
Contents

CHAPTER 1

INTRODUCTION
What is Chromatography?...........................................

High Performance Liquid Chromatography (HPLC)

The Types of HPLC....................................................
Partition Chromatography...............................................
Adsorption Chromatography..........................................
Ion-Exchange Chromatography......................................
Size-Exclusion Chromatography.....................................
Preparative HPLC............................................................

Pharmaceutical Analysis..............................................
What is a drug?................................................................
Drug delivery...................................................................
Analysing drug related samples by HPLC......................

Further reading.............................................................

CHAPTER 2
THE STATIONARY PHASE 11
Normal phase and reversed phase HPLC................................................................................................... 11

Normal phase HPLC...............................................................................................................................................11
Reversed Phase HPLC............................................................................................................................................12

Parameters to describe a HPLC column.....................................................................................................12

Packing/Matrix of the HPLC column.....................................
Silica.................................................................................................
The packing is the stationary phase...............................................
The packing is a matrix to which the stationary phase is attached

12
12
13
14

Bonded phase................................................................................................................................................ 14
Reversed phase bonded phases.............................................................................................................................. 14
Normal phase bonded phases.................................................................................................................................20
Bonded phases for ion-exchange HPLC..............................................................................................................20
Bonded phases for size-exclusion HPLC..............................................................................................................20
Bonded phases for biomolecules........................................................................................................................... 20
Chiral Stationary Phases (CSP)...............................................................................................................................20

Particle size 21

Pore size 21

Length............................................................................................................................................................21

Diameter......................................................................................................  22

Hardware....................................................................................................................................................... 23



Manufacturer 24

Guard columns 24

Selecting a stationary phase 24

Extended pH operating range 24

Extended temperature operating range 25

References 26

Further Reading 26

CHAPTER 3

THE MOBILE PHASE
Solvents.......................................................................................................................................................... 29

Reversed phase HPLC solvents..............................................................................................................................30
Normal phase HPLC solvents................................................................................................................................31

Mobile phase pH...........................................................................................................................................31
Buffers..................................................................................................................................................................... 32
Buffer preparation................................................................................................................................................... 32
Acid Modifiers.........................................................................................................................................................33

Other mobile phase additives.......................................................................................................................33
Amine modifier........................................................................................................................................................33
Ion pairing reagents................................................................................................................................................ 34

Isocratic and radient elution 34

Mobile phase preparation............................................................................................................................. 34
Solvent grades......................................................................................................................................................... 34
Measuring solvents.................................................................................................................................................. 35
Mixing the mobile phase.........................................................................................................................................35
Filtration...................................................................................................................................................................36
Degassing.................................................................................................................................................................36
Storage of mobile phases........................................................................................................................................ 37

References

Further readin

38

38

CHAPTER 4
THE HPLC SYSTEM.........................................................................................................41
Mobile phase reservoir.................................................................................................................................. 42

Degasser........................................................................................................................................................ 43

Pump..............................................................................................................................................................43
Reciprocating single piston pump.......................................................................................................................... 44
Back pressure.......................................................................................................................................................... 46
Online mixing..........................................................................................................................................................47

Injector.......................................................................................................................................................... 47
6 Port injection valve.............................................................................................................................................. 48
Autoinjectors........................................................................................................................................................... 49

Column compartment................................................................................................................................... 50
Column fittings........................................................................................................................................................50



Temperature control................................................................................................................................................51

Detector......................................................................................................................................................... 52
Ultra Violet (UV) Detectors....................................................................................................................................54
Mass Spectrometer (MS)......................................................................................................................................... 57

Data Processor............................................................................................................................................... 58

System hardware............................................................................................................................................ 61

References63

Further reading 63

CHAPTER 5

THE HPLC ANALYTICAL METHOD......................................................................... 65
Applications of HPLC in pharmaceutical analysis..................................................................................... 65

The creation of a new drug.....................................................................................................................................65
Drug discovery........................................................................................................................................................ 65
Drug development...................................................................................................................................................67
Manufacturing.......................................................................................................................................................... 70

Contents of a HPLC Analytical Method...................................................................................................... 71
Chromatographic parameters................................................................................................................................. 72
Preparation of test solutions...................................................................................................................................73
Directions for analysis............................................................................................................................................. 74
Example Chromatograms........................................................................................................................................75
Calculations..............................................................................................................................................................75

Interpretation of the HPLC Analytical Method...........................................................................................75
Local laboratory procedures....................................................................................................................................75
HPLC column not defined or unavailable.............................................................................................................76
Dwell volume...........................................................................................................................................................76

References80

Further reading 80

CHAPTER 6

PERFORMING HPLC ANALYSIS................................................................................. 83
Step 1 - Collect the required materials ........................................................................................................ 83

Step 2 - Record the analysis....................................................................................................................... 84

Step 3 - Prepare the mobile phase................................................................................................................85
The injection sequence............................................................................................................................................ 85
Mobile phase required............................................................................................................................................. 86

Step 4 - Set up HPLC system.......................................................................................................................87
Flush the pump....................................................................................................................................................... 88
Flush the injector.................................................................................................................................................... 88
Connect and flush the column............................................................................................................................... 88
Turn on and equilibrate the entire system..............................................................................................................88

Step 5 - Prepare the test solutions................................................................................................................89
Sample preparation..................................................................................................................................................89
Filling the HPLC vials............................................................................................................................................. 89

Step 6 - Start the chromatographic run....................................................................................................... 90



Priming injections....................................................................................................................................................90
Program the analysis............................................................................................................................................... 90

Step 7 - Generate the analytical results ....................................................................................................... 90
Integration...............................................................................................................................................................91
System Suitability Testing.......................................................................................................................................92
Calibration and quantification................................................................................................................................ 92

Step 8 - Housekeeping

Using the checklist

References

CHAPTER 7

SYSTEM SUITABILITY
System Suitability Criteria

93

94

96

99
99

Retention......................................................................................................................................................100

Injection Repeatability................................................................................................................................100

Resolution.................................................................................................................................................... 102

Tailing Factor 104

Efficiency......................................................................................................................................................105

Capacity Factor............................................................................................................................................ 106

Method Adjustments to Achieve System Suitability..................................................................................107

System Suitability in Practice..................................................................................................................... 108

Bioanalytical Methods.................................................................................................................................109

References....................................................................................................................................................110

CHAPTER 8

CALIBRATION AND QUANTIFICATION 113
Calibration Types........................................................................................................................................ 113 

External standard...............................................................................................................................................113 
Internal standard.................................................................................................................................................114 
Single point calibration...................................................................................................................................... 114 
Multi-level calibration........................................................................................................................................ 115 
Area Percent....................................................................................................................................................... 116

Types of Methods........................................................................................................................................ 117
Assay...................................................................................................................................................................... 117
Determination of impurities................................................................................................................................. 117

Calculations..................................................................................................................................................119

References....................................................................................................................................................121

Further reading............................................................................................................................................ 121

GLOSSARY........................................................................................................................123

LIST OF ABBREVIATIONS.......................................................................................... 133
INDEX............................................................................................................................... 137


