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P denotes a scaling factor that depends on the instrumental
luminosity, T is the shortest distance to the origin of the reci-
procal lattice, mðTÞ is the corresponding symmetry-induced
multiplicity, An contains the structure factor of the structural
units and the type of disorder, and�n describes the characteristic
modulation of the diffuse phenomenon of dimension n in the
powder pattern. These expressions are given below with the
assumption of Gaussian line shapes of width D for the
narrow extension(s). The formulae depend on a factor
M ¼ A1=2ð4k2

1 �H2
0 Þ=ð32 ln 2Þ, where A1=2 describes the depen-

dence of the Bragg peaks on the instrumental parameters U, V
and W (see Caglioti et al., 1958),

A2
1=2 ¼ U tan2 � þ V tan � þW; ð4:2:8:13Þ

and k1 ¼ 1=�.
(a) Isotropic diffuse peak around T

�0 ¼ ½2�ðM
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�1=2
ð1=T2Þ

� expf�ðH0 � TÞ
2=2ðM2 þD2Þg: ð4:2:8:14Þ

The moduli jH0j and T enter the exponential, i.e. the variation of
d�=d� along jH0j is essential. For broad diffuse peaks ðM � DÞ
the angular dependence is due to 1=T2, i.e. proportional to
1= sin2 �. This result is valid for diffuse peaks of any shape.

(b) Diffuse streak

�1 ¼ ½2�ðM
2 þD2Þ�

�1=2
R1

�1

ðT2 þH2Þ
�1=2

� expf�H0 � ðT
2 þH2Þ

1=2=2ðM2 þD2Þg dH: ð4:2:8:15Þ

The integral has to be evaluated numerically. If ðM2 þD2Þ is not
too large, the term 1=ðT2 þH2Þ varies only slowly compared to
the exponential term and may be kept outside the integral,
setting it approximately to 1=H2

0.
(c) Diffuse plane (with R2 ¼ H2

x þH2
y )

�2 ¼ ðM
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�1=2
R
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1=2=2ðM2 þD2Þg dR: ð4:2:8:16Þ

With the same approximation as in (b) the expression may be
simplified to

�2 ¼�=H0½1� erffðT �H0Þ=½2ðM
2 þD2Þ�

1=2
g

þ 1=H2
0½2�ðM

2 þD2Þ�
1=2

� expf�ðH0 � TÞ
2=2ðM2 þD2Þg�: ð4:2:8:17Þ

(d) Slowly varying diffuse scattering in three dimensions
�3 = constant. Consequently, the intensity is directly propor-

tional to the cross section. The characteristic functions�0,�1 and
�2 are shown in Fig. 4.2.8.2 for equal values of T and D. Note the
relative peak shifts and the high-angle tail.

4.2.8.3. Total diffraction pattern

As mentioned in Section 4.2.7.3.2, the atomic pair-distribution
function (PDF), which is classically used for the analysis of the
atomic distributions in liquids, melts or amorphous samples, can
also be used to gain an understanding of disorder in crystals. The
PDF is the Fourier transform of the total scattering. The
measurement of total scattering is basically similar to recording
X-ray or neutron powder patterns. The success of the method
depends, however, decisively on various factors: (i) The avail-
ability of a large data set, i.e. reliable intensities up to high H
values, in order to get rid of truncation ripples, which heavily
influence the interpretation. Currently, values of Hmax of more
than 7 Å�1 can be achieved either with synchrotron X-rays [at
the European Synchrotron Radiation Facility (ESRF) or Cornell
High Energy Synchrotron Source (CHESS)] or with neutrons
from reactors (e.g. instrument D4 at the ILL) and spallation
sources [at ISIS or at LANSCE (instrument NPDF)]. (ii) High H
resolution. (iii) High intensities, in particular at high H values.
(iv) Low background of any kind which does not originate from
the sample. High-quality intensities are therefore to be extracted
from the raw data by taking care of an adequate absorption
correction, correction of multiple-scattering effects, separation of
inelastically scattered radiation (e.g. Compton scattering) and
careful subtraction of ‘diffuse’ background which is not the ‘true’
diffuse scattering from the sample. These conditions are in
practice rather demanding. A further detailed discussion is
beyond the scope of this chapter, but a more thorough discussion
is given, e.g., by Egami (2004), and some examples are given by
Egami & Billinge (2003).
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184–194.

539 references

http://it.iucr.org/Bb/ch4o2v0001/references/


<<
  /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


