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Absorbance (UV), mobile phase, 82—83
ACD/LC Simulator, 109
Acetone test. See System
performance tests
Adsorptive carryover, 204
Air
bubbles. See Bubbles, Degassing
leaks, 211
peaks, 186—187, 225
Anion exchange chromatography. See also
Ton-exchange chromatography
columns, 34
Anthraquinone separation, 6
APCI. See Atmospheric pressure
chemical ionization
Area reproducibility problems, 223
Artifacts. See Separation artifacts
Artifact peaks. See Ghost peaks
Assay procedure, routine, 77
“At-column dilution”, 300-301
Atmospheric pressure chemical
ionization, interface, 326-327
Autosamplers, 140
pressure bypass, 207
problems, 207, 212, 223-224
reproducibility, 151
test failure, 212
wear, 190

Background peaks. See ghost peaks

Back-pressure, 136, 211. See also Pressure
restrictor

Bacterial growth, 184

Ballistic gradients, 75. See also Gradient
separation, Fast

Band. See also Peak

Band migration, gradient elution, 11-13

Band migration, isocratic elution, 10—11

Baseline drift. See Drift (baseline)
Baseline noise. See Noise (baseline)
Baseline resolution. See Resolution,
baseline
Beat frequency, 180
Bioanalytical LC-MS, 332
Biomolecules, gradient separation
of, 248-271
Blank gradient, 121, 158
drift, 158
peaks, 158, 182185, 225
test, 217-221
Blockage
problems, 223-224
solvent inlet-frit, 207, 210
“Break through” of
macromolecules, 273-274
Broadening. See Peak shape or Peak width
Bubbles
autosampler, 212
injection, 186—187
problems, 206-207, 209-211,
223-225
removing from pump, 197
Buffers, 84
constant buffer-strength gradients, 139
contamination, 218
flushing, 159
good practice, 161
peptide and protein separations, 252
phosphate problems, 161
precipitation, 139, 161
solubility test, 161
sources compared, 217-218

Calibrators, 160
Carbohydrates. See Biomolecules
Carboxylic acids, IEC separation of, 6—7
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Carryover, 187, 225
gradient, 174
isolation, 203-204
Case studies, 180—182, 213-222
Cation exchange chromatography
columns, 349. See also Ion-exchange
chromatography
Centrifugation, 190
Cereal storage protein, 256-260
Change one thing at a time, 205
Check-valves
cleaning, 199
failure, 212, 221-223
problems, 209, 211, 224
replacement, 216
sonication, 214
Chemical composition
distribution, 275-278
Chromsword, 109
Cleaning glassware, 200
Cleanliness, 159
Coefficient of variation. See CV
Column
anion-exchange, 349
capacity. See Column, saturation
capacity
cation-exchange, 349
characterization of, 416-433
chemistry change, 225
cleaning, 161, 187, 204
comparing two, 419
dead-volume V,,, 53, 90, 393
dedicated, 159
effect of change in size, 169
efficiency. See Plate number N
equilibration. See Equilibration
equivalent, 157, 419-433
frictional heating, 170
LC-MS, 328
ovens, 170
overload, 225, 283
pH stability, 161
plate number N. See Plate number N
pre-heating, 170
pressure drop. See Pressure
saturation capacity, 289-292, 439
selecting reasonable mobile
phase,161-162
selection, 160—-161, 416—433
selectivity, 419-433
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slow equilibration, 159-160. See also
Equilibration
surface area, 289-290, 439
temperature, 169—-170. See also
Temperature
temperature problems, 224
variability, 122, 157
void, 226
volume, effect on separation,
123-124
Column conditions, 29
effect of diameter on gradient
separation, 51-55. See also
Column, Volume
effect of length on gradient
separation, 51-55
effect on gradient separation, 102—106
effect on isocratic separation, 28—-31
Column equilibration. See Equilibration
Column length. See Column conditions
Column-mobile phase equilibration. See
Equilibration
Column switching, 3-4, 347-348. See
also Sample preparation
Complex samples, 89-90
Component failures. See Specific
components
Compressibility-compensation
errors, 211-212. See also Flow rate,
errors
Compression, gradient. See Gradient
compression
Computer simulation, 18, 80, 108—-120.
See also Resolution maps
accuracy of, 119, 399. See also
Linear-solvent-strength (LSS)
model
column conditions, 112-114
designated peaks, 117-118, 259-260
for peptides and proteins, 254
gradient optimization, 111-112
isocratic predictions, 115-117
LC-MS, 347
options, 116
resolution maps, 109-111, 110, 113,
116, 118, 258, 260
segmented gradients, 117-119
“two-run” procedures, 119
Conditions, effect on gradient
separation, 49-72
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Conformation of macromolecules,
236-238, 272-273

