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a
Acid rain 218
Adsorption 112, 154
Alcohols

separation by IEC 230–235
Alkali metal ions

elution order in acetone 195
retention factors 194
separation 193

Alkaline earths
separation 191

Alkane sulfonates 241, 244
Alkylammonium salts

effect on CE separations 291–294
Aluminum complexes

speciation 365
Amidoxim 203, 204
Ammonia

determination by IEC 225
Ammonium / potassium separation 182
Amperometric detection 87
Analytical control 349, 350
Anex

see Anion exchange
Anilines

separation 192
Anion chromatography 10, –131

at ppb concentrations 218
at very low concentrations 146
common anions 165
detectors 137
eluents 137, 150
explanation of peaks 150
inorganic anions 143, 144
non-suppressed 147–154
organic anions 145
organic solvents 146
scope 131, 155
separation conditions –135

suppressed 17, 138
Anion exchange 3

arsenic species 172
Anion exchange columns

latex coated 166
Anion exchangers 45, 56

Transgenomic AN 1 45
local structure 124
macroporous 45
pH effect 52
polyfunctional 50
porous 45
relative retention 51
selectivity 56, 57
spacer arm effect 52

Anion-exchange columns 132
Alltech 134
Dionex 133, 134
Hamilton 135
Metrohm 135

Anions
detection limits 158
in concentrated acids 328
inorganic 157
relative retention 49
retention factors 59
retention times 52
selectivity 112
separation 6

Anions and cations
simultaneous separation 216–219

Arsenazo 8
Arsenic anions 149
Arsenic poisoning 354, 361
Arsenic speciation 361, 362
Atomic absorption detection 100

arsenate 100
arsenite 100
dimethyl arsinate 100
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monomethyl arsenate 100
p-aminophenoarsenate 100

Atomic emission (AE) detection 100

b
BGE 283, 288, 289
Background electrolyte 296

see BGE
Baseline noise 155
Bases

determination by IEC 223–226
Bicarbonate

determination by IEC 222, 224
Bromide 292
Bromide complexes 4
Buffer

tris(hydroxymethyl)aminomethane
(TRIS) 275

By-pass loop 327

c
CE

see capillary electrophoresis
CE-IC 295
CMC 284
CTAC 284
Calcium (II) 4
Calibration curve 35
Capacity factor 356

see retention factor
Capillary electrophoresis 1, 2, 260,

263–297
at high salt concentrations 280–283
capillary pretreatment 264
conditions 296
current 282
detection 265
effect of ionic polymers 287–291
pH effect 281
power supply 265
principles –265
sample 291
sample injection 267
sample introduction 264
separation of ammonium and

potassium 279
separation of anions 274–277
separation of cations –278
separation of chloride isotopes 277
separations at low pH 279
steps in analysis 264
summary 294–295
terms 266
vectors 266

Capillary surface 296
Capillary zone electrophoresis 267
Carbohydrate retention

pH effect 233
Carbohydrate separation 170
Carbohydrates 171

detection 235
effect of metal ions 231, 232
separation mechanism 230

Carbon dioxide
determination by IEC 222

Carboxylic acids
separation on C18 column 216, 217

Catex 37
see Cation exchange

Cation chromatography 175–205
Quaternary ammonium ions 186
at low concentrations 188
historical 178
inorganic ions 185
principles 175
temperature effect 179–181
variables 175

Cation exchange 3
elution order 5
selectivity 5

Cation exchange columns
Alltech 177
Dionex 176, 177
Hamilton 177
Metrohm 177

Cation exchanger 37, 57
capacity 61
carboxylate 179
cross-linking effect 58, 59
18-crown-6 63
exchange capacity 57
exchange reactions 38
latex-agglomerated 58
location of exchange groups 59
phosponate and carboxylate 179
selectivity 4, 62
silica 38
spacer arm 61
sulfonated 57, 58, 59
weak acid 51, 198

