
W
ebster
Kott

Gregory K. Webster | Laila Kott
edited  by

Chrom
atographic M

ethod Developm
ent

Chromatographic Method 
Development

“What makes this book valuable is that it is written by experienced chromatography experts 
and edited by pharmaceutical scientists with a strong chromatography background, which 
offers excellent insight into and approaches to the chromatography challenges we face today 
and will in the future. Practical, everyday methods that must not only offer robustness but also 
provide the selectivity needed for modern molecules can be taken from this book, which will 
one day be considered a main resource for beginner and expert chromatographers.”

Bill Ciccone
MicroSolv Technology Corporation, USA

“Featuring a merger of critical literature review with the vital steps of method development, this 
book is unparalleled in terms of its efficient approach to developing a variety of HPLC methods 
and quality by design approaches using modeling software that enables the implementation 
of a systematic approach to method development to avoid such time-consuming processes.”

 S. John Albazi
Northeastern Illinois University, USA

This book is a comprehensive compilation of modern and cutting-edge chromatographic 
techniques written by pharmaceutical industry experts, academics, and vendors in the 
field. It is an inclusive guide to developing all chromatographic methods (such as liquid 
chromatography and gas chromatography). It covers modern techniques for developing 
methods using chromatographic development software, requirements for validations, 
discussion on orthogonality, and how to transfer methods from HPLC to UHPLC. The text 
introduces some newer techniques that are heavily employed by chemists analyzing proteins 
and RNAi, as well novel techniques such as counter current chromatography. The book is 
valuable for both the novice starting out in undergraduate labs and those who are new to the 
pharmaceutical industry and is a useful reference for seasoned analysts.

Gregory K. Webster is a senior principal research scientist at AbbVie Inc. He 
obtained his BS in chemistry from St. Xavier College, MS in analytical chemistry 
from Governors State University, and PhD in analytical chemistry from Northern 
Illinois University. Dr. Webster’s industrial career spans an employment history 
with several major pharmaceutical companies. His previous books with Jenny 
Stanford Publishing are Supercritical Fluid Chromatography: Advances and 

Applications in Pharmaceutical Analysis (2014) and Poorly Soluble Drugs: Dissolution and Drug 
Release (2016).

Laila Kott is senior director of CMC at Xenon, Canada. She earned her BS in 
chemistry from the University of Toronto, MS in chemistry from the University 
of Waterloo, and PhD in bioanalytical chemistry from the University of 
Massachusetts. Dr. Kott’s industrial experience spans from early-stage to late-
stage development to post-approval commitments. She has experience working 
in several large pharmaceutical companies, contract analytical labs, and 

biotech startups. Her analytical background reflects her deep knowledge of many analytical 
techniques, which is echoed in her list of publications. 

ISBN 978-981-4800-53-2
V701

Vol. 3 Jenny Stanford Series on Pharmaceutical Analytics — Volume 3



Chromatographic Method 
Development



Jenny Stanford Series on Renewable Energy
Series Editor
Wolfgang Palz

Titles in the Series

Vol. 1
Supercritical Fluid Chromatography: 
Advances and Applications in 
Pharmaceutical Analysis
Gregory K. Webster, ed.
2014
978-981-4463-00-3 (Hardcover)
978-981-4463-01-0 (eBook)

Vol. 2
Poorly Soluble Drugs: Dissolution  
and Drug Release
Gregory K. Webster, J. Derek Jackson, 
and Robert G. Bell, eds.
2017
978-981-4745-45-1 (Hardcover)
978-981-4745-46-8 (eBook)

Vol. 3
Chromatographic Method 
Development
Gregory K. Webster and Laila Kott, eds.
2020
978-981-4800-53-2 (Hardcover)
978-0-429-20172-1 (eBook)



edited by

Gregory K. Webster
Laila Kott

Chromatographic Method 
Development

Jenny Stanford Series on Pharmaceutical Analytics — Volume 3



Published by

Jenny Stanford Publishing Pte. Ltd.
Level 34, Centennial Tower
3 Temasek Avenue
Singapore 039190 
 
 
Email: editorial@jennystanford.com
Web: www.jennystanford.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

Chromatographic Method Development

Copyright © 2020 Jenny Stanford Publishing Pte. Ltd.