Convergent case, in preparative
separation, 315

“Corresponding” separations, 34—37,
285, 301-302, 373, 374-376

Critical elution behavior, 245-247

Critical mobile phase composition, 278

Critical pair. See Resolution, critical

Critical resolution. See Resolution, critical

Crossing isotherms, 313

CV vs signal-to-noise, 213

Data systems, 141-142
problems, 225
sampling rate, 141, 190
Dead-volume. See Column dead-volume
Decomposition, sample, 193-194, 225,
236-238
Degassing, 136, 159, 187, 214, 221
air peaks, 186—187
and baseline noise, 182
helium sparging, 136
membrane degasser, 136
problems, 211, 219
sample, 187
Degradation. See Decomposition, sample
Delay, gradient. See Gradient delay
Denaturation. See Conformation of
macromolecules
Designated peaks. See Peaks, designated
Detection, UV absorbance of mobile
phase, 82-83
Detectors, 141
cell, 141, 142
noise filter, 141
time constant, 141, 190
“Displacement” effect, 301-302, 304,
318-320
Dissolved air, 186—187. See also
Degassing
Divergent case, in preparative
separation, 315
Divide-and-conquer strategy, 196,
204-205, 218, 223
Double peaks, 226
Drift (baseline), 176—179, 225
acetonitrile, 176
ammonium acetate, 177-178
ammonium carbonate, 178

and wavelength, 176
compensating for, 178
equimolar buffers, 178
methanol, 176
negative, 177
phosphate, 176-177
tetrahydrofuran, 176-177
trifluoroacetic acid and ACN, 179
DryLab® software, 18, 109, 112. See also
Computer simulation
Dwell time. See Dwell volume
Dwell volume, 33, 151, 158, 393-394
adjustment of initial %B, 165—168
and equilibration, 171-174
and gradient volume, 151, 169, 343
compensating for differences,
163-168
differences, 151, 155, 225
during method development, 122
effect of small &y, 376—378
effect on separation, 66—67
high- vs low-pressure mixing, 136—137
injection delay, 163-164
isocratic hold, 164—165
LC-MS, 342
maximum-dwell-volume methods, 165
measurement of, 147
method transfer, 163—168
typical values, 136

Early elution, 88
Easy vs powerful troubleshooting
technique, 205
Eigen peaks. See Ghost peaks
Electrospray ionization (ESI)
interface, 326-327
Elution strength gradients, 365-366
Epimer sample, 193-194
Equilibration, 80, 106, 122, 159, 162,
170-175, 386-391
addition of propanol, 174
and dwell volume, 174
effect on blank gradient, 217-218
incomplete, 169, 172—174, 225
inter-run, 169
ion-pair chromatography, 174, 391
normal-phase chromatography,
174, 391
practical considerations, 174—-175
primary effects, 171-173



reducing, 174

routine analysis, 174

slow, 173

time, 172

volume, 171
Equipment. See also System

bias, 156

checkout, 157-163

comparison of, 135

design, 133-142

manufacturers, 143

“non-ideal”, 393-396

preparative separations, 285-286

repair service, 144

selection, 142-145

special applications, 144
Errors, in linear-solvent-strength

model, 397-400
ESI interface. See Electrospray ionization
Extra peaks, 225. See also Ghost peaks,
Late peaks, 7y peaks
in samples, 185-187. See also
Decomposition, sample

