia 140
oxygen, see oxygen plasma exposure

184
to polymer surface 182
to polyolefin surfaces 174–175

plasma gas
abstraction of H atoms through 299
substitution of H atoms through 299

plasma-induced chain-growth
polymerization 276

plasma-initiated copolymerization 273
plasma-off period 265–267, 270
plasma polymerization 259, 303, 324
amino group formation 325
collision and radiation process 281
mechanisms of 275–278
of styrene 285

plasma polymerization process
of allylamine 373

plasma polymers
as adhesion-promoting layers

286–289, 340–342
advantage of 289
applications 288–289
chemical structure, plasma wattage

influence on 263–265
dipoles, detection 285
grafting of spacer molecules onto

342–344
structures of 262–263, 281–286
thermal field flow fractionation of

284
plasma pulsed polymerization 267
plasma surface modification 185
plasma wattage
influence on plasma polymer

chemical structure 263, 265
plastic industry 305
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poly(acrylic acid) (PAA) 126, 175, 303,
323, 325, 351

interaction with chromium 33–34
redox reaction of 30
surfaces
metal atoms reaction with
O-functional groups at 98

OH groups at 135
poly(allyl alcohol) (PAAl) 175, 303,

324, 351
surfaces
OH groups at 135

poly(allylamine) (PAAm) 303, 325, 338
surface
primary amino groups at 140

poly(allyl bromide) 303
poly(butadiene)
redox reaction of 30

poly(carbonate) (PC) 193
poly(2,6-dimethy-1,4-phenylene oxide)

(PDMPO) 129
poly(ethylene glycol) (PEG)
onto polyolefin surfaces, grafting of

158
poly(ethylene imine) (PEI) 303, 325
surface
primary amino groups at 140

poly(ethylene terephthalate) (PET) 26,
66, 126, 192, 367

anisotropic orientation loss 34
metal atoms reaction with

O-functional groups at 98
laser ablation of 205, 210
redox reaction of 30
roughening and etching of 215
self-assembled monolayer of 181
surfaces
OH groups at 137

poly(hydroxyethyl methacrylate)
(PHEMA) 303, 324

surfaces
OH groups at 135

poly(methyl methacrylate) (PMMA)
zip length 174

poly(phenylquinoxaline) (PPQ) 361
redox reaction of 31
surfaces

metal atoms reaction with
O-functional groups at 101

poly(styrene) (PS) 193
poly(tetrafluoroethylene) (PTFE) 126,

185
Na/NH3 or Na/naphthalene etching

of 21
redox reaction of 30
sputtering of 223
surfaces
carboxylic groups at 145–146

poly(vinyl alcohol) (PVA)
surfaces
metal atoms reaction with
O-functional groups at 98

OH groups at 135
poly(vinyl amine) (PVAm)
surface
primary amino groups at 140

poly(vinyl chloride) (PVC) 215, 303
chlorination of 317
electrostatic attraction 53
surfaces
carboxylic groups at 145

poly(vinylidene chloride) (PVdC)
surfaces
carboxylic groups at 145

poly(vinylidene fluoride) (PVdF)
surfaces
carboxylic groups at 145

poly-(𝛼-methyl styrene
zip length 174

polyamide (PA) 66
polyamidoamine (PAMAM) dendrimers

374
polyarylethersulfone (PAES) 69
polybenzimidazole (PBI) 69
polydimethylsiloxane (PDMS) 67
polydispersity 284
polyesters, unsaturated 67
polyetheretherketone (PEEK)
adhesion pretreatment of 211

polyethersulfone (PES) 69
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polyethylene (PE) 185, 306, 317, 342,
351

adhesion pretreatment of 211
-Al system, adhesion improvement of

337
branched, C–H bonds in 19
C–H and C–C bonds in 114
chlorination of 317
fluorination of 317
iodination of 317
Near-Edge X-ray Absorption

Spectroscopy (NEXAFS) 282
power-pulsed plasma polymerization

271
surfaces
metal atoms interaction with
O-functional groups at
101–102

metal atoms reaction with
O-functional groups at 101

XPS valence band spectrum of 282
polyglycerols 339
onto polyolefin surfaces, grafting of