Cation self-regenerating suppressor 185
Cation separations 3, 4
Cation-anion interaction in CE 294
Cations

selectivity 111
Cell contant, conducitivity 73
Cetyl pyridinium chloride 44
Chaotropic interaction 260
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Chelating resins 63
Chelex 100 201
Chemical speciation 353–368
Chloromethylation 43, 122
Choosing a method 335
Chromatographic

principles 105
Chromatographic terms 105–109
Chromium

in plating baths 353
speciation 355, 359

Chromium III, VI separation
at 0.1 ppb 358

Cinnamaldehyde 226
equilibrium with water 227
spectra 227

Cis-trans separation 244
Citric acid 198
Co-migration 270
Coated columns 257

Maleic acid 178
Cobalt II 5, 5
Color-forming reagents 81, 82

Aresenazo I 82
Arsenazo III 82
PAR 82
alizarin red S 81
chlorophosphonazo III 81
chrom azurol S 81
4-(2-pyridylazo)resorcinol (PAR) 81
4-(2-thiazolylazo)resorcinol (TAR) 81
xylenol orange 81

Column
TSK gel 219

Column hardware 31
Column metal contamination 310
Column oven 33, 127, 313
Column temperature 179, 180
Columns

Alltech 46, 47
Hamilton 46
anion-exchange 44
cation exchange 44
coated 160, 165
enhancement 222–224, 226
monolith 43–45
monolithic 161, 162
surfactant 182

Complex metal chlorides 279
Complexing acids 4
Concentrator column 326, 327
Conducitivity hardware 75
Conductance 70, 73, 75, 155, 156

background 156, 159

ion pairs 210
metal cations 278
of a sample peak 158, 159

Conduction 70
Conductivity 73

background 210
Conductivity detector 70
Conductometric detector 86
Confidence intervals 345
Confidence limits 345
Contactless conductivity detection 76
Control chart 349
Copper II 5
Coulometric detection 87
Counter migration 270
Critical micelle concentration (CMC) 284
Crown ethers 285, 286
18-Crown-6 286

binding constants 182

d
DHPLC, denaturing HPLC 309, 314
DNA 301
DNA chromatography 299
Data acquisition 35
Dead time 105, 108
Dead volume 23
Density function 342
Detection 323

ICP-MS 358
UV-Vis 8
chromate 275, 276
direct conductivity 215
in CE 275, 276
molybdate 275, 276
naphthalenedisulfonate 275
non-suppressed conductivity 187
on-line 8
optical absorbance 163
potentiometric 166, 167
spectrophotometric 188
suppressed conductivity 184–188

Detector 34
PAD 34
UV-Vis 34, 163
conductivity 9, 16, 35
mass spectronometry 34

Detectors 69
ICP-MS 173
atomic emission 172
direct UV 157
evaporative light scattering (ELS) 170
for IEC 210
indirect absorbance 164, 165



inductively coupled plasma 172
mass spectrometry 173
pulsed amperometric (PAD) 168

Dialysis
Donnan (active) 330–333
passive 330
sample preparation 329

2, 3-Diamino propionic acid (DAP) 178
Dilute and shoot 1, 160, 323
Dionex AS12A 56
Dionex CS12A 179, 181
Dionex CS 3 60
Dionex CS 10 60
Dionex CS 12A 61, 62
Direct spectrophotometric detection 78,

79
Direct-injection nebulizer 172
Distribution coefficient (Kd) 208
Distribution coefficients

anion exchange 7
Donnan membrane 260
Double layer capacitance 75

e
EDTA 197
EOF 274, 275, 279, 295
EOF vector 278
Efficiency 124, 125
Electric field 268
Electrochemical cell 96, 97

porous 96
thin layer 96
tubular 96
wall jet 96

Electrochemical detector 85
Electrode material 88
Electrodialysis 328, 329
Electrokinetic injection 268
Electromigration 266
Electroosmotic flow 265, 268–274

control 271
effect on separations 270, 271

Electroosmotic mobility 266, 268, 269
Electropherogram 267
Electrophoretic flow 263, 265, 266
Electrophoretic mobilities 276
Electrophoretic mobility 263, 266, 282
Electrostacking 268, 268, 296
Eluent 164

H2SO4 / HF 6
aromatic bases 189
background conductance 156
background conductivities 220
basic 152

benzoate 11
carbonate 24
carboxylic acid 153
carboxylic acid salts 151
complexing 195, 196, 198, 199, 200,