Extra-column effects, 189, 225

peak broadening, 396
Extra-column volume, 142

Fatty acid esters, 114—116
Filter, in-line, 190
Filtration
mobile phase, 190
problems, 218-219
sample, 190
Fingerprint procedure, 77
Flow programming, 3—4
Flow rate. See also Column conditions
effect on gradient separation, 55-58
errors, 137-139, 396
measurement, 149-150
problems, 210-212
Flow test failure, 224
Frit blockage, 190, 197, 207, 210, 226
Fronting peaks, 225

Garbage peak. See t, peaks
General elution problem, 1-3
Generic separations, 5, 77, 334
macromolecules, 248
Ghost peaks, 225
and equilibration time, 183
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blank gradient, 182—185
isolating, 182-185
organic solvents, 184
sources, 185
water, 182
Glassware
cleaning, 200
contamination, 218-219
GLP. See Good Laboratory Practice
Glycophospholipids, 345
Goals of separation, 75-78
Good Laboratory Practice (GLP),
145, 157
GPV. See Gradient-proportioning-valve
Gradient
blank. See Blank gradient
compression, 38, 380—383
linearity failure, 206, 209
peak width. See Peak width, gradient
performance. See System
performance
performance test failure, 223-224
program, 9-10
rounding, 147, 206, 394-396
test failures, 205-213
testing. See System performance
“trimming”. See Gradient range
Gradient carryover, 174
Gradient conditions, 49
Gradient conditions, effect on
separation, 49-72
Gradient delay, 7-8
effect on separation, 63-66. See also
Dwell volume
Gradient distortion, 172, 174, 394-396
LC-MS, 342-343
Gradient elution. See also Gradient
separation
basics. See Gradient elution, theory
compared to isocratic elution, 2,
10-13, 34-37, 39-42,
304-306, 316—317. See also
“corresponding” separations
compared to stepwise elution, 2
history, 3
reasons for, 4-7
theory, 13-18, 31-72,
370-411
theory for macromolecules,
242-248
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Gradient equilibration. See Equilibration
Gradient problems, 88-90, 225-226,
394-396
causes, 225-226
solutions, 225-226
symptoms, 225-226
Gradient range, 8
adjusting, 87-88
effect on separation, 58—-63
optimization of, 95-96
Gradient retention, 32-34, 372-378
compared with isocratic, 374-376
optimization of, 92
Gradient retention factor k*, 13, 33-34,
90-91, 370-374
effect on selectivity, 96—100
Gradient selectivity
effect of £* on, 96—100
optimization of, 92-95
Gradient separation
effect of final percent-B on, 60—63
effect of gradient time, 33-34
effect of initial percent-B,
376-378
effect of initial percent-B, 58—60
fast, 106—108, 274
initial experiment, 76, 79, 80—87,
249-253
method development, 74—130
prediction. See Computer simulation
second-order effects, 386—-396
Gradient shape, 7-10
concave, 8
convex, 8
curved, 7, 240-241
effect on separation, 67-71
linear, 7-9
nonlinear, 67-71
segmented, 7-9, 69-71, 100-102,
114, 117-119, 259-260
Gradient steepness
effect of conditions on, 50-58
intrinsic (b), 17, 32-33
Gradient step-test. See Step-test
Gradient time zg, 7
effect on separation, 50-51
Gradient volume, and dwell volume, 151,
343
Gradient-proportioning-valve (GPV)
test, 148—149
failure, 208-210

Gradients
elution strength, 365-366
selectivity, 365-367
ternary-solvent, 365-368
quaternary-solvent, 365-368
Guidelines, avoiding problems,
154-157

