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2.3. POWDER AND RELATED TECHNIQUES: X-RAY TECHNIQUES

in all measurements, and errors due to (b) and (c) vary with each
specimen.

Ideally, the specimen should be in the form of a focusing torus
because of the beam divergence in the equatorial and axial
planes. The curvatures would have to vary continuously and
differently during the scan and it is impracticable to make
specimens in such forms. An approximation is to make the
specimen in a flexible cylindrical form with the radius of
curvature increasing with decreasing 26 (Ogilvie, 1963). This
requires a very thin specimen (thus reducing the intensity) to
avoid cracking and surface irregularities, and also introduces
background from the substrate. A compromise uses rigid curved
specimens, which match the SFC (Fig. 2.3.1.3) at the smallest
26 angle to be scanned, and this eliminates most of the aberration
(Parrish, 1968). A major disadvantage of the curvature is that it
is not possible to spin the specimen.

In practice, a flat specimen is almost always used. The
specimen surface departs from the focusing circle by an amount
h at a distance //2 from the specimen centre:

h = Ry — [REc — (B/2)]'2. (2.3.1.11)

This causes a broadening of the low-26 side of the profile and
shifts the centroid A26 to lower 26:

A26(rad) = —a? /(6 tan b). (2.3.1.12)

For o = 1° and 260 =20°, A20 = —0.016°. The peak shift is
about one-third as large as the centroid shift in the forward-
reflection region. This aberration can be interpreted as a
continuous series of specimen-surface displacements, which
increase from O at the centre of the specimen to a maximum
value at the ends. The effect increases with o and decreasing 26.
The profile distortion is magnified in the small 26-angle region
where the axial divergence also increases and causes similar
effects. Typical flat-specimen profiles are shown in Fig.
2.3.1.10(c) and computed centroid shifts in Fig. 2.3.1.10(d).
The specimen-transparency aberration is caused by diffraction
from below the surface of the specimen which asymmetrically
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broadens the profile (Langford & Wilson, 1962). The peak and
centroid are shifted to smaller 26 as shown in Fig. 2.3.1.10(e).
For the case of a thick absorbing specimen, the centroid is
shifted

A26(rad) = sin26/2uR (2.3.1.13)
and for a thin low-absorbing specimen
A20(rad) = tcos6/R, (2.3.1.14)

where p is the effective linear absorption coefficient of the
specimen used, ¢ the thickness in cm, and R the diffractometer
radius in cm. The intermediate absorption case is described by
Wilson (1963). A plot of equation (2.3.1.13) for various values
of w is given in Fig. 2.3.1.10(f ). The effect varies with sin 26
and is maximum at 90° and zero at 0° and 180°. For example, if
i =50cm™!, the centroid shift is —0.033° at 90° and falls to
—0.012° at 20°26.

The observed intensity is reduced by absorption of the incident
and diffracted beams in the specimen. The intensity loss is
exp(—2u/x, cosec 8), where p is the linear absorption coefficient
of the powder sample (it is almost always smaller than the solid
material) and x, is the distance below the surface, which may be
equal to the thickness in the case of a thin film or low-absorbing
material specimen. The thick (1 mm) specimen of LiF in Fig.
2.3.1.10(e) had twice the peak intensity of the thin (0.1 mm)
specimen.

The aberration can be avoided by making the sample thin.
However, the amount of incident-beam intensity contributing to
the reflections could then vary with 6 because different amounts
are transmitted through the sample and this may require
corrections of the experimental data. Because the effective
reflecting volume of low-absorbing specimens lies below the
surface, care must be taken to avoid blocking part of the
diffracted beam with the antiscatter slits or the specimen holder,
particularly at small 26.

There are additional problems related to the specimen such as
preferred orientation, particle size, and other factors; these are
discussed in Section 2.3.3.
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Fig. 2.3.1.9. (a) Effect of source size on profile shape, Cu Ko, apg 1°, agg 0.05°, Si(111).
No. Projected size (mm) FWHM (°260)

1 1.6 x 1.0 (spot) 0.31

2 0.32 x 10 (line) 0.11

3 0.16 x 10 (line) 0.13

4 0.32 x 12 (line) 0.17.

Effect of receiving-slit aperture apg on profiles of quartz (b) (100) and (c) (121); peak intensities normalized, Cu Ko, argg 1°.

Copyright © 2006 International Union of Crystallography

references


http://it.iucr.org/Cb/ch2o3v0001/references/
http://it.iucr.org/Cb/ch2o3v0001/fig2o3o1o9/


<<
  /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