All rights reserved. This book, or parts thereof, may not be reproduced in any 
form or by any means, electronic or mechanical, including photocopying, 
recording or any information storage and retrieval system now known or 
to be invented, without written permission from the publisher.

For photocopying of material in this volume, please pay a copying fee 
through the Copyright Clearance Center, Inc., 222 Rosewood Drive, 
Danvers, MA 01923, USA. In this case permission to photocopy is not 
required from the publisher.

ISBN 978-981-4800-53-2 (Hardcover)
ISBN 978-0-429-20172-1 (eBook)



Contents

Preface	 xxi

1.	 A Lesson Learned from UHPLC	 1

	 Gregory K. Webster and Laila Kott

	 1.1	 Introduction	 1
	 1.2	 Technology and Chromatography	 2

	 1.2.1	 New Goal of Method Development: Speed	 3
	 1.3	 The Chromatography Market	 4
	 1.4	 Chromatographic Method Development	 4

	 1.4.1	 Software for Chromatographic Method 
Development	 5

	 1.4.2	 Flash Chromatography Method  
Development	 5

	 1.4.3	 Orthogonality in Column Chromatography	 5
	 1.4.4	 Unified Approach to Reversed-Phase and  

Normal-Phase Chromatography	 6
	 1.4.5	 Polysaccharide-Derived Chiral Stationary  

Phases for the Separation of Enantiomers	 6
	 1.4.6	 Chiral Chromatography: Method  

Development	 6
	 1.4.7	 Aqueous Normal-Phase Chromatography  

Using Type-C Silica Columns	 7
	 1.4.8	 Ion Chromatography Columns	 7
	 1.4.9	 Ion Chromatography: Method Development	 7
	 1.4.10	Fundamentals, Properties, and Applications  

of Stationary Phases of Gas Chromatography 
Method Development	 8

	 1.4.11	Gas Chromatography Method Development	 8



vi Contents

	 1.4.12	Method Transfer from HPLC to UHPLC	 8
	 1.4.13	Chromatographic Method Validation	 9
	 1.4.14	Method Development Strategies for Ion  

Exchange Chromatography Using pH  
Gradient Separation for mAbs, Antibody  
Drug Conjugates, and Other Complex  
Bio-Pharmaceuticals	 9

	 1.4.15	Size Exclusion Chromatography Method 
Development for Therapeutic Proteins	 9

	 1.4.16	Ionic Liquids and Counter-Current 
Chromatography: Is This the Future of  
Process Purifications?	 10

2.	 Software for Chromatographic Methods Development	 13

	 Aoi Ariyasu and Eiki Maeda

	 2.1	 Introduction	 13
	 2.2	 General Features of Software	 15

	 2.2.1	 Typical Procedure for the Systematic  
Development of Analytical Methods and  
the Effect of the Software Employed	 15

	 2.2.2	 General Software Features and  
Applicability to the Various Stages of  
Analytical Method Development	 18

	 2.3	 Application of Software to Analytical Method 
Development	 20

	 2.3.1	 Structure-Based Retention Prediction	 21
	 2.3.2	 Chromatogram Simulation	 22
	 2.3.3	 Method Scouting/Screening	 26
	 2.3.3.1	 Online method scouting	 26
	 2.3.3.2	 Offline method scouting	 29
	 2.3.4	 Method Optimization	 30
	 2.3.4.1	 Method optimization using 

chromatographic software	 34
	 2.3.4.2	 Method optimization using DOE  

software	 36
	 2.3.5	 Robustness Evaluation	 42



viiContents

	 2.4	 Advantages and Disadvantages of Using  
Available Method Development Software  
Programs	 44

	 2.5	 Future Perspective	 46

3.	 Flash Chromatography Method Development	 53

	 J. Robert Bickler

	 3.1	 Introduction	 53
	 3.2	 Goal Setting	 54
	 3.3	 Starting Out	 54

	 3.3.1	 Thin-Layer Chromatography	 55
	 3.3.2	 Using TLC to Scout Suitable Elution  

Solvents	 56
	 3.4	 Determining Cartridge Load Capacity	 58
	 3.5	 Determining Elution Style	 60