Headache = non-linear gradients
Heating. See also Column, oven,
temperature
High-molecular-weight samples. See also
Macromolecules
problem, 221
High-pressure mixing, 133-134
History of gradient elution, 3
Homo-oligomers, 238-242
Hydrophilic interaction chromatography
(HILIC), 266-267, 361-365
method development, 364—365
Hydrophobic interaction chromatography
(HIC), 262-264

Impurities at #, 225
Incomplete elution, 204
Induced peaks. See Ghost peaks
Initial gradient run. See Gradient
separation, initial experiment
Injection
delay, 163-164
disturbance. See t; peaks
duplicate, 161-162
effect of equilibration, 173
effect on peak shape, 190—193
effect on sample retention, 190—193
of air, 186-187
priming, 159-160
problems, 225
sample volume, 190-193, 292, 312
solvent strength, 190—193
Injection peak. See fy peaks
Injectors. See Autosamplers
In-line filter. See Filter, inline
Installation Qualification (IQ), 157—158
Integration, 141
Interfering peaks. See Peaks, designated
Intrinsic gradient steepness b, 17, 32-33
Ion exchange chromatography (IEC),
264-266, 349-358
effect of gradient conditions, 356
method development, 356—358



mobile phases, 349

retention process, 350—353
Ion suppression, LC-MS, 343-345
Ion trap MS, 328-330
Ion-pair

equilibration, 174

gradient elution of nucleic acid

fragments, 261

“Irregular” sample. See Sample, “irregular”

1Q. See Installation Qualification
Isocratic elution, 1, 10-11, 23-31
compared to gradient elution. See
Gradient elution, compared
to isocratic elution
Isocratic hold. See Gradient delay
Isocratic retention, 23-24, 27-28
prediction from a gradient run,
45-47,416-417

k. See Isocratic retention
k*. See Gradient retention factor
Knox equation, 404-405

“Large” molecules. See Macromolecules
Late elution, 88—89, 187, 204, 225
column washing, 161
LC-MS, 324-348
applications, 325
buffers, 332, 335
challenges, 341-348
co-eluting compounds, 345-346
column conditions, 341
column selection, 328, 330, 340
column switching, 347-348
computer simulation, 347
dwell volume requirements, 342
equilibration requirements, 341
generic methods, 334
gradient distortion, 342-343
infusion experiments, 343-344
initial runs, 339
interface, 326-327
internal standards, 334-335, 346
ion suppression, 343-346
ion trap, 328-330
isocratic methods, 347
isotopic standards, 330, 335
lipid problems, 345
matrix problems, 341
method development, 332-341
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minimum retention, 339, 340

mobile phase selection, 330, 335

multiplexing, 347-348

MUX interface, 348

parallel columns, 347-348

plasma problems, 341

precision and accuracy, 326, 341

principles, 326—330

removing contaminants, 340-341

requirements, 325-326

resolution, 326, 330, 346

sample preparation, 335-339. See also
Sample preparation

sample throughput, 347-348

scouting runs, 339

segmented gradients, 340—341

separation goals, 332-334

single ion monitoring, 344

single stage, 324

solvent selection, 340

specificity, 346

stable-label standards, 335

tandem, 328-330

temperature, 340

trifluoroacetic acid, 345

vs LC-MS/MS, 324

vs LC-UV, 330-332

Leaks, 200, 211-212, 223
Linearity test problems, 206, 224
Linear-solvent-strength (LSS)

gradient, 15

Linear-solvent-strength (LSS)

model, 13-18, 370-386
accuracy of, 397-400
failure of, 393
measurement of parameters, 400

Linear-solvent-strength behavior,

advantages of, 385-386

Lipids, and LC-MS, 345
Liquid chromatography under critical

conditions, 245
(See also “pseudo-critical conditions™)

log k vs %B plot, 36, 40, 44
log k* vs tg plot, 37, 41, 44
Low-pressure mixing, 133-134
Lysozyme variants, 263