203, 356
cupric sulfate 190
2,6-dimethylpyridine 190
dry methanol 226
electrolytic generation 24, 25, 26
ethylene diamine tartrate 195, 196, 200
hydroxide 24
kinetics 203
methane sulfonic acid 192
molybdate 166
nicotinic acid 53
perchlorate 167
phthalate 53
phthalates 151
sodium hydroxide 16
sodium perchlorate 160
succinic acid 219
sulfosalicylic acid 219
tartaric acid 219

Equilibration 2
ion exchange 15

Equilibrium
ion exchange 110

Equivalent conductance 73, 74
bromide 16
chloride 16

Equivalent conductance, limiting 71
Evaporative light scattering detector

(ELSD) 98, 99
detection cell 99
evaporation chamber 99
nebulizer 98

Exchange capacity 10, 108, 111
Extraction disks 325

f
Faraday’s law 87
Field strength 268, 268
Filters 324
Flame photometric detection 100
Fluorescense detector 83
Fluorescent dyes 84–85

FAM 84
HEX 84
NED 84
TET 84
others 84, 85

Fluoride 55
Fluoride complexes 4, 6
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Fragment collection, nucleic acid 314
Fructose 169, 171

g
General detector 70
Geometric isomers 244
Glucose 169, 171
Gold

cyanide complexes 353, 360
Gold III 280
Gradient 29, 30
Gradient elution 138, 144, 145, 186
Guard column 327
Guard columns 32

h
HIBA 285
HPLC 8, 12, 21
Helmholtz layer 269
n-Hexylammonium acetate 306
Hydrazine

determination by IEC 225
Hydrochloric acid 4, 6
Hydrogen peroxide 4
2-Hydroxy isobutyric acid (HIBA) 5

i
IC

see ion chromatography
IC-PED 94

amino acids 94
ICP 100

atomic emission detection 100
mass spectrometry detection 100

ICP-AE 355
Iminodiacetic acid (IDA) 201, 202
Indirect detection 80
Inductivity coupled plasma (ICP)

detection 100
Injection Peak 14
Injection loop 30, 31
Inner volume (Vi) 208
Inorganic cations

detection limits 191
separation 178, 180, 181, 190

Instrumentation 21
Integrated pulsed amperometric detection

(IPAD) 93
Iodide 292
Ion III

masking 198
Ion association 263
Ion association constant 291, 293, 294

Ion chromatograph 10
block diagram 22
components 21

Ion chromatography 1, 2, 9
applications 340
basis for separation 17
birth of 8
capillary electrophoretic 283
experimental setup 13
forced-flow 8
historical development 2
migration of sample ions 15, 16
non-suppressed 10
principles 13
separations 105–109
single column 10
two dimensional 33
valveless injection 357

Ion exchange
electrostatic attraction 120
enforced pairing 120, 121
hydrophobic attraction 120
matrix effect 121
mechanisms 120
selectivity 120

Ion exchange EKC 287
Ion exchange disks 65, 66
Ion exchange equilibrium

with ionic polymers 288–289
Ion exchange sites 16
Ion exchanger

hydrophilic 129
Ion exchangers

Tetra alkyl phosphonium 123
cross-linking 55
exchange capacity 55
hydrophobic attraction 55
latex-agglomerated 54, 56
metal oxide 64
silica zirconia 64
solvation effects 123

Ion exclusion chromatography 207–209
alcohol modifiers 214
carbonic acid effect 214
carboxylic acids 212, 213, 215
conclusions 220–222
detectors 210
eluents 209
elution order 208
gradient elution 212
mechanism 211
n-butanol 215
principles 207
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Ion pair chromatography 239–248
double layer 240
effect of salt 246
elution order 240, 241
mechanism 246–248
principles 239
scope –240
variables 242

Ion pair formation 247
Ion pairs 261
Ion-exchange EKC 295
Ion-pairing reagent 306
Ion-pairing reverse-phase

chromatography 303
Ion-selective electrodes 166
Ions

isolation from organic matter 333
Iron

in plating baths 361
Iron III 5, 8
Iron speciation 360
Isocratic elution 29, 138, 144, 145

k
Karl Fischer method 226, 228

l
Lactic acid 187, 285
Lambert-Beer law 77
Lanthanides

CE separation 285, 286
separation 204

Lead speciation 366, 366
Ligand 18, 285
Limiting current 88
Limiting equivalent conductance 71
Lithium I 189
Lithium sulfate 282, 289

m
MEKC 284
Magnesium II 189
Manganese II 7
Mannitol 338
Masking reagents 197, 198
Mass spectrometry (MS) detection 100
Matrix elimination 328
Membrane

cation exchange 25
hydrophilic 330
ion-exchange 331

Membrane suppressors 210
2-Mercaptoethanol 365
Mercury speciation 365

Metal EDTA complexes 80
Metal cations

CE separation 280
activity 118
elution orders 113
linear regression 117, 118
retention factors 114–116, 119
selectivity 113