	 3.5.1	 Isocratic Elution	 60
	 3.5.2	 Linear Gradient Elution	 60
	 3.5.2.1	 Linear gradients from 0% to 100%	 62
	 3.5.3	 Step Gradient Elution	 62

	 3.6	 Choosing between Normal- and Reversed Phase	 63
	 3.7	 Conclusion	 64

4.	 Orthogonality in Chromatographic Methods	 65

	 Zachary S. Breitbach and Gregory K. Webster

	 4.1	 Introduction	 65
	 4.2	 Traditional View of Orthogonal LC Methods	 66
	 4.3	 Column Orthogonality in Reversed-Phase 

Chromatography	 66
	 4.3.1	 Introduction	 66
	 4.3.2	 Hydrophobic Subtraction Theory	 68
	 4.3.2.1	 HST for column comparison	 69
	 4.3.2.2	 HST values for commercial  

reversed-phase columns	 69
	 4.3.2.3	 HST for orthogonal reversed-phase  

separations	 70



viii Contents

	 4.4	 Orthogonality in Traditional Normal-Phase LC	 72
	 4.5	 Orthogonality in Supercritical Fluid  

Chromatography	 74
	 4.6	 Orthogonality in HILIC	 77
	 4.7	 Orthogonality in Chiral Chromatography	 79
	 4.8	 Orthogonality in Multi-Dimensional  

Chromatography	 79
	 4.9	 Conclusion	 82

5.	 Unified Approach to Reversed-Phase and Normal-Phase 
Chromatographic Method Development	 85

	 Gregory K. Webster

	 5.1	 Introduction	 85
	 5.2	 Unified Approach to Method Development	 86

	 5.2.1	 “Like Dissolves Like”	 86
	 5.2.2	 Information and Samples Required	 87

	 5.3	 Reversed-Phase Chromatography	 89
	 5.3.1	 Control of Analyte Retention	 89
	 5.3.2	 Hydrophobic Subtraction Theory/Columns	 90
	 5.3.3	 Solvent Strength	 90
	 5.3.4	 Screening	 91
	 5.3.4.1	 System considerations: UHPLC  

vs. Traditional	 91
	 5.3.4.2	 Traditional approach	 93
	 5.3.4.3	 Automated approach	 95
	 5.3.5	 Ion Pair Reagents	 100
	 5.3.6	 Reversed-Phase Screen Conditions	 101

	 5.4	 Normal-Phase Chromatography	 101
	 5.4.1	 Control of Analyte Retention	 102
	 5.4.2	 Hydrophobic Subtraction Theory	 102
	 5.4.3	 Solvent Strength	 103
	 5.4.4	 Ionic Samples	 103
	 5.4.5	 Screening	 104
	 5.4.5.1	 Mobile phases	 104
	 5.4.5.2	 Columns	 104



ixContents

	 5.4.5.3	 Automated Normal-Phase  
Screening Systems	 106

	 5.5	 Hydrophilic Interaction Liquid Chromatography	 107
	 5.5.1	 Control of Analyte Retention	 108
	 5.5.2	 Hydrophobic Subtraction Theory	 108
	 5.5.3	 Solvent Strength	 108
	 5.5.4	 Ionic Samples	 109
	 5.5.5	 Screening	 109
	 5.5.1.1	 Mobile phases	 109
	 5.5.1.2	 Columns	 110
	 5.5.1.3	 Automated HILIC phase  

screening systems	 110
	 5.5.1.4	 HILIC screen conditions	 110

	 5.6	 Conclusion	 111

6.	 Polysaccharide-Derived Chiral Stationary Phases for  
the Separation of Enantiomers	 115

	 Tong Zhang and Pilar Franco

	 6.1	 Introduction	 115
	 6.2	 Column and Mobile Phase Selection	 118

	 6.2.1	 Method Screening with Organic Mobile  
Phases in HPLC	 119

	 6.2.1.1	 Immobilized CSPs under organic  
mobile phase conditions	 120

	 6.2.1.2	 Coated CSPs under organic  
mobile phase conditions	 124

	 6.2.2	 Method Screening with Aqueous or  
Water Compatible Mobile Phases in HPLC	 125

	 6.2.2.1	 Immobilized CSPs in aqueous  
or water compatible solvent  
mixtures	 125

	 6.2.2.2	 Coated CSPs in aqueous or water 
compatible solvent mixtures	 128

	 6.2.3	 Mobile Phases in SFC	 128
	 6.2.3.1	 Immobilized CSPs in SFC	 128
	 6.2.3.2	 Coated CSPs in SFC	 130



� Contents

	 6.3	 The Role of Additives	 131
	 6.4	 Column Temperature	 132
	 6.5	 Effects of Flow Rate and Particle Size	 136
	 6.6	 Influence of Analyte Structure and the  