Macromolecules

conformation of. See Conformation
of macromolecules
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Macromolecules (Continued )
quaternary structure, 236
separation of, 228-278
separation problems of, 271-274
tertiary structure, 236
theory of gradient separation,

242-248
values of N, 235-236
values of S, 229-235
Mass selective detector, 324
Mass spectrometric
detection. See LC-MS
Method development, 74—130. See also
Gradient separation
avoiding problems, 160-163
gradient preparative
separations, 306—315
guidelines, 160—163
hydrophilic interaction
chromatography, 364-365
ion-exchange chromatography,
356-358
isocratic preparative separations,
292-302
normal-phase chromatography,
360-361
preparative separation, 292-302,
306-315, 317-318
summary, 75, 78

Method instructions, 170

Method transfer
gradient rounding, 169
gradient shape, 169
problems, 163-170
segmented gradient, 169

Microbial growth, 184

Micromixer, 136, 152

Mixing
accuracy, 137
designs, 133-140, 144, 152

high-pressure. See High-pressure mixing

low-pressure. See Low-pressure
mixing
premixing mobile phase, 181
problems, 224
Mixing volume. See Dwell volume
Mobile phase. See also Solvent
absorbance (UV), 82-83
buffers, 84
composition change, 225

contamination, 225
filtration, 190
pH selection, 161
premixing, 181, 197-199, 216
selecting reasonable, 161-162
viscosity, 435
Module substitution troubleshooting
strategy, 196-197, 205
Molecular weight
distribution, 275-278
sample, 229-235
MS. See LC-MS
MS/MS. See Tandem MS
Myoglobin digest, 56-57

Native proteins, 236
New column test, 223
Noise (baseline), 225
absorbance matching, 178, 181
and mixing, 179-180
beat frequency, 180
case study, 180—-182
degassing mobile phase, 182
premixing mobile phase, 181
Non-linear gradients, 206. See also
Gradient shape, segmented
Non-overloaded separation, 283
Normal-phase chromatography (NPC),
359-365
dried solvents, 174
equilibration, 174
polar solvent addition, 174
method development, 360-361
relay gradient elution, 360—-361
Nucleic acids. See also Biomolecules

Oligomers. See Homo-oligomers

Oligonucleotides. See Biomolecules

“On-off” elution, 234-235, 244

of viruses, 268

Operational Qualification (0Q), 146,
157-158

Optimized separation, 75

0Q. See Operational qualification

Orthogonal separation. See Separation,
orthogonal

Osiris, 109

Outgassing, 211. See also Degassing

Ovens, column, 170

Overload, 225



Paclitaxel, 344
Parallel case, in preparative
separation, 314
Parallel chromatography, 347-348
Particle size. See Column conditions
Particulate matter, 190
Peak, distortion, 226
Peak area reproducibility problems,
212-213, 224
Peak asymmetry factor, 188, 418—-419
Peak broadening, 142
Peak capacity, 47-49
required (PC,.,), 49
sample (PC**), 49
Peak matching, 94-95
Peak shape
and injection conditions, 190—193
broadening, 188—190
fronting, 188
in preparative separation, 286—287,
303-304
measuring, 188, 418—-419
problems, 188—194, 225
sample decomposition, 193-194
sample overload, 188
split peaks, 190
tailing, 188, 225
temperature effects, 170
Peak splitting, 190, 226, 386
Peak tailing, 88, 418-419
isocratic vs gradient, 6—7
Peak tailing factor, 418—419
Peak tracking, 119-120
Peak width
and plate number, 189
broad peaks, 225
data sampling rate, 190
extra-column effects, 189
gradient, 38-39, 378-383, 399-400
isocratic, 24-25
preparative separations, 287-288,
441-443
synthetic polymers, 241
Peak width change
and plate number, 189
and resolution, 189
Peaks
designated, 117-118, 259-260
extra, 225
PEEK fittings, 200
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Peptide sample, 220-222
Peptides
gradient separation of, 248-260
initial experiment, 249-253
“irregularity” of, 249-250
method development, 253-256
preparative separation, 318—320
reversed-phase columns for,
252-253, 271
rhGH digest, 249, 253-256
separation problems, 215-217, 271
values of §, 249-250
Perchlorate, for peptide and protein
separations, 252
Performance Qualification (PQ),157-158
Performance. See System performance
Performance test failures, 205-213
pH
adjustment problems, 218-219
mobile phase, 125-127
probe contamination, 219
Phenylurea sample, 62
Plate number N, 404-411
for macromolecules, 235-236
in gradient elution, 38
isocratic, 25
maximum achievable values,