Metal choride complexes 80
Metal complexes

formative constants 199
Metal ion contamination 312
Metal ions

CE separation 285, 287
separation 6

Metal-cyano complexes
separation by IPC 243

Methane sulfonic acid 179, 185
generation 25

Methanol 5
Method Development 335–341
Method development

AOAC method 338
defining the problem 335
example 338
experimental considerations 336
ion exclusion 338

Methylmercury 353
Micellar electrokinetic chromatography

(MEKC) 284
Micelle 284
Migration rate 107
Migration time

effect of acetate, sulfate, PDDAC 290
Mobility of ions 71, 76
Molar absorptivity 164
Molybdenum VI 4
Monolith columns 43, 44
Morpholine 180

n
Nano domains 294
Negative peaks 152
Nickel II 7
Nitric acid 7
Non suppressed conductivity detection 72
Nonporous polymer column 305
Normal distribution curve 342, 343
Normal random variable (Z) 342
Nucleic acid enzymology 315–317

polynucleotide assays 316
telomerase assays 315
uracil DNA glycosylase assays 317

Nucleotides 147
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o
Observed mobility 269
Octylsulfonic acid 210
Ohm’s law 85
Organic acid retention

pH effect 234
Organic amine cations

separation by CE 272
Organic amines

separation 180
Organic solvents 191, 192, 193, 194

effect on ion exchange 5, 7, 8
in IEC 213

Oxalic acid 198
Oxyhalides

in drinking water 353

p
PAR 8, 199, 203
PDA 199, 200
PDDAC 287–290
PED post-column derivatization 95
PEEK 23, 31, 32, 172
Pairing reagents 242, 243, 244, 247–248
Pauling ion radii 193, 194
Peak broadening 125, 126

axial diffusion 126
variance 128

Peak resolution 106
Perchloric acid 114
Peristaltic pump 357
Phosocholine 258
Phosphorolylated DNA 316
Plasmids 304
Plate height 161
Platinum electrode 264
Platinum group metals

speciation 366
Platinum metals 280
Polymer

macroporous 333
Post-column derivatization 81
Potassium I 189
Potentiometric detection 86
Power supply 278
Probability level 346
Protoactinium V 6
Pseudo phase 295
Pulsed amperometric detection (PAD)

91–93
S-compounds 93
alcohols 90
aminoalcohols 92
aminosugars 92

carbohydrates 91
organic thiophosphates 93
thioalcohols 93
thiocarbamates 93
thioethers 93
thiophenes 93
thiosugars 92

Pulsed amperometric detector 339
Pulsed electrochemical detection (PED)

89, 90
Pump 26, 30

check valves 27, 28
2,6-Pyridinedicarboxylic acid 203
3,6-Pyridinedicarboxylic acid 198

r
RNA 302
RNA chromatography 299
mRNA, messenger RNA 316, 318
rRNA, ribosomal RNA 316
tRNA, transfer RNA 316, 319
Refractive index detector 97
Relative conductance 70
Resin

anion exchange 9
cation exchange 9

Resin capacity 42
Resins

HEMA 46, 47
adsorption of ions 113
anion exchange 48
chelating 201–204
cross-linking 38, 40, 121
effect of sulfonation 221
exchange sites 121
exchange sites location 118
for IEC 211
functional group 122
functional group effect 47, 48
gel type 40
gel-type 59
hydroxy ethyl groups 48
latex agglomerated 122
macro reticular 40
macrocycle function 181
macroporous 39, 211
methylmethacrylate 46
microphorous 39, 40
multi-purpose 64
polydivinyl benzene 46
polymeric 38, 179
polymeric matrix 121
pore diameter 40
retention factors 118, 119
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selectivity 48
spacer arm effect 53
strong acid 41
substrate 38
sulfonated 41
weak acid 41
weak base 42