Substituent Effect	 140
	 6.7	 Column Maintenance, Cleaning, and  

Regeneration	 144
	 6.8	 Conclusions	 148

7.	 Chiral Chromatography: Method Development	 157

	 Laila Kott and Gregory K. Webster

	 7.1	 Introduction	 157
	 7.2	 Start at the End, with the Detectors	 158

	 7.2.1	 Polarimeters	 159
	 7.2.2	 Circular Dichroism Detector	 161
	 7.2.3	 When Chromatography Does Not Work:  

An Alternative Technique	 162
	 7.3	 Next Step—the Type of Chromatography	 163

	 7.3.1	 Choice of Phase	 163
	 7.3.2	 Normal-Phase Screening	 164
	 7.3.3	 Supercritical Fluid Chromatography  

Screening	 165
	 7.3.4	 Reverse-Phase Screening	 167
	 7.3.5	 Screening Success	 170

	 7.4	 The Columns	 170
	 7.4.1	 Polysaccharide-Type Columns	 170
	 7.4.2	 Pirkle-Type Columns	 171
	 7.4.3	 Antibiotic Type Columns	 172
	 7.4.4	 Columns for Ultrafast Chiral Separations	 172
	 7.4.5	 Other Phases for Chiral Separations	 174

	 7.5	 Conclusions	 175

8.	 Aqueous Normal-Phase Chromatography Using  
Type C Silica Columns	 179

	 Joseph J. Pesek and Maria T. Matyska

	 8.1	 Introduction	 180



xiContents

	 8.2	 Silica Hydride	 181
	 8.3	 Applications of Silica Hydride-Based Separation 

Materials	 186
	 8.3.1	 Reversed Phase	 186
	 8.3.2	 Use of Aqueous Normal Phase for Polar 

Compounds	 189
	 8.3.3	 Organic Normal Phase on Silica Hydride	 197

	 8.4	 Method Development Strategies on Silica  
Hydride Phases	 199

	 8.4.1	 Mobile Phase Selection	 200
	 8.4.2	 Equilibration for Reversed-Phase	 200
	 8.4.3	 Reversed-Phase Gradient	 201
	 8.4.4	 Equilibrate for Aqueous Normal Phase	 201
	 8.4.5	 Aqueous Normal-Phase Gradient	 201
	 8.4.6	 Compare Reversed-phase and Aqueous  

