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a
AF4-ICP MS 173, 204
AF4-LS 87
AF4 membrane 207
AF4 or HF5-based protein analysis

lipoprotein particles 229
micro- and nanoparticles 227, 228

channel dimensions 234
membrane, buffer, and detector

234
optimize flowrates 234
problems and troubleshooting 235
sample analysis 235
target clarification 234

protein aggregation 225, 226
AF4 system 66
AF4-UV-ICP MS, TE analysis in natural

waters
aquatic colloids 180
contamination and carryover 189
sample losses 187
sample preparation and instrument

settings 180
size fractions 182
trouble-shooting strategies 187, 191

AF4-UV-MALS-ICPMS fractograms
166

ammonium bicarbonate buffer 231
amniotic epithelial cells (AECs) 277
analytical ultracentrifugation (AUC)

105–106

anion exchange chromatography (AEC)
106–111

area-based approach 210
asymmetrical flow field-flow

fractionation (AF4 or AsFlFFF)
47, 103–104, 180, 220

channel thickness 6
cross flow rate 9
cross flow velocity 5, 6
fractionating power 10
frit-inlet technique 9
retention parameter 5
sample introduction and relaxation

7
sample loading and focusing 8
sample properties 3
transverse velocity 12

b
biohybrids

light scattering techniques 80
polymer-dye/drug complexes 81
polymer–protein conjugation 84
polymersomes 89
polyplexes 88

Boltzmann constant 157
bottom-up shotgun proteomics 219

c
carrier fluid flexibility 118
cell integrity 262

Field-Flow Fractionation: Principles and Applications, First Edition.
Edited by Céline Guéguen, Mohammed Baalousha, and S. Kim R. Williams.
© 2026 WILEY-VCH GmbH. All rights reserved, including rights for text and data mining and training
of artificial intelligence technologies or similar technologies. Published 2026 by WILEY-VCH GmbH.



�

� �

�

294 Index

cell purging, GrFFF
purging performances 273, 274
samples preparation 271
system and elution conditions 272

cell reusability 263
cell sorting

gravitational FFF (GrFFF)
instrumental set-up 267
separation modes 268
separative channel 266

sedimentation FFF 243
biological calibration 261
biophysical calibration 258, 260
cell reusability 263
channel wall materials 254
cleaning and decontamination

procedure 255
hyperlayer elution mode 245, 246
inlet/outlet tubing 252, 253
mobile phase 255
recovery 255
sample detection and

characterization 256, 257
sample preparation 243
separation channel 249, 251
speed control unit 251

cellulose nanocrystals (CNC) 74
centrifugal FFF (CF3) 2, 241
channel trapezoidal geometry 85
chip AF4 221
column-based separation techniques

63–64
complex polymer 63–64
continuous fractionations 28

d
dendritic glycopolymers 72
dendritic hybrids 72
detector 48, 163, 182, 201, 203, 232

in-line detectors 199
online concentration detector 163
online size detector 165
pressure-sensitive detectors 199

dielectrical or dielectrophoretic FFF
(DEP-FFF) 2, 28

DNA/chitosan polyplexes 88
DOM-associated species 185
dynamic light scattering (DLS) 54, 85

e
Earth’s gravitational field 2, 265
electrical asymmetrical flow FFF (EAF4

or ElFFF) 2, 3, 22, 46, 47, 50
retention parameter 23

electrospray ionization (ESI)-MS 231

f
field-flow fractionation (FFF)

biophysicochemical processes 150
channel thickness 161
data processing and size calibration

167
DEP-FFF 28
ElFFF 22
flow rates 161
gravity-augmented FlFFF 27
HF-FFF 10
injected amount 155
lipoprotein particles 229
membrane and buffer 230
MgFFF 24
micro- and nanoparticles 227, 228
mobile phase 157
online concentration detectors 163
online or offline characterization

166
online size detectors 165
polymers 66

dendritic glycopolymers 72
flower-like structures 77
hyperbranched polyesters 70
polyethylene block copolymers

78
single-chain nanoparticles (SCNPs)

74
protein aggregation 225, 226
Respective Retention Parameter

Equations 3
sample collection and preparation

153
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Sample Physicochemical Properties
3

SdFFF 16
selection strategy 50
spacer and flowrate condition 231,

233
step-by-step guidance

carrier liquid selection 52
channel flow rate 54
field strength 53
sample loss 53
sample overloading 54
sample pre-preparation 52
sample recovery 55

theoretical background 45
thermal-electrical FFF 27
ThFFF 18
two-dimensional, continuous

fractionation 28
ultrasound-gravitational FFF 27

field-flow fractionation and light
scattering (FFF-LS) 68

field-flow fractionation-matrix-assisted
laser desorption/ionization
time-of-flight mass spectrometry
(FFF-MALDI-TOF–MS) 69

field-flow fractionation and nuclear
magnetic resonance (FFF-NMR)
68

flow cytometry 257
flower-like structures 77
flow FFF (FlFFF) 46, 153

aqueous carrier liquids 52
organic compatible 52

fluorescent-assisted cells sorting (FACS)
242

fraction collection 261
fractogram 258
frit-inlet FlFFF 8, 9, 47
frit-outlet FlFFF 47
fungal polysaccharides 131–132

g
gel electrophoresis 220
gold NPs (AuNPs) 229

gravitational FFF (GrFFF or GFFF) 2,
3, 14, 27, 241

cell sorting
cell purging 272
instrumental set-up 267
NEEGA-DF 277
operations 270
raw sample 273, 276
separation modes 268
separative channel 266

h
high gradient magnetic separation

(HGMS) 24
high-temperature AF4 (HT-AF4) 67
hollow fiber FFF (HF-FFF or HF5) 3,

10, 11, 221, 222
homopolymers 64
hydrodynamic relaxation 8
hyperbranched polyesters 70
hyperlayer elution mode

elution away from the accumulation
wall 247

elution order 247
steric elution mode 248

i
inductively coupled plasma mass

spectrometry (ICP MS) 180
optimization

AF4 flow program 211
ICP-MS operating conditions 211

QA/QC and analytical considerations
calibration 206
data analysis and calculations 208
limit of detection (LOD) 206
memory effects 206
recovery 206
SRMs 206
trace analysis and initial setup