Resins and columns 37
Resistance to mass transfer 267
Resolution 2
Retention Volume (VR) 208
Retention factor 106–109
Retention factors

with complexing eluents 195
Retention time 107
Retention volume 107
Rhodium III hydrolysis 280, 281

s
SDS 284
Saccharides

separation by IEC 230–235
Sample concentration 329
Sample contaminants 325
Sample homogenization 324
Sample injection volume 326
Sample injector 39
Sample integrity
Sample ion pairs 257
Sample neutralization 328, 329
Sample particulate matter 324
Sample preconcentration 325, 326
Sample preparation 339
Sample pretreatment 323–334
Sample values 327
Scavenger columns 32
Selective detector 70
Selectivity 109
Selectivity coefficient 110, 111
Selenium speciation 363
Sensitivity 155
Separation factor 270, 271
Separation factor (a) 106, 113, 114
Separations

alkali metal cations 12
group 4, 5

Separator column 9
Siemens, microSiemens 74
Silanol groups 271, 274
Silver electrode 167
Smoluchowski equation 269
Sodium I 189
Sodium hydroxide 152

Sodium iodide
in zwitterion phases 258

Sodium perchlorate 115, 116, 122
Solid-phase extraction (SPE) 324
Solvation 192
Speciation

EPA methods 354, 355
Specific conductance 73, 74
Standard deviation

chromatographic peaks 125
Standard normal distribution 342, 343.

344
Statistical evaluation of data 341–347
Statistical terms 341
Step gradient 3
Student t distribution 345, 346
Sucrose 169, 171
Sulfur anions

separation by IPC 245
Supporting electrolyte 88
Suppressed conductivity detection 72
Suppressor 33

electrolyte 140
fiber 138
membrane 138, 140
micromembrane 34
packed-bed 34
self-regenerating 141
solid-phase reagents 141, 142

Suppressor column 9
Surfactant

phosphocholine 251
Surfactants 121

anionic 183
cationic 183
non-ionic 183
separation 65, 183, 184

Swelling propensity 46
System peak 222
System peaks 154

t
Tartrate complexes 5
Tellurium speciation 362
Temperature Modes 307–309

fully denaturing mode 308
nondenaturing mode 307
partially denaturing mode 309

Tetrabutylammonium acetate 293
Tetrabutylammonium chloride 292
Tetrapentylammonium salts 241, 243
Theoretical plate 124, 267

effective 125
Thiocyante 292
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Third phase 216
Thorium IV 6
Tin IV 5
Tin speciation 364
Titanium IV 4
Transition metal ions

separation 204
Tributylamine 274
Tributylammonium ethanesulfonate 271
Triethyl ammonium acetate (TEAA) 303,

306
Triethylamine 274
Trimethylorthoformate 229
Triton-X 160

u
UV and fluorescence detection 313
UV-VIS Hardware 82, 83
Ultraviolet-visible detector (UV-VIS) 77
Uranium VI 6

v
Validation

accuracy 347
limit of detection (LOD) 348
linearity and range 348
precision 348
quantitation (LOQ) 348
robustness 348
ruggedness 348
specificity 348

Validation of procedures 347–350
Valve switching 33
Van Deemter plot 127
Vanadium IV, V 4
Vanadium V equilibrium 280
Vanadium speciation 353, 364
Variance 342, 344
Visualization reagent 265, 278

Visualization reagents 278
Void volume (Vo) 208

w
Water

determination by IEC 226–230
Water determination

at very low concentrations 229
effect of aldehydes and ketones 228

Weak acid anions 153

z
Zeta potential 260, 268, 269
Zn II 5
Zone spreading

at interface 128
diffusion 122, 128
equilibration kinetics 126
extra-column 128
flow rate 127
mass transfer 128
multipaths 126

Zwitterion ion chromatography (ZIC) 261
Zwitterion phases

ion pairs 259
mechanism 259–261
separation of acids 258

Zwitterion stationary phases 251–262
CHAPS 255
Introduction 251
elution order 252
historical 253
ion pairing like forms 253, 254, 259
multiple peaks 252, 254
pH effect 256
properties 251, 252
separation of cations 256–259
separation of inorganic anions 256
water eluent 253, 254
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