Normal-Phase Data	 201
	 8.5	 Conclusions	 202

9.	 Ion Chromatography Columns	 209

	 Christopher Pohl

	 9.1	 Introduction	 209
	 9.2	 Cation-Exchange Phases	 211

	 9.2.1	 Surface-Sulfonated Cation-Exchange  
Phases	 211

	 9.2.2	 Sulfonated Latex-Based Cation-Exchange  
Phases	 212

	 9.2.3	 Polymer-Encapsulated Weak Acid  
Cation-Exchange Phases	 216

	 9.2.4	 Polymer-Grafted Weak Acid Cation-Exchange 
Phases	 217

	 9.2.5	 Polymer-Grafted Strong and Weak Acid  
Cation-Exchange Phases	 219

	 9.2.6	 Cation-Exchange Phases for Transition  
Metal Separations	 220

	 9.3	 Anion-Exchange Phases	 224



xii Contents

	 9.3.1	 Quaternary Latex-Based Anion-Exchange  
Phases on Nonporous Substrates	 224

	 9.3.2	 Quaternary Latex-Based Anion-Exchange  
Phases on Wide-Pore Substrates	 227

	 9.3.3	 Adsorbed Coating Anion-Exchange Phases	 229
	 9.3.4	 Polymer-Grafted Strong Base  

Anion-Exchange Phases	 230
	 9.3.5	 Surface-Chloromethylated High  

Cross-Link Macroporous Anion-Exchange  
Phases	 231

	 9.3.6	 Polyvinyl Alcohol Backbone  
Anion-Exchange Phases	 232

	 9.3.7	 Hyperbranched Anion-Exchange Phases  
on Wide-Pore Substrates	 233

10.	Ion Chromatography: Method Development	 237

	 Laila Kott

	 10.1	 Introduction	 237
	 10.2	 Components of the System	 238
	 10.2.1	 Columns	 239

	 10.2.1.1	 Anionic columns	 240
	 10.2.1.2	 Cationic columns	 241
	 10.2.2	 Eluants	 242

	 10.2.2.1	 Anionic eluants	 243
	 10.2.2.2	 Cationic eluants	 244
	 10.2.3	 Suppressor Theory, Operation, and 

Troubleshooting	 244
	 10.2.4	 Detectors	 246

	 10.2.4.1	 Conductivity detector	 246
	 10.2.4.2	 Other detectors and their  

uses	 251
	 10.3	 Method Development	 252
	 10.3.1	 Sample Preparation and Diluents	 252
	 10.3.2	 Isocratic and Gradient Elution	 253
	 10.3.3	 Suppressor Current Settings	 255



xiiiContents

	 10.3.4	 Temperature Effects	 258
	 10.4	 General System Troubleshooting	 258
	 10.5	 Applications	 259

11.	Fundamentals, Properties, and Applications of Stationary 
Phases for Gas Chromatography Method Development	 263

	 Omprakash Nacham and Jared L. Anderson

	 11.1	 Introduction	 264
	 11.2	 Column Preparation and Evaluation	 266
	 11.2.1	 Materials and Methods Involved in  

Preparation of WCOT Capillary Columns	 266
	 11.2.2	 Evaluation of Gas Chromatographic  

Column Performance	 268
	 11.3	 Selectivity of Gas Chromatographic Stationary  

Phases	 270
	 11.3.1	 Solvation Parameter Model	 271
	 11.4	 Stationary Phase Materials	 272
	 11.4.1	 Aliphatic and Aromatic Hydrocarbon- 

Based Stationary Phases	 273
	 11.4.2	 Poly(Siloxane)-Based Stationary Phases	 274

	 11.4.2.1	 Preparation of poly(siloxane)- 
based stationary phases for  
open tubular columns	 276

	 11.4.2.2	 Modified poly(siloxane)  
stationary phases for chiral  
analysis	 280

	 11.4.2.3	 Chiral separations using  
α-amino acid-based  
poly(siloxanes)	 280

	 11.4.2.4	 Chiral separations using  
cyclodextrin-based  
poly(siloxanes)	 281

	 11.4.3	 Poly(Alkylene Oxide)-Based Stationary  
Phases	 282

	 11.5	 Ionic Liquids and Polymeric Ionic Liquids as  
Emerging Stationary Phase Materials	 283



xiv Contents

	 11.5.1	 Influence of Physicochemical Properties  
of ILs on Column Performance	 284

	 11.5.1.1	 Melting point	 284
	 11.5.1.2	 Viscosity	 285
	 11.5.1.3	 Thermal stability	 286
	 11.5.1.4	 Surface tension	 287
	 11.5.2	 Imidazolium and Phosphonium-Based IL 

Stationary Phases	 287
	 11.5.3	 Polymeric Ionic Liquid-Based Stationary  

Phases	 293
	 11.6	 Conclusions and Future Directions	 294

12.	Gas Chromatography Method Development	 309

	 Tien Ho and John C. Vinci

	 12.1	 Gas Chromatography in the Pharmaceutical  
Setting	 309

	 12.2	 Instrument and Column Optimization	 310
	 12.2.1	 Split/Splitless Inlet	 311

	 12.2.1.1	 Split injection	 312
	 12.2.1.2	 Splitless injection	 313
	 12.2.2	 Column Dimensions	 314

	 12.2.2.1	 Column inner diameter	 314
	 12.2.2.2	 Column length	 315
	 12.2.2.3	 Film thickness	 316
	 12.2.3	 Linear Velocity	 320
	 12.3	 Optimization of Separation Temperature	 321
	 12.3.1	 Programmed Temperature Separations	 322
	 12.3.2	 Isothermal Separations	 324
	 12.4	 Fast GC: A Culmination of Instrument, Column  

