Contents

Preface ix
1 Calibration Fundamentals I
1.1 Analytical Context 1
1.2 Principles of Analytical Calibration 2
1.3 Calibration Standards and Models 5
1.4 Calibration Procedures and Methods 7
1.5 Calibration in the Context of Measurement Errors 8
1.5.1 Uncontrolled Analytical Effects 9
1.5.2 Elimination and Compensation of Uncontrolled Effects 11
1.6 Calibration in Qualitative Analysis 14
1.7 Calibration in Quantitative Analysis 18
1.8 General Rules for Correct Calibration 22

References 24

2 “Calibration-Free” Analysis 25
2.1 Novel Approach 25

2.2 Empirical Calibration 26

2.3 Theoretical Calibration 30

2.3.1 Fixed Models 30
2.3.2 Flexible Models 36
References 45

3 Calibration Methods in Qualitative Analysis 47
3.1 Classification 47
3.2 External Calibration Methods 49

3.2.1 External Standard Method 49

3.2.2 Reference Sample Method 59

3.3 Internal Calibration Methods 71

3.3.1 Internal Standard Method 71

3.32 Indirect Method 75

34 Standard Addition Method 80
References 83



vi | Contents

4 Introduction to Empirical Calibration in Quantitative
Analysis 85

4.1 Classification 85

4.2 Formulation of Model Functions 86

4.3 Examination of Interference Effect 93

4.4 Mathematical Modeling of Real Function 98

References 100

5 Comparative Calibration Methods 103
5.1 External Calibration Methods 103
5.1.1 External Standard Method 103
5.1.1.1 Modified Procedures 110
51.2 Dilution Method 115
5.2 Internal Calibration Methods 125
5.2.1 Internal Standard Method 125
52.2 Indirect Method 133

References 141

6 Additive Calibration Methods 143
6.1 Basic Aspects 143
6.2 Standard Addition Method 144

6.2.1 Extrapolative Variant 144
6.2.1.1  Modified Procedures 155
6.2.2 Interpolative Variants 162
6.2.3 Indicative Variant 167
6.3 Titration 172
6.4 Isotope Dilution Method 180
6.4.1 Radiometric Isotope Dilution 182
6.4.2 Isotope Dilution Mass Spectrometry 189
6.4.2.1  Modified Procedures 197
References 199

7 Calibration in Nonequilibrium Conditions 203
7.1 Flow Injection Analysis 203
7.1.1 Manipulation Techniques 205
7.1.2 Gradient Technique 212
7.2 Kinetic Analysis 220
References 231

8 Complex Calibration Approaches 233

8.1 Extrapolative Methods 233

8.1.1 Extrapolative Indirect Method 234

8.1.2 Extrapolative Internal Standard Method 239
8.1.3 Extrapolative Dilution Method 244

8.2 Mixed Methods 252



8.3
8.3.1
8.3.1.1
8.3.1.2
8.3.2
8.3.2.1
8.3.3

9.1
9.2

9.3

9.3.1
9.3.2
9.3.3

10

10.1
10.2
10.3
10.3.1
10.3.2
10.3.3
10.3.4

11

11.1
11.2
11.3
11.4

12

Contents

Combined Methods 256

Integrated Calibration Methods 256

Simple Integrated Method 256

Complementary Dilution Method 261
Generalized Calibration Strategy 270

Versatile Flow Injection Calibration Module 276
Standard Dilution Analysis 280

References 286

Calibration Approaches for Detection and Examination of
Interference Effects 289

Introduction 289

Simple Procedures for Detection and Examination of Interference
Effects 290

Detection and Compensation of Additive Interference Effect 295
Interpolative Procedure 297

Extrapolative Procedure 301

Integrated Procedure 308

References 311

Calibration-Based Procedures for Correction of Preparative
Effects 313

Introduction 313

Specific Procedures 314

Surrogate Recovery Method 316

Reliability of the Method 318

Interpretations of the Method 321

Recovery vs. Interference Effect 324

Recovery vs. Speciation Effect 329

References 333

Calibration-Related Applications of Experimental Plans 335
Introduction 335

Examination of Interference Effects 337

Modeling of Real Functions 342

Multicomponent Analysis 347

References 356

Final Remarks 359
References 365

Index 367

vii






