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6. INTERPRETATION OF DIFFRACTED INTENSITIES

tion in incident-beam intensity is many times larger than the
sum of the squares of the individual atomic scattering powers.

An extreme case occurs in a perfect crystal, for which total
reflection is possible. There is destructive interference with the
incident beam producing a marked change in the index of
refraction from its normal value of

12,2
n=1--"° N, £.(0), (6.3.1.4)

2mmc?

where e and m are the charge and mass of the electron. f,(0) is
the scattering factor in the forward direction for an atom of type
a and N, is the number of atoms of that type per unit volume.

Thus, for strong reflections in near-perfect crystals, the
Rayleigh scattering is affected by both crystal texture and beam
direction. This reduction of primary-beam intensity due to the
Rayleigh scattering is usually included, along with other
specimen-dependent factors affecting diffracted-beam intensity,
in the analysis of extinction.

6.3.1.4. Attenuation (mass absorption) coefficients

Since the reduction of intensity depends on the quantity of
matter traversed by the beam, the absorption coefficient is often
expressed on a mass basis by dividing by the density p,,. 1/p,,
defines the attenuation coefficient.

The determination of attenuation coefficients to high precision
is possible only when contributions from all different scattering
processes are analysed in detail. To a level of accuracy
appropriate to most experiments, however, the coefficient can
be determined from the atomic cross sections for scattering and
photoelectric absorption. Ideally, absorption corrections for
scattering from single crystals in the absence of extinction should
be evaluated using the Rayleigh cross section for a crystal in the
non-reflecting position. However, as Rayleigh scattering is a
minor contribution to the total absorption except for the lighter
elements, no large error is made by applying the absorption
correction appropriate to an assembly of isolated atoms to a
single crystal.

Likewise, u/p,, is, to a good approximation, given by the
sum of the attenuation coefficients for each constituent element
(n/p,),, weighted by the mass fraction g, for that element,
i.e.

pﬁ = 81t/ Pw)as (6.3.1.5)

where the sum is over the elements. The atomic cross section for
attenuation is given by

04 = (1/Pn)aAa/Na = 1t/Ny (6.3.1.6)

where A, is the atomic weight and N, is Avogadro’s number. The
evaluation of the attenuation coefficients is described in Section
4.2.4.

6.3.2. Dispersion

In the wavelength regime associated with anomalous scattering,
where

f=r+f+r. (6.3.2.1)

the refractive index becomes complex, its imaginary component
contributing an additional term to the absorption.

f° is the scattering factor for ideal elastic scattering. The
dispersion corrections f' and f” are related to the absorption
since (James, 1962; Wagenfeld, 1975)

f(w) = mecwo(w)/4ne*, = 2mc/l (6.32.2)

o0

f(w) =% / [0 () (0 — )] de. (6.3.2.3)
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That is, the dispersion corrections are determined by the
absorption cross sections. The relationships (6.3.2.2) and
(6.3.2.3) can be used in measuring absorption coefficients, as
described in Section 4.2.4. The dispersion terms change rapidly
near the absorption edge, especially on the short-wavelength
side. The changes are anisotropic, sensitive to structure and to
the direction of polarization. Details are given by Templeton &
Templeton (1980, 1982, 1985).

In near-perfect crystals, the changes near the absorption edge
are also sensitive to temperature (Karamura & Fukamachi, 1979;
Fukamachi, Karamura, Hayakawa, Nakano & Koh, 1982). The
effective absorption coefficient can also be altered by the
Borrmann effect (Azaroff, Kaplow, Kato, Weiss, Wilson &
Young, 1974).

6.3.3. Absorption corrections

The reduction in the intensity of an X-ray reflection from a
uniform beam due to absorption is given by the transmission
coefficient
1
A= V/exp(—,uT)dV, (6.3.3.1)

where the integration is over the volume of the crystal. The
absorption correction

A =1/A. (6.3.3.2)

T, the path length of the X-ray beam in the crystal, is the sum of
the path lengths for the incident and diffracted beams. A
technique for measuring crystals for absorption measurements is
described in Subsection 6.3.3.6.

Any least-squares analysis involving variation of the linear
absorption coefficient, or equivalently an isotropic variation in
crystal size, requires the weighted mean path length

A1

T=-4 =— —. 6.3.3.3
o  A* Su ( )

This path length is also required in some analyses of extinction
(Zachariasen, 1968; Becker & Coppens, 1974).

6.3.3.1. Special cases

For special cases, the integral can be solved analytically, and
in some of these the expression reduces to closed form. These
are listed in Table 6.3.3.1.

6.3.3.2. Cylinders and spheres

For diffraction in the equatorial plane of a cylinder of radius R
within the X-ray beam, the expression for the transmission
coefficient reduces to

R 27

1_1 // exp ( — {[R? = P sin®(0 + ¢)]'?
00

A=F =R
+[R? — 1 sin(6 — @]“2})

x cosh (2ur sin 8 sin p)r dr de. (6.3.3.4)

600

Copyright © 2006 International Union of Crystallography

references


http://it.iucr.org/Cb/ch6o3v0001/references/
http://it.iucr.org/Cb/ch6o3v0001/sec6o3o2/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [641.000 859.000]
>> setpagedevice