and Temperature Optimization	 325
	 12.5	 Conventional GC Detectors Applied in  

Pharmaceutical Analyses 	 328
	 12.5.1	 Thermal Conductivity Detector	 328
	 12.5.2	 Flame-Ionization Detector	 329
	 12.5.3	 Electron Capture Detector	 331



xvContents

	 12.6	 GC/Mass Spectrometry	 333
	 12.6.1	 Ionization by GC/MS	 335

	 12.6.1.1	 Chemical ionization	 335
	 12.6.1.2	 Electron ionization	 337
	 12.6.2	 Systematic Approaches for Chemical  

Structure Elucidation by EI-GC/MS	 340
	 12.6.2.1	 Interpretation of mass spectral  

via database 	 340
	 12.6.2.2	 Manual interpretation of mass  

spectral data	 342
	 12.7	 Considerations for Using GC in the  

Pharmaceutical Setting	 346
	 12.7.1	 Analysis of Residual Solvents	 346
	 12.7.2	 Analysis of Ordinary Impurities	 351
	 12.7.3	 Main Component (Assay) Methods	 354
	 12.7.4	 In-Process Testing	 355
	 12.7.5	 Mutagenic Impurities	 356
	 12.8	 Final Remarks	 360

13.	Method Transfer between HPLC and UHPLC	 367

	 Susanne Fabel

	 13.1	 Introduction	 367
	 13.2	 Method Transfer Strategy	 368
	 13.2.1	 Geometric Rules for Transfer from  

HPLC to UHPLC	 369
	 13.2.2	 System Requirements	 375

	 13.2.2.1	 Column choice	 375
	 13.2.2.2	 Mobile phase	 376
	 13.2.2.3	 Flow rate	 377
	 13.2.2.4	 Injection volume	 378
	 13.2.2.5	 Extra-column volume	 378
	 13.2.2.6	 Data collection rate, injection  

cycle	 380
	 13.2.3	 Method Transfer Applied to Isocratic  

Methods	 381



xvi Contents

	 13.2.4	 Method Transfer Applied to Gradient  
Methods	 382

	 13.2.4.1	 Gradient-delay volume	 385
	 13.3	 Method Transfer Tools	 387
	 13.4	 Limitations of Method Transfer	 388
	 13.4.1	 Frictional Heating	 388
	 13.4.2	 Stationary Phase Differences	 390
	 13.4.3	 Regulatory Limitations	 392
	 13.5	 Conclusion	 394

14.	Small-Molecule Pharmaceutical Impurities Test Method 
Validation: Precision Acceptance Criterion	 397

	 Russell L. Hertzler, Mark D. Johnson, Teodora Moldovan,  
Michael D. Oberlander, James Reynolds, Holger van Lishaut,  
and Yanbing Zheng

	 14.1	 Introduction	 397
	 14.2	 Horwitz’s Empirical Observation of Test  

Method Variability as a Function of Analyte 
Concentration	 400

	 14.2.1	 Horwitz’s Acceptable Observed Test  
Method Reproducibility: RSDR, Observed	 407

	 14.2.2	 Evaluation of AbbVie Test Method  
Validation Repeatability, Intermediate  
Precision Performance	 408

	 14.2.3	 Discussion and Conclusion	 411

15.	Method Development Strategies for Ion Exchange 
Chromatography Using pH Gradient Separation for  
mAbs, Antibody Drug Conjugates (ADCs) and Other  
Complex Bio-Pharmaceuticals	 415

	 Norman L. Fischer and Scott Allen

	 15.1	 Introduction	 415
	 15.1.1	 Salt and pH Gradient IEC Separations	 417
	 15.2	 Approaches to pH Gradient Separations	 418
	 15.2.1	 Individual Acidic and Basic Buffers/No  

pH Adjustment	 418



xviiContents

	 15.2.2	 Combined Buffers with pH Adjustment	 419
	 15.2.3	 Buffers Covering a Narrower pH Range	 420
	 15.2.4	 General Concept of pH Gradient  

