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Preface

It is now just over 100 years since W. C. Roentgen (1898) first discovered x-rays. His work
followed by that of H. G. Mosely (1912), W. L. and W. H. Bragg (1913), and other pioneers
led the way to the development of many techniques essential to the characterization of met-
als, ceramics, semiconductors, glasses, minerals and biological materials. X-ray diffraction,
fluorescence and absorption methods provide both qualitative and quantitative information
about structure and composition essential to understanding material behavior. These meth-
ods are not only used in the course of basic research, but are also critical to the develop-
ment of new materials required by society as well as understanding why materials fail in
service. X-ray equipment is now found in laboratories all over including facilities that sup-
port steel mills, art museums, semiconductor fabrication facilitics to cite just a few exam-
ples. Although it is not the main focus of this volume, many major advances in medicine
can be linked to the findings of x-ray crystallography and various forms of radiography.
Today, three-dimensional reconstruction of the human body is possible in minutes utilizing
the latest in computerized tomographic clinical instrumentation.

The ability to do such remarkable diagnostic work is the result of the continuing evolu-
tion of x-ray science and technology that has drawn heavily on advances in electronics, ma-
terials science, mechanical engineering and computers. As a result, X-ray generators are
more stable, tubes capable of much higher intensities, spectrometers more versatile and ac-
curate, and detectors and associated electronics are more sensitive and capable of higher
count rates. Most modern instruments also incorporate some degree of automation making
control of instruments and unattended collection of data possible. A wide range of software
is also readily available for phase and elemental identification, determination of strain, tex-
ture measurement, particle size distribution, single crystal structure and thin film character-
ization. Both commercial and “home-made” x-ray instrumentation can be found in every
major industrial, academic and government laboratory.

Progress does stop, however, and over the past few decades there has been even greater
interest in x-ray methods arising from the use of multi-user synchrotron facilities that pro-
vide very intense sources of radiation. Synchrotron laboratories have opened the door to the
practical application of a wide variety of additional characterization techniques including
X-ray absorption fine structure (EXAFS), x-ray topography and both micro-scale x-ray flu-
orescence and diffraction. EXAFS, for example, provides information about local atomic
environments and is particularly useful in the study of catalysts even those present in con-
centrations below hundreds of parts per million.

This volume also covers small angle x-ray scattering (SAX), a method that can be per-
formed with either conventional or synchrotron sources. Data obtained at low angles is in-
dicative of grain size and shape, i.e. structure with slightly larger dimensions than atomic
separation distances, which are difficult to determine in other ways. An excellent example
is the determination of the radius of gyration as a function of molecular weight for poly-
mers. Other examples include studies of phase separation in alloy systems.



VI Preface

The authors of the various articles present are all experts in their fields. They have done
an excellent job of acquainting readers with the history, underlying principals, instrumen-
tation, capabilities and limitations of x-ray methods as well as numerous examples of their
use, and have also suggested related reading. I think all readers will find this volume a unique
source of information.

Eric Lifshin
Voorheeseville, NY
5/10/99
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sensitivity of X-ray fluorescence method (Chapter 3)
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de Wolff figure of merit

principal quantum number

number of counts on peak (p) and background (b)
number of electrons (Chapter 3)

number of measurements (Chapter 3)

number of particles in the sample (Chapter 4)
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Patterson function
photon flux

wave vector (magnitude)
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refinement factor (Chapter 2)

resolution (Chapter 3)

distance (Chapter 1)

reflectivity coefficient

background and peak counting rates
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peak counting time
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voltage (Chapter 3)
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a, By interaxial angles (Chapter 1)
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B full width at half maximum of a diffraction peak

B, B: peak broadening due to strain and size

y(r) correlation function

r shear gradient

1) deviation parameter for an incommensurate phase

£ detector efficiciency (Chapter 4)

£ residual lattice stress (Chapter 1)

0 Bragg diffraction angle

20 scattering angle

6., diffraction angle of monochromator

O] vertical divergence of the beam

Oy Bragg angle

A wavelength

Ac critical wavelength

Ad damping factor used in EXAFS analysis to allow for inelastic scattering
effects

AswL short wavelength limit from an X-ray tube

u linear absorption coefficient

Uo absorption of an atom in the absence of neighbors (Chapter 1)

Ho background absorption (Chapter 2)

ulo mass absorption coefficient

v frequency

v wave number

0 density

o(r),o0(xyz) electron density at location r or xyz

o counting error

(e shielding constant

o standard deviation

do(g)/dQ scattering cross section per particle and unit solid angle

dX(g)/dQ macroscopic differential cross section

o] Debye-Waller type factor used in EXAFS analysis (Chapter 2)

o; displacement between absorbing atoms (Chapter 1)

Ohpet net counting error

Ow) random error

T crystallite size

) fixed incident glancing angle (Chapter 2)

(0] phase angle (Chapter 1)

o) volume fraction occupied by matter (Chapter 4)
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international union of pure and applied chemistry
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powder diffraction file
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X-ray diffraction
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