| Modern
Analytical |
- Methods
in Alt ang
Archaeulngv

I et 4]
-+ biuseppe Spoto |

ical Analysis
ographs on Analytical Chemistry and lts Applications
J. 0. Winefordner, Series Editor



CONTENTS

CONTRIBUTORS
PREFACE
CUMULATIVE LISTING OF YOLUMES IN SERIES

CHAPTER 1 ANALYTICAL METHODS IN ART AND
ARCHAEOLOGY

Enrico Ciliberto

1.1.  Why Art, Archaeology, and Analytical
Chemistry Together? '

1.2. Modern Analytical Methods

1.3.  Further Reading and Concluding
Remarks

CHAPTER 2 ELEMENTAL ANALYSIS
Ronald G. V. Hancock

2.1. Introduction

2.2.  Descriptions

2.3.  Diagnostic Elemental Fingerprints

2.4.  Chain of Events for a Successful Analysis
2.5.  Concluding Remark

CHAPTER 3 ATOMIC SPECTROSCOPY AND
SPECTROMETRY
Suzanne M. M. Young and A. Mark Pollard

31, Introduction
3.2. Samples from Archaeology and Art

3.3. Identification and Quantification
Technigues

34. Atomic Absorption Spectroscopy
3.5.  Emission Spectroscopy (Optical and ICP)

v

xvii

xix

1n

11
12
13
15
19

21

21
23

26
27
32



vi : CONTENTS

3.6. Atomic Mass Spectroscopy (ICP-MS and

"LA-ICP-MS) 41
3.7. Future Directions in Instrumental Analysis
and Archaeology 45
CHAPTER 4 X-RAY FLUORESCENCE 55
Luc Moens, Alex von Bohlen, and Peter Vandenabeele
4.1. Introduction 55
4.2, Nature of X-rays and X-ray fluorescence 56
4.3. X-Ray Fluorescence Spectrometry 58
4.4. Applications 66
4.5. Conclusion 76

CHAPTER 5 NEUTRON ACTIVATION ANALYSIS FOR
PROVENANCE DETERMINATION IN

ARCHAEOLOGY 81
Hector Neff
5.1.  Introduction 81
5.2.  Instrumental Neutron Activation Analysis 82
5.3. Methodology 106
5.4. Examples ‘ ' 121
5.5. Conclusion 127
CHAPTER 6 PARTICLE-INDUCED X-RAY EMISSION 135
Jean-Claude Dran, Thomas Calligaro, and Joseph
Salomon
6.1. Introduction 135
6.2. Physical Principles 136
6.3. X-Ray Detection 141
6.4. Yield—Concentration Relationship 144
6.5. Optimization Procedures 146
6.6.  Spectrum Processing by Computer Codes
. and Quantitative Analysis 149
6.7. Capability of the Technique 152
6.8. Experimental Setups 154
6.9. Examples of Applications 158

6.10. Conclusion 162



CHAPTER 7

CHAPTER 8

CHAPTER 9

CHAPTER 10

CONTENTS

MOLECULAR AND STRUCTURAL

ANALYSIS

Giuseppe Spoto

7.1.  Introduction

7.2.  Molecular and Structural Analysis:
Further Comments

7.3.

7.4.
BIOMOLECULAR ANALYSIS BY ORGANIC

Molecular and Structural Analysis in Art
and Archaeology :

" Conclusion

MASS SPECTROMETRY
Richard P, Evershed

8.1. Introduction
8.2.  Analytical Approach
8.3.  Basic Principles
8.4. Instrumentation
8.5. Applications
8.6. Summary
BIOMOLECULAR METHODS
“Raul J. Cano-
9.1. Introduction
9.2,  Strategies of Analysis
9.3.  Selections of Gene Sequences for Analysis
of Ancient DNA
9.4.  Preservation Potential of Biomolecules
9.5.  Problems of Working with “Fossil”
Biomolecules
9.6.  Polymerase Chain Reaction Assay
9.7.  Sequencing of Amplification Products
9.8.  Oligonucleotide Arrays
9.9

Conclusions

RAMAN SPECTROSCOPY
Franco Cariati and Silvia Bruni

10.1.