Separations	 420
	 15.3	 Impact of Ions on IEC Separations	 421
	 15.3.1	 Impact of Ions from pH Adjustment on  

Salt Gradient Separations	 422
	 15.3.2	 Impact of Ions from pH Adjustment on  

pH Gradient Separations	 423
	 15.3.3	 Impact of Ions from Buffer Concentration  

on pH Gradient Separations	 425
	 15.3.4	 Further Evaluation of Buffer  

Concentration	 430
	 15.3.5	 Buffer Composition	 431
	 15.4	 Molecule Information and Method Development	 434
	 15.4.1	 Mobile Phase Considerations for pH  

Gradient Separations	 434
	 15.4.2	 mAb pI, Subclass, and Buffer  

Concentration	 435
	 15.4.3	 mAbs with Higher pIs and Ionic  

Strength Gradients	 441
	 15.4.4	 Ionic Strength Gradients and Fusion  

Proteins	 445
	 15.4.5	 AEX pH Gradient Separations:  

Vaccines	 446
	 15.4.6	 Parent mAb and ADC Separations	 448
	 15.5	 Benefits of Narrow vs. Wide pH Gradients	 450
	 15.6	 Platform Application of ph Gradients	 453
	 15.7	 Purification Using pH Gradient Separations	 455
	 15.8	 Mobile Phase Preparation	 455
	 15.9	 Sample Preparation	 458
	 15.10	Columns and Column Temperature	 460
	 15.11	Choosing the Separation Mode	 462
	 15.12	System/Column Equilibration	 465



xviii Contents

	 15.13	Summary	 467
	 15.14	Conclusions	 467

16.	Size Exclusion Chromatography Method Development  
for Therapeutic Proteins	 471

	 Alexandre Goyon, Jean-Luc Veuthey, Davy Guillarme,  
Szabolcs Fekete

	 16.1	 Introduction to Size Exclusion Chromatography	 471
	 16.2	 Theoretical Aspects	 472
	 16.3	 Method Development of Proteins	 477
	 16.3.1	 Stationary-Phase Selection	 477

	 16.3.1.1	 Pore size, particle size, and  
column dimensions	 477

	 16.3.1.2	 Stationary-phase chemistry	 480
	 16.3.2	 Mobile-Phase Selection  

(Salts, Buffers, Organic Modifier)	 483
	 16.3.3	 Effect of Mobile-Phase Temperature	 487
	 16.4	 Applications for Protein Analysis	 488
	 16.5	 Perspectives	 490

17.	Countercurrent Chromatography Using Biphasic  
Molecular Liquids and Ionic Liquids: Is This the  
Future for Laboratory and Process Purifications?	 497

	 Leslie Brown and Martyn J. Earle

	 17.1	 Introduction	 497
	 17.1.1	 Countercurrent Chromatography/ 

Centrifugal Partition Chromatography 
Instrumentation for Ionic Liquid  
Applications	 498

	 17.1.2	 CCC/CPC Separations Using Ionic  
Liquids	 498

	 17.1.3	 Aqueous Biphasic Solvent Systems  
Using Ionic Liquids	 499

	 17.2	 Optimization of Ionic Liquid and Molecular  
Biphasic Solvent Systems for CCC/CPC	 501

	 17.2.1	 Introduction	 501



xixContents

	 17.2.2	 Ionic Liquids in Biphasic Solvent  
Selection for CCC	 502

	 17.2.3	 CCC/CPC Method Development	 504
	 17.2.4	 The “Attraction-Repulsion Principle” of  

Biphasic Eluent Optimization	 506
	 17.2.5	 Ionic Liquid Solvent System Selection	 513
	 17.2.6	 Summary of the CCC Use of Ionic  