407, 410

optimization of, 102-106,
404-411

preparative separation, 289, 320,
437-439

vs change in peak width, 189
Polymers, synthetic, 241, 275-278
chemical composition
distribution, 277-278
molecular weight distribution, 277
Polystyrenes, 68, 198, 231, 239,
275-277
PQ. See Performance Qualification
Precipitation chromatography,
243-244
Precision vs peak size, 213
Prediction of isocratic separation,
85-87, 115-117
Pre-elution, theory, 376-378
Premixing mobile phase, 197-199,
216, 220, 225
for improved precision, 216-217
Preopt-W, 109
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Preparative separation, 283-321,
436-444

column overload, 283

column saturation capacity,
289-292, 439

convergent case, 315

“corresponding” separations, 285,
304-306, 316-317

crossing isotherms, 313

“displacement” effect, 301-302, 304,
318-320

divergent case, 315

effect of «, 289

effect of k, 289

equipment, 285-286

gradient, 302-321, 441-444

gradient method
development, 306-315

initial isocratic conditions,
292-295

isocratic, 286-302, 436—441

isocratic method
development, 292-302

isocratic vs gradient, 285, 304-306,
316-317

method development, 292-302,
306-315, 317-318

non-overloaded separation, 283

parallel case, 314

peak shape, 286-287, 303-304

peak width, 287-288, 441-443

peptides, 318-320

plate number N, 289, 320

problems, 300-301, 312-315

production scale, 320-321

proteins, 318-320

resolution goal, 296-297

sample displacement, 318—-320

sample solubility, 300-301

sample volume, 292, 312

sample weight, 286—287, 297-300

scale-up, 298-300

severe overload, 284-285, 301-302,
315-321

step gradients, 311-312

“tag-along” effect, 301-302,
304, 317

touching-peak separation, 283,
287-289, 306-315, 444

unequal S values, 314-315

Pressure, 76
as a function of conditions, 406
bleed-down test failure, 212, 224
decay test, 150
effect of column conditions, 103, 105
effect on plate number N, 47,
404-411
problems, 223
restrictor, 211
Pressure drop. See Pressure
Priming injections, 159-160
“Primitive grid search”, 254
Problem isolation
flowchart, 195
strategy, 195-197
Problem solving. See Troubleshooting
Problems
guidelines to avoid problems,
154-157
use of diagnostic chromatograms, 156
macromolecule separations,
271-274
preparative separation, 300—301,
312-315
Production scale separation, 320—321
Proline residues, effect on
conformation, 238
Proportioning problems, 224
Proportioning valve
calibration, 214
failure, 207, 214
problems, 224
timing, 180
Proteins. See also Biomolecules
cereal storage, 256—-260
denaturation of, 248-249, 252
gradient separation of, 248-260
hydrophobic, 272-273
initial experiment, 249-253
“irregularity” of, 249-250
lysozyme variants, 263
method development for, 256—260
native, 236
preparative separation, 318-320
reversed-phase columns for, 252-253,
271
ribosomal, 249, 256-258
sample loss during separation, 272
separation problems of, 271-274
values of §, 249-250



