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4.6. RECIPROCAL-SPACE IMAGES OF APERIODIC CRYSTALS

to a Z module of rank 2 in a 1D subspace, M; = {h;a; + hsa;}
corresponds to a Z module of rank 2 in a 2D subspace.
Consequently, the first submodule can be considered as a projection
from a 2D reciprocal lattice, M| = n“(E*), while the second
submodule is of the form of a reciprocal lattice, M5 = A*.

Hence, the reciprocal-basis vectors a;, i =1, ...,4, can be
considered to be projections of reciprocal-basis vectors
d,i=1,....,4 spannrng a 4D reciprocal lattice, onto the physical
space > = {H S hd by € 7}, with

1 T 0 0

* * -T * * 1 * * O * * O
d, =a 0 , 4y =a; 0 , 4 = a; ) ,dy =ay 0
0 0 0 1

A direct lattice 3 with basis d;,i = 1, ...,4and d; - d° = ¢;;, can be

constructed according to (compare Fig. 4.628) X=
{r= Z _mid;|m; € 7}, with
1 T
1 -7 1 1
d=—— i =—— ,
! 2+7)| 0 : ai2+7)| 0
0 0
0 0
110 110
G=—| [ d=—
Soaz| 1 a | 0
0 1

Consequently, the structure in physical space vl is equivalent to a
3D section of the 4D hypercrystal.

4.6.3.3.1.1. Indexing

The reciprocal space of the Fibonacci chain is densely filled with
Bragg reflections (Figs. 4.6.2.9 and 4.6.3.5). According to the nD
embedding method, the shorter the parallel-space distance AHI =

HH H” between two Bragg reflections, the larger the correspond-

ing perpendrcular-space distance AH* = H; — H{ becomes.
Since the structure factor F(H) decreases raprdly as a function of
H* (Fig. 4.6.3.6), ‘neighbouring” reflections of strong Bragg peaks
are extremely weak and, consequently, the reciprocal space appears
to be filled with discrete Bragg peaks even for low-resolution
experiments.

This property allows an unambiguous identification of a correct
set of reciprocal-basis vectors. However, infinitely many sets
allowing a correct indexing of the diffraction pattern with integer
indices exist. Nevertheless, an optimum basis (low indices are
assigned to strong reflections) can be derived: the intensity
distribution, not the metrics, characterizes the best choice of
indexing. Once the minimum distance S in the structure is identified
from chemical considerations, the reciprocal basis should be chosen
as described in Section 4.6.2.4. It has to be kept in mind, however,
that the identification of the metrics is not sufficient to distinguish in
the 1D aperiodic case between an incommensurately modulated
structure, a quasiperiodic structure or special kinds of structures
with fractally shaped atomic surfaces.

A correct set of reciprocal-basis vectors can be identified in the
following way:

(1) Find pairs of strong reflections whose physical-space
diffraction vectors are related to each other by the factor 7.

(2) Index these reflections by assigning an appropriate value to
a*. This value should be derived from the shortest interatomic
distance S expected in the structure.

(3) The reciprocal basis is correct if all observable Bragg
reflections can be indexed with integer numbers.
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Fig. 4.6.3.5. The structure factors F(H) (below) and their magnitudes
|F(H)| (above) of a Fibonacci chain decorated with equal pomt atoms
are shown as a function of the parallel- space component \H | of the
diffraction vector. The short distance in the Fibonacci chain is
S=25A, all structure factors within 0 < |[H| <2.5 A" have been
calculated and normalized to F(00) = 1.

4.6.3.3.1.2. Diffraction symmetry
The possible Laue symmetry group K>P of the Fourier module
={Hl = Zf 1hiaj|h; € Z} is any one of the direct product
K3D K?® @ K'P ® 1. K*P corresponds to one of the ten crystal-
lographic 2D point groups, K'® = {1} in the general case of a
quasiperiodic stacking of periodic layers. Consequently, the nine
Laue groups 1, 2/m, mmm, 4/m, 4/mmm, 3, 3m, 6/m and 6 /mmm are
possible. These are all 3D crystallographic Laue groups except for
the two cubic ones.

The (unweighted) Fourier module shows only 2D lattice
symmetry. In the third dimension, the submodule M| remains
invariant under the scaling symmetry operation S"M| = 7"M| with
ne€Z. The scahng symmetry operators S" form an infinite group

s=1{...,57 1,898, ...} of reciprocal-basis transformations S" in
superspace,
01 0 0\" 1100
1 100 71 1 000
St = , 8 = ,
0010 0010
0001/, 0001/,
1 000
O 01 00
001 0f°
0001/,

and act on the reciprocal basis d in superspace.

499

Copyright © 2006 International Union of Crystallography

references


http://it.iucr.org/Ba/ch4o6v0001/references/
http://it.iucr.org/Ba/ch4o6v0001/sec4o6o3o3o1o1/


<<
  /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


