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2.3. POWDER AND RELATED TECHNIQUES: X-RAY TECHNIQUES

The easy wavelength selection makes it possible to avoid
specimen fluorescence, to record data on both sides of an
absorption edge for anomalous-scattering studies, to select
optimum angles and wavelengths for lattice-parameter measure-
ments, and to vary the dispersion. Short-wavelength radiation
can be used for uncomplicated patterns without the background
occurring in X-ray tube spectra. Fig. 2.3.2.2 shows a silicon
pattern obtained with 1.0 A X-rays in which there are twice
as many reflections as can be recorded with Cu K«, and the
background remains very low out to the highest 260 angles. The
short wavelengths (~ 0.7 A) are especially useful for samples
mounted in cryostats, furnaces, and pressure cells.

Using an incident-beam tunable monochromator, no contin-
uous radiation reaches the specimen and a wavelength can be
selected that gives a high peak-to-background ratio and no
specimen fluorescence. If the specimen contains different
chemical phases, patterns can be recorded using wavelengths
on both sides of the absorption edge to enhance one of the
patterns as an aid in identification. This is illustrated in Fig.
2.3.2.3 for a mixture of Ni and ZnO powders. A pattern (a) with
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Fig. 2.3.2.3. Synchrotron-radiation patterns of a mixture of Ni and ZnO
powders. Diffraction pattern using a wavelength (a) slightly longer
than the Ni K-absorption edge and (b) slightly shorter. (¢) High-
resolution energy-dispersive diffraction (EDD) pattern.

1.09 =7(A)0.55

Copyright © 2006 International Union of Crystallography

maximum peak-to-background ratio is obtained with a wave-
length slightly longer than the Ni K-absorption edge but using a
wavelength shorter than the edge (b) causes high Ni K
fluorescence background. The relative intensities of the peaks
in each compound are the same with both wavelengths.
However, the large change in the Ni absorption across the
edge caused a large difference in the ratio of Ni/ZnO intensities.
The Ni(111) decreased by 85% and the intensity ratio
Ni(111)/Zn0O(102) dropped from 4.2 to 1.3.

Modified conventional vertical-scanning diffractometers are
used to avoid intensity losses from the strong polarization in the
horizontal plane. The six basic powder diffraction methods that
have been used are:

(a) Monochromatic X-rays with 6-26 scanning and flat
specimen as in conventional X-ray tube methods but using
parallel-beam X-ray optics. This is the most widely applicable
method for polycrystalline materials.

(b) Monochromatic X-rays with fixed specimen and 26
detector scan, used for analysing texture, preferred orientation,
and grazing-incidence diffraction.

(¢) Monochromatic X-rays with a capillary specimen and
scanning receiving slit or position-sensitive detector.

(d) Energy-dispersive diffraction using a step-scanned channel
monochromator, selectable fixed 6-20 positions, and conven-
tional scintillation counter and electronics. The instrumentation
is the same as (@) and may be used in methods that require a
stationary specimen.

(e) Energy-dispersive diffraction using the white beam, solid-
state detector and multichannel analyser, and selected fixed 6-26.
This is the method frequently used with synchrotron and X-ray
tube sources but it has low pattern resolution (Giessen &
Gordon, 1968).

(f) Angle-dispersive or energy-dispersive experiments with
an imaging-plate detector, whereby complete Debye-Scherrer
rings are recorded simultaneously, as in some film methods
(Subsection 2.3.4.1) (e.g. Piltz et al., 1992). This is a
particularly useful technique for studies under non-ambient
conditions, such as experiments at ultra-high pressure (e.g.
McMahon & Nelmes, 1993).

2.3.2.1. Monochromatic radiation, 6-260 scan

The X-ray optics of a plane-wave parallel-beam diffractometer
is shown schematically in Fig. 2.3.2.4(a). The primary white
beam is limited by slits at C1. A channel monochromator CM is
used because it has the important property of maintaining the
same direction and position for a wide range of wavelengths. It
may be used in the dispersive setting with respect to the specimen
or in the parallel setting [Fig. 2.3.2.4(b)]. The monochromatic
beam is larger than the entrance slit ES and it is unnecessary to
realign the powder diffractometer when changing wavelengths.
The monochromator can be mounted on a stripped diffractometer
for easy alignment and step scanning.

There are no characteristic spectral lines and the wavelength
calibration of the monochromator is made by step scanning the
monochromator across absorption edges of elements in a
specimen or pure element foils placed in the beam. The
wavelength accuracy is limited by the uncertainty as to what
feature of the edge should be measured and which one was used
for the wavelength tables. A standard powder sample such as
NIST silicon 640b whose lattice parameter is known with
moderately high precision can also be used. An alternative
method is to measure the reflection angle of a single-crystal plate
of float-zones oxygen-free silicon whose lattice parameter is
known to 1 part in 1077 and to determine the wavelength from

references


http://it.iucr.org/Cb/ch2o3v0001/references/
http://it.iucr.org/Cb/ch2o3v0001/fig2o3o2o3/


<<
  /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