156–159
polyhedral oligomers of silsesquioxanes

(POSS) 106–107, 339, 347,
349–350, 352, 374, 377

polyimide (PI) 69
surfaces
metal atoms reaction with
O-functional groups at 101

polyimide–copper interactions 32
brushes 152, 153

polymer-forming intermediates,
monomer conversion 275

polymer–polymer blends 29
interphase formation 28

polymer–polymer interdiffusion 165
polymer–polymer linking 122–123
polymers 396, 400
adhesion of 13, 372
anisotropic orientation loss of

34–35
brushes 152–153
C–H bonds towards halogen atoms

18
chemical bonds in 113–119

as coating 92
deposited onto silicon or glass 162
field-flow fractionation of 406
interdiffusion of metal into 25–28
and oxides, covalent bond between

126
roughening by chemical etching 21
as substrate 92
zip-lengths for 174

polymer–transition metal interface
127–130

polyolefin-Al laminates 366–367
polyolefins 31, 32, 126, 299, 404
bromination by exposure to Br2

plasma 305–309
bromination of 303
bromoform as precursor 309–312
C-C and C-H bonds in 360
C-H and C-C bonds in 364
chemically bonding molecules onto

304–305
deposition of plasma polymers

carrying C-Br groups 312–313
dissociation energies in 400
functional groups introduction

363–364
halogen introduction into 318
inertness 357
interactions at interface 92
interfacial bonds 362
metal atoms reaction with 97
monosort functionalization,

production processes of 326
monosort C-Br bonds at 305
O-functionalized 303
oxygen plasma introduction to 300
plasma fluorination 317
modification, variants of 301
surfaces
Br introduction onto 324
carboxylic groups at 143–146
complex molecules grafted onto
159, 161–162

covalent linking of spacer bonded
dye-sensors onto 154–155

energies 359
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functional groups at 184–186,
338

functionalization by use of
azides/nitrenes 150

of fluorescence markers onto
functional groups at polyolefin
surfaces 153–154

grafting of polyglycerols onto
156–159

metal atoms reaction with
O-functional groups at
101–104

modification with functional
groups, advantages and
disadvantages of 176

OH groups at 135
OH group equipment of 324
oxidation of 324
physical and chemical attacks
173–179

pretreatment of, see pretreatment
of polyolefin surfaces 237

primary amino groups at
140–143

situation at 173
polyphenylquinoxaline (PPQ) 69
polypropylene (PP) 317, 342, 350, 351
-Al laminates
peel strengths of 339, 340

amino acid sequences grafted to
155

bromination of 306, 311
C–H and C–C bonds in 116
chromic acid treatment of 21
crosslinking of 225
fluorination of 317
etching of 223
iodination of 317
oxygen plasma exposure 184
ozonolysis of 211
self-assembled monolayer of 181
surface contaminations 55
XPS valence band spectrum of 282

polystyrene 342
polysulfone (PSU) 69
polytetrafluoroethylene (PTFE)
sputtering of 224

surfaces
metal atoms reaction with
O-functional groups at 97

polyurethane (PU) 28, 61, 62
coatings onto stainless steel 21

polyvinyl alcohol (PVA) 125, 126
positron emission tomography (PET)
polymer degradation by oxygen

plasma exposure 197
potassium cyanide
incorporation of nitrile (cyanide)

groups with 321
preformed degradation products

121–122
pressure-pulsed plasma 267–271
pretreatment of polyolefin surfaces

173–237
CASING (crosslinking by activated

species of inert gases) 225–226
chromic and chromo-sulfuric acids,

chemical treatment by
218–220

cross-linking of polymers by
plasma-emitted UV radiation
198–200

cryogenic blasting 214
flame treatment 204–205
fluorine-containing polymers,

chemical etching and
functionalizing of 220–221

laser ablation 205–206
mechanical pretreatment 213–214
monosort functionalization of

polymer surfaces
by classic organic chemistry
226–227

OH group production, post-plasma
chemical treatment for
227–237

oxygen plasma exposure
227–237

oxyfluorination 221–222
oxygen plasma exposure 186–187
polymer degradation by
192–198

surface degradation of polymer on
187–192
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pretreatment of polyolefin surfaces
(contd.)