Introduction to the Raman Effect

10.2. Raman Instrumentation and Techniques

vii

167

167
168

169
174

177

177
178
180
181
196
230

241

241
243

245

247
247
249
252
253

255

255
257



viii

CHAPTER 11

CHAPTER 12

CHAPTER 13

CONTENTS

10.3. Fourier Transform Near-Infrared Raman
Spectroscopy

10.4. Resonance Raman Spectroscopy

10.5. Raman Spectroscopy as Support for
Restoration and Conservation

10.6. Application of Raman Spectroscopy to the
. Study of Pigments in Artistic Hand-works

10.7. Peculiar Applications of Raman
Spectroscopy in Art and Archaeology

10.8. Studies of the Deterioration of Artworks
by Means of Raman Spectroscopy '

THERMAL ANALYSIS

Marianne Odlyha

11.1. Introduction

11.2. Differential Scanning Calorimetry

11.3. Thermogravimetry

11.4. Thermomechanical Analysis

11.5. Dielectric Analysis

11.6. Dynamic Mechanical Thermal Analysis
11.7. Conclusions

UV-VIS-NIR, FT-IR, AND FORS
SPECTROSCOPIES '

Mauro Bacci

12.1. Introduction

12.2. Theoretical Principles

12.3. Instrumentation

12.4. Applications to Art and Archaeology
12.5. Future Trends

X-RAY PHOTOELECTRON
SPECTROSCOPY AND AUGER ELECTRON
SPECTROSCOPY IN ART AND
ARCHAEOLOGY

Giuseppe Spoto and Enrico Ciliberto

13.1. Introduction
13,2, Basic Principles

258
260

260
262
270

274

279

279
280
289
291
296
298
315

321

321
323
330
341
356

363
364



CHAPTER 14

CONTENTS

13.3. XPS and AES in Art and Archaeology
134. Pottery

13.5. Glass

13.6. Metals and Alloys

13.7.  Dyes, Pigments, and Paintings

13.8. Paper .

13.9. Stone Degradation

13.10. Future Trends

ELECTRON MICROSCOPY AND ITS
APPLICATION TO THE STUDY OF
ARCHAEOLOGICAL MATERIALS AND
ART PRESERVATION

Miguel José-Yacamén and Jorge A. Ascencio

14.1. Introduction
14.2. Choosing the Best Instrument

14.3. Scanning Electron Microscopy
144. X-Ray Analysis in SEM

- 14.5. Environmental and Low-Vacuum SEM

14.6. Transmission Electron Microscopy:
General Considerations

14.7.  Sample Preparation

14.8. Image Processing

14.9. Electron Diffraction

14.10. Energy Loss Materials Analysis

14.11. Use of Electron Microscopy in Study of
Archaeological Materials

14.12. Applications of Environmental SEM to
Study of Ancient Materials and Art
Preservation

ISOTOPE ANALYSIS, DATING, AND
PROVENANCE METHODS

Giinther A. Wagner

15.1. Introduction

15.2. Principles

15.3. Application

ix

374
375
377
378
387
390
397
398

405

405
406
407
410
412

414
419
421
423
427

429

436

445
446
454



X

CHAPTER 16

CHAPTER 17

CHAPTER 18

CHAPTER 19

CONTENTS

RADIOCARBON DATING
Robert E. M. Hedges

16.1.
16.2.
16.3..
16.4.
16.5.

Introduction ~

Basic Process of Radiocarbon Dating
Dating in Sequence

Dating Operation in the Laboratory
Dating Process-in Archaeoiogy

LEAD ISOTOPE ANA.LYSES APPL]ED TO
PROVENANCE STUDIES
Noel H. Gale and Zofia Stos-Gale

17.1.
17.2.
17.3,
17.4.
17.5.

17.6.

17.7.

17.8.

Introduction :

Radioactivity and Radiogenic Isotopes
Basic Principles

Measurement Techniques

Principles and Limitations of Lead Isotope

- Provenancing

Provenancing Ancient Raw Materials by
Lead Isotope Analysis: Leading Principles

Archaeological Case Studies Resulting
from Lead Isotope Analyses of Metals

Conclusions

LUMINESCENCE DATING
Sebastiano O. Troja and Richard G. Roberts

18.1.
i8.2.
18.3.
18.4.
18.5.
18.6.
18.7.

Introduction

Physical Background

Ionizing Radiation

Experimental Methods

Paleodose Determination
Applications in Art and Archaeology
Conclusions

ELECTRON SPIN RESONANCE DATING
Rainer Griin

15.1.
19.2.

Introduction
Basic Principles of ESR Dating

465

465
466
469
471
488

503

503
503
505
516

522

538

544
569

585
586
594
597
604
609
631

641

641
641



19.3.
194,

CONTENTS

Application of ESR Dating
Future Developments

DATA HANDLING AND STATISTICAL
ANALYSIS
Mike J. Baxter and Caitlin E, Buck

20.1.
20.2.
20.3. -
20.4.
20.5.

20.6.
20.7.
20.8.

Introduction

Problems and Statistical Approaches
Data and Introductory Examples
Preliminary Data Analysis

Standard Methods of Multivariate
Analysis

Problems and Practical Considerations
Statistical Modeling

Discussion—The Future

663
675

681

681
682
6389
695

700
719
725
738

747