Liquid–Liquid Chromatography	 517
	 17.3	 Conclusion	 518

Index	 531





Preface

From Greg Webster

Years ago, when starting my industrial analytical chemist career, 
the company I started working for directly out of graduate school 
sent me to the HPLC Methods Development course by Lloyd Snyder 
and Joseph Kirkland. Having spent most of my graduate years on 
spectroscopy-related research, I was excited to “fill in the gaps”  
from the several chromatography courses I had taken. I knew my 
practical experience was lacking.
	 Snyder and Kirkland’s love of chromatography was evident in  
their teaching. It was contagious and set the foundation for an 
analytical career that has spanned several decades and many 
chromatography applications. After moving back to Chicago, I was 
asked to teach a graduate chromatographic methods development 
class at Governors State University. The previous instructors 
focused the class on regulatory applications and requirements of 
chromatography. My view was that students need more method 
development theory to be successful in industry—regulations 
are not much help without suitable selectivity for the analytical  
method. The standard text for liquid chromatographic development 
is and remains Snyder and Kirkland’s Practical HPLC Method 
Development and I used it for several classes.�
	 I joked after finishing my second book with Pan Stanford 
Publishing (now Jenny Stanford Publishing), Poorly Soluble Drugs: 
Dissolution and Drug Release, that never again would I take on  
such an undertaking.� I also realized an update in text was needed 
after driving home from a lecture at Governors State in which  
I was getting tired of telling students that they needed to focus on 
the principles of Snyder and Kirkland’s text, mostly because the  
specific columns and instruments used in 1997 were no longer  

�Practical HPLC Method Development, 2nd edition, L. R. Snyder, J. L. Kirkland, J. L. 
Glajich, ©1997, Wiley-Interscience, Print ISBN 978-0471007036.
�Poorly Soluble Drugs: Dissolution and Drug Release, G. K. Webster, J. D. Jackson, R. G. 
Bell (editors). ©2017, Pan Stanford Publishing, Print ISBN 978-981-4745-45-1.
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in use in current industrial laboratories. For example, few of us 
will ever use a 250 × 4.6 mm column packed with 10 µm particles 
again. I told them my true life experiences of the battles I personally  
had with sister laboratories trying to get them to move from  
5 to 3 µm particles and then ultimately having to do it all over  
again with UHPLC packings. After further reflection, I called my  
dear, very energetic and motivated friend and former co-worker  
Laila to see if she was interested in undertaking what at this time  
is truly to be my last chemistry book venture. I told Laila that no  
one rewrites a “bible.” If we were going to do something, we had 
to be different. We decided on a text that covers not just liquid 
chromatographic methods development but all the methods that  
an industrial chromatographer may see. Our idea was born. Laila 
and I approached Jenny Stanford Publishing with our idea and 
outline of the proposed chapters. With their interest assured, we 
then contacted those we knew who were subject matter experts  
in their assigned chapter.
	 Of course, life and work get in the way. A text we hoped to  
complete in 2017 was finished in 2019. I thank Laila for the periods 
where she drove the bus. We both thank our authors for their 
expertise, patience, and efforts. My hope is that this text may help 
an aspiring chromatographer, as Snyder and Kirkland’s text has  
helped me.

From Laila Kott

My path to this point has some similarities to Greg’s and some 
differences. As an undergrad at the University of Toronto, I took  
my time to declare my major and after almost two years at the 
university, chemistry it was and still is. The difference is that  
there were always core functions of chemistry that I considered 
just part of the chemists’ toolbox as I followed one research  
project after another. I made the materials I needed to study; I 
analyzed the materials I needed to study. I never considered myself 
a certain type of chemist, just a chemist.
	 Several degrees later and having taken a sabbatical from 
the scholarly life between my master’s and doctoral degree 
to do chemistry in the former Soviet Union, I ended up in the  
pharmaceutical industry, where I found my journey through many 
different projects had afforded me a very strong background in 
a variety of analysis techniques. Since, as Greg mentioned above, 
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people often focus in one area or one technique, I found that  
looking at a problem using several different techniques often gave 
one a more complete picture of what you were looking at.
	 This was the exact time when Greg and I started collaborating 
and we have been tackling interesting problems as well as 
pharmaceutical industry standard problems ever since. We have 
always pushed the newest columns, the newest technology. This 
has its drawbacks as not all things new are readily accepted by 
the regulatory bodies during new drug filings. Nevertheless, 
we noted that there was a decided lack of method development  
information for the modern chromatographer out there, and this  
is our attempt to rectify the situation. We have had many  
challenges during the compilation of this book, but our drive never 
wavered as the need is out there. Happy separations!
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