204
inorganic species 185
ionic polymers 66
ionic strength effects

composition 122
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ionic strength effects (contd.)
on polysaccharide structures

121–122
on separation 121

isoelectric focusing (IEF) 220

l
light scattering detectors 112–113
limit of detection (LOD) 189
linear backbone polymers 73
linear polymers 65
lipoprotein particles 229

m
macromolecules. See polymers
magnetic-assisted cells sorting (MACS)

242
magnetic FFF (MgFFF) 2, 3, 24, 25, 27
magnetoplexes 88
mammalian polysaccharides

charge-based separation techniques
132–133

compositional separation techniques
132–133

size-based separation techniques
132

marine polysaccharides
charge-based separation techniques

127–128
compositional separation techniques

127–128
size-based separation techniques

127
Matrix-matched Standard Reference

Materials (SRMs) 206
mesenchymal stem cells (MSC) 277
micro-machined ElFFF channels 23
mobile phase 157
molecular weight cut off value (MWCO)

231
molecular weight (MW), in

polysaccharides 118–119
monosaccharide-based separation

techniques 117

multi-angle light scattering (MALS)
232

n
nano-scale biopolymers 150
naturally occurring particles 149
nonequilibrium bandspreading 10
nonequilibrium effect 6
non-uniform laminar fluid velocity

profiles 1
normoxia 244
NovaAnalysis 52

o
organic carrier liquid 52
organic matter 197
ortho-dichlorobenzene (ODCB) 67
overloading effects 54

p
parallel-plate channel FlFFF 3
particle–particle or particle-FFF

channel surface interactions 53
particle–wall interaction 16
plant polysaccharides

charge-based separation techniques
130

compositional separation techniques
130

size-based separation techniques
129–130

polydispersity 10, 21, 154, 247, 248,
259

polyelectrolytes 66
polyethylene block copolymers 78
polymer-dye/drug complexes 81
polymer–protein conjugation 84
polymers

architectures 64–66
FFF-coupled techniques 68–69
FFF systems 66–68

polymersomes 89
polyplexes 88
polysaccharides
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analytical ultracentrifugation (AUC)
105–106

anion exchange chromatography
(AEC) 106–111

asymmetrical flow field-flow
fractionation 103–104

carrier fluid flexibility 118
chemical properties of 113–114
fungi polysaccharides 131–132
ionic strength and composition

120–122
light scattering detectors 112–113
mammalian polysaccharides

132–133
marine polysaccharides 122–128
molecular weight (MW) or size range

118–119
monosaccharide-based separation

techniques 117
pH effects on 119–120
plant polysaccharides 128–131
sample recovery 117–118
size-based separation techniques

114–117
size exclusion chromatography (SEC)

104–105
structures 102–103

proteoforms 219

q
quadrupole (Q-ICP-MS) 203

r
regenerated cellulose (RC) 230
Retention Parameter Equations 3

s
sample recovery 55
secondary relaxation effects 85
sedimentation FFF (SdFFF or SedFFF)

2, 3, 16, 45, 153, 241
aqueous carrier liquids 52
cell sorting 243

biological calibration 261
biophysical calibration 258, 260

cell reusability 263
channel wall materials 254
cleaning and decontamination

procedure 255
hyperlayer elution mode 245, 246
inlet/outlet tubing 252, 253
mobile phase 255
recovery 255
sample detection and

characterization 256, 257
sample preparation 243
separation channel 249, 251
speed control unit 250

channel flow rate 54
organic compatible 52
retention and bandspreading

equations 16
semi-crystalline or long-chain branched

polyolefins 67
signal-based approach 208
single-chain nanoparticles (SCNPs) 74
size exclusion chromatography (SEC)

63, 104–105, 220
size range, in polysaccharides

118–119
split-inlet method 8
spray chamber configurations used in

ICP-MS 202
Standard Reference Materials (SRMs)

199
steric exclusion 13
steric/hyperlayer mode 52
steric transition region 52
Stokes–Einstein equation 5, 45, 85
styrene–butadiene copolymer 64
surface-enhanced Raman scattering

(SERS) 229
Suwannee River Natural Organic

Matter (SRNOM) 192
synthetic polymers 65

t
thermal field-flow fractionation

(ThFFF) 2, 18, 29, 46, 67
top-down proteomics 219
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trace element analysis in natural
waters, AF4-UV-ICP MS

aquatic colloids 182
contamination and carryover

189
sample losses 187
sample preparation and

instrument settings 180
size fractions 182
trouble-shooting strategies 191

1,2,4-trichlorobenzene (TCB) 67
triple-quadrupole instruments 223
twice-daily calibration 206
two-dimensional FFF 28

u
ultrasound-gravitational FFF 27

v
void peak 185
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