ozonolysis 211–213
physical and chemical attacks of

polyolefin surfaces 173–179
roughening for mechanical

interlocking 215
silicoater process 205
situation at polyolefin surfaces

173
skeletonizing 214–215
solvent cleaning 215–217
solvent welding 217–218
sputtering for film deposition

223–224
sulfonation 222–223
surface area increase by plasma and

sputter etching 215
surface oxidation by

atmospheric-pressure plasmas
201–203

UV irradiation with excimer lamps
206–210

primary amino groups, at polymer
surface 140–143

pulsed plasma copolymerization
271–274

pulsed plasma polymerization 144
pyridine
acid–base interactions 49

pyromellitic-dianhydride-oxydianiline
(PMDA-ODA) polyimide

metal atoms reaction with
O-functional groups 104

pyrosil 205
pyuruvic acid 137

q
quartz mercury low-pressure discharge

lamp 206
quasi-hydrogen plasma 278

r
radical chain growth copolymerization

275
radical reactions 18, 368
radicals

grafting of spacers onto 344–346
radical substitution, bormination

307
reactive ion etching (RIE) 223
reactive units 303
real surfaces
weak molecular interactions 43–44

recombination process, bormination
307, 309

redox reactions 361, 363, 371
across metal–polymer interface

30–32
interfacial 97, 99

resols 65
resonance heating 25
resorcinol 65
reversible redox potentials 385
rheological model
weak molecular interactions 51

Rosenmund reduction 144, 145
roughening
for mechanical interlocking

215

s
sampling depth 406–407
sand blasting 213
with transfer of coupling agents

213–214
Schiff´s base formation 343, 369
SEC, see size exclusion chromatography

and gel permeation
chromatography (GPC) 405

secondary ion mass spectrometry
(SIMS) 395, 410

sputtering for film deposition
223

SEIRA, see surface-enhanced infrared
absorbance 412

self-assembled monolayers (SAMs)
148, 153, 162, 181

self excited electron resonance
spectroscopy (SEERS)

pressure-pulsed plasma 268
semi-conductor industry 305
sessile drop method 39, 40, 42
silane bonds 147–148
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silanes 105–107
surface contaminations 55–57

silanization 58, 137, 367
silica
chemical bonds in 119

silicoater process 205
silicon
polymers deposited onto 162

silicon resins 67
siloxane adhesion-promoting agents

105–107
siloxane cages
introduction of spacers with

349–350
siloxane-like resin coatings 341
SIMS, see secondary ion mass

spectrometry 395, 410
size-exclusion chromatography (SEC)

405
polymer degradation by oxygen

plasma exposure 192
skeletonizing 214, 215
sodium 348
sodium azide (NaN3) 321, 325,

351
sodium cyanate 324
sodium cyanide 324, 325
sol-gel processing 90
solvent cleaning 215–217
solvent extraction 364
solvent welding 25, 217–218
spacer molecules 301
chemical fixation of 369
grafting 368–369

spacers 337
for adhesion 372–388
adhesion promotion by 337, 339,

340, 343, 344
adhesion strength 381–383
anchoring of 338
anchoring, C-Br groups 376
attachment onto NH2 groups

372–375
functional groups at 338
grafting at polymer surface

375–376

grafting by reaction with C–Br groups
347–349

grafting by reaction with C–OH
groups 346–347

grafting onto plasma polymers
342–343

grafting onto radicals 344–346
influence on metal-polymer adhesion

351–352
introduction with siloxane cages

349–350
silane attachment 376–377
silane hydrolysis and partial

crosslinking 377–381
spin coating deposition 303
spray deposition 369
spraying 90–91
sputter etching 215
sputtering 90
for film deposition 223–224

stainless steel 305
stannous chloride (SnCl2) 26
static secondary ion mass spectrometry