Pseudo peaks. See Ghost peaks
“Pseudo-critical” conditions, 278
Pump. See also High-pressure or
low-pressure mixing
flushing, 139
maintenance, 216
piston cleaning, inspection and
replacement, 200
purging, 139
quaternary, 139
removing air, 197
seal problems, 209, 211-212,
223-224,
seal replacement, 199-200, 216
seal wear, 190
ternary, 139
Put-it-back troubleshooting rule, 205

Quadrupole MS, 328-330

Quaternary structure of
macromolecules, 236

Quaternary-solvent gradients, 365-368

Reagent
blank, 185
contamination, 217-220
quality, 159
Reduced parameters, 405
Reference conditions, 162
Refractive index effect, 185
“Regular” sample. See also Sample,
“regular”
computer simulation of, 114-115
homo-oligomers, 238-242
Regulatory recommendations, isocratic
separation, 27
Relay gradient elution, 360-361
Repeatable separation. See Reproducible
separation
Reproducibility, 205
Reproducibility test, retention,
150-151
Reproducible separation, 79-80,
109-110, 120-124
duplicate runs, 121
during method development,
121-122
during routine analysis, 122—123
method robustness, 121
Reservoir, cleanliness, 183—184

INDEX 459

Resolution
baseline, 25
critical, 25-26, 109
effect of temperature, 28, 109-111
equations, 25, 26, 91
gradient, 39-47
isocratic, 25-27
LC-MS, 346
Resolution maps, 109-111. See also
Computer simulation,
Resolution maps
robust separation, 109-110
Restrictor, back-pressure, 136
Retention. See also Gradient retention
gradient, 397-399
isocratic, 23-24, 27-28. See also
Isocratic retention
isocratic, effect of percent-B, 28
isocratic, prediction from gradient
run, 85-87, 115-117
reproducibility, 150-151, 162
reproducibility problems, 206, 212, 223
reproducibility test, 150—151
reproducibility test failure, 224
test conditions, 150-151
variation, 213-217, 220, 225
Retention factor, gradient. See Gradient
retention factor
Reversed-phase chromatography,
assumed unless noted otherwise
rhGH peptides, 253-256
Ribosomal proteins, 256-260
Rounding, gradient. See Gradient rounding
Routine applications, suggestions,
158-160
Rule of One (troubleshooting), 205
Rule of Two (troubleshooting), 205
Run time, shortening, 30, 103—-108

S (d([log k]1/d¢), 28, 401-404

as a function of sample molecular
weight, 230

effect on gradient separation,
42-45,96-100, 414-415

macromolecules, 229-235, 247-248

measurement of from gradient
data, 400

peptides and proteins, 249-250

unequal values in preparative
separation, 314-315
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Sample
anilines plus carboxylic acids
(“irregular™), 15
assessment, 76
“break through”, 273-274
classification of, 19-21
cleanliness, 162
complex, 47-49, 119
decomposition, 193-194, 225
displacement, 318-320
effect of ionization on saturation
capacity, 290-292
effect on separation, 78—79
herbicides (“regular”), 1, 15
“irregular”, 19-21
“irregular”, effect of gradient
conditions, 92—-100
molecular weight effects,
229-235
“regular”, 19-21
solubility, 300-301
Sample preparation, 6, 80, 336—339
column switching, 337-338, 348
dilution, 336
liquid-liquid extraction, 337
on-line cleanup, 337
protein precipitation, 336
recovery, 337
solid phase extraction, 336-337
virus, 447-448
Sample pretreatment blank, 185
Sample volume overload, preparative
separations, 292, 312
Sample weight, effect on
separation, 286-287
Sampling rate, data, 190
Saturation capacity. See Column,
saturation capacity
Scale-up, 298-300
Schlieren effect, 185
Second-order effects in gradient
elution, 386-396
Segmented gradients. See Gradient shape,
segmented
Selectivity, 124—127. See also Gradient
selectivity
effect of different conditions
compared, 126
isocratic, 28
gradients, 365-367

Separation
isocratic. See Isocratic separation
orthogonal, 127-130
two-dimensional, 128—-130
Separation artifacts, 175-194
Separation conditions. See Conditions
Separation factor a, 26-27. See also
Selectivity, Gradient selectivity
Separation goals, 75-78
Severe overload, 284-285, 301-302,
315-321
Shallow gradients
premixing, 197-199
problems, 197-199
Shape. See Gradient shape, Peak shape
Signal-to-noise vs CV, 213
Silanol interactions, 225
Siphon test, 197
Size-exclusion chromatography, 244
Solvent. See also Mobile phase
compressibility, 137-139
contamination, 225
demixing, 391-393
demixing for normal-phase
chromatography, 392
premixing, 216
purity, 182-185
siphon test, 197
uses of several, 139
viscosity, 137-139. See also Mobile
phase, viscosity
volume changes, 137-139
Solvent composition change, 225
Solvent front. See f, peaks
Solvent inlet-frit blockage, 207, 210
Solvent proportioning, 135-136. See also
Mixing
errors, 136
Sonication, check-valve, 199
Split peaks, 190, 226
Spurious peaks. See Ghost peaks
Standards, 160, 334-335, 346
Stationary phase diffusion, 383
Step gradients, for preparative
separation, 311-312
Step-test, 247-248
failure, 206-210, 214, 221-222, 224
Stepwise elution, 1-2, 8
Substitution, module
(troubleshooting), 205



Switching valves, 337-338
Synthetic polymers. See Polymers,
Synthetic
System. See also Equipment
System cleanliness, 159
System peaks. See Ghost peaks
System performance
acceptance criteria, 145, 148, 149
acetone test, 146
dwell volume. See Dwell volume
flow rate check, 149
gradient linearity, 146—147
gradient rounding, 147
gradient tests, 146—149
measuring, 145-151
peak area reproducibility, 151,
212-213
pressure bleed-down, 150, 212
retention reproducibility, 150-151,
212-213
step-test, 147148
step-test failure, 206—208
test failures, 205-213, 224
typical parameters, 145
System suitability, 155, 160, 196, 223
failure, 220
System tests. See System performance

1o peaks, 185-186
“Tag-along” effect, 301-302, 304, 317
Tailing peaks. See Peak tailing or peak
shape
Tandem MS, 328-330
Temperature. See also Column
temperature
bias, 169-170
effect on peptide separation, 253-256
effect on protein recovery, 272
effect on protein separation, 256—260
effect on selectivity, 92—94
equilibration, 169-170
frictional heating, 170
inadequate control, 155-156, 225
isocratic, 28—29
peak shape, 170
problems, 224, 226
programming, 3—4
Ternary-solvent gradients, 365-368
Tertiary structure of macromolecules, 236

INDEX 461

Test failures, 205-213, 224. See also
System performance
Tetrahydrofuran, 125
TFA. See Trifluoroacetic acid
Time constant, detector, 190, 225
Touching-peak separation, 283,
287-289, 306-315, 444
Transfer, method. See Method transfer
Trifluoroacetic acid (TFA)
degradation, 201
for peptide and protein separations,
252
suggestions for use, 201
Troubleshooting. See also Specific
problems and Chapter 5
case studies, 213-222
emergency instructions,
194-195
rules of thumb, 204-205
strategy, 195-197
suggestions, 197-205
Tubing, 142
minimizing length, 189
Two-dimensional separation,
128-130
of peptides and proteins, 274
“Two-run” procedures, 119

Unretained peaks. See t, peaks

UPLC, 141, 144

USP tailing factor, 188, 418-419

UV absorbance of mobile phase,
82-83

Vacancy peaks. See Ghost peaks

Virus. See also Biomolecules
chromatography, 448-449
sample preparation, 447-448
separations, 267-271
structure, 445-447

Viscosity changes, 223

Viscous fingering, 383

Water
cleanup, 201-203
purity, 201-203
scrubber column, 201-203

Xanax separation, 345