(SSIMS) 37
Static-SIMS (SSIMS) 410
sterical hindrance 299
Stöber process 148
substrate
polymer as 92

sulfonation 222–223
surface chemical composition, and weak

molecular interactions 39–40
surface chemical modification 25
surface contaminations 54–55
surface dynamics, see hydrophobic

recovery 70, 289
surface-enhanced infrared absorption

spectroscopy (SEIRA) 182, 407,
412

structural degradation of polymer on
oxygen plasma exposure 189

surface-enhanced internal reflection
absorption IR mode (SEIRA)

surface oxidation, by
atmospheric-pressure plasmas
201–203

surface-sensitive methods 395



430 Index

surface tension
polar and dispersive components of

48
surface tension theories 46–47
surface topography 398

t
tert-butylbromide 309
tertrachloromethane
and bromination 311

tetraethyleneglycoldimethacrylate
(TEGMA) 59

tetrafluoromethane (CF4)
and bromination 311

tetrafluoromethane (CF4) 317
tetrahydrofuran (THF) 138, 306, 313,

314, 317
thermal beam evaporation 352
thermal expansion coefficients

365–366
thermal field flow fractionation (ThFFF)

284, 405
thermal or cross-flow field flow

fractionation 199
thermal vibrational welding 25
thermodynamic adsorption
and weak molecular interactions

38–39
thermostable polymer adhesives

69
thick layers, adhesion promotion of

289
thin film deposition 259
Tibbitt model 263
tilting plate method 40
time-of-flight secondary ion mass

spectrometry (ToF-SIMS) 406
ToF-SIMS, see time-of-flight secondary

ion mass spectrometry 406
toluenediisocyanate (TDI) 138
top channel wall 405
transcrystalline layers
interphase formation 29–30

transcrystallinity 29
transition metal–polymer interface

127–130

transition metals reaction with aromatic
polymers 32–34

1,2,3 triazoles 321
tributyltinhydride 306
two-dimensional correlation

spectroscopy 402

u
ultra-high molecular weight

polyethylene (UHMWPE)
anisotropic orientation loss 34

ultra-thin films 303, 323
underwater capillary discharge plasma

323
underwater plasma 324
unsaturated polyesters 67
urea resins 140
urea–formaldehyde reaction 66
urotropine, see hexamethylenetramine

64
UV irradiation 300, 306
UV irradiation with excimer lamps

206–210
UV radiation
low-presure plasma procecsses 301

UV-vis spectroscopy 400–401

v
vacuum ultraviolet region (VUV) 401
van der Waals forces 38
vinyl bromide
plasma deposition of 303, 312

volatilization 263
VUV, see vacuum ultraviolet region

401

w
water
role in adhesion 54–55

weak boundary layers (WBL) 115, 180,
181, 184, 385

interphase formation 36–38
weak molecular interactions 38–52
acid–base interactions 48–50
contact angle measurement 39–42
contact angles, advancing and

receding 42–43
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polar and dispersive components of
surface tension 48

real surfaces 43–44
rheological model 51
surface chemical composition and

39–40
surface tension theories 46
thermodynamic adsorption

38–39
Zisman plot of 44–46

welding
friction 25
interdiffusion and 23–25
solvent 25
thermal vibrational 25

Wenzel angle 43
Wenzel equation 214
wet-chemical grafting 373
wet-chemical graft reactions 301, 303,

322
Wet-chemical processing
loss in bromine groups by 313–314

wet-chemical reduction 324
wetting 90

wetting model 38–39
Wilhelmy plate method 39–42
Williamson´s ether synthesis 348, 352,

359

x
X-ray photoelectron spectroscopy (XPS)

36, 181, 338, 339, 348, 350, 351,
352, 395, 408–410

metal atoms reaction with
O-functional groups 100

XPS, see X-ray photoelectron
spectroscopy 395, 408

XPS-survey spectrum 408

y
Yasuda factor 263
Young-Dupré equation 179

z
Zeeman effect 402
zip-lengths, for polymers 174
Zisman plot, of weak molecular

interactions 44–46




