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2. RECIPROCAL SPACE IN CRYSTAL-STRUCTURE DETERMINATION
spherical surface with the centre at the point 000; the oblique
cross section of such bands produces reﬂections in the form of
arcs. The main interference curves for texture patterns are
ellipses imaging oblique plane cross sections of the cylinders hk
(Fig. 2.5.4.3).
At the normal electron-beam incidence (tilting angle ’ ¼ 0 )
the ED pattern represents a cross section of cylinders perpendicular to the axis c, i.e. a system of rings.
On tilting the specimen to an angle ’ with respect to its normal
position (usually ’ ’ 60 ) the patterns image an oblique cross
section of the cylindrical RL, and are called oblique-texture (OT)
ED patterns. The ellipses ðhk ¼ constantÞ and layer lines
ðl ¼ constantÞ for orthogonal lattices are the main characteristic
lines of ED patterns along which the reﬂections are arranged.
The shortcoming of oblique-texture ED patterns is the absence of
reﬂections lying inside the cone formed by rotation of the straight
line coming from the point 000 at an angle ð90  ’Þ around the
axis c and, in particular, of reﬂections 00l. However, at ’ <
 60–
70 the set of reﬂections is usually sufﬁcient for structural
determination.
For unit-cell determination and reﬂection indexing the values d
(i.e. jhj) are used, and the reﬂection positions deﬁned by the
ellipses hk to which they belong and the values  are considered.
The periods a ; b are obtained directly from h100 and h010 values.
The period c , if it is normal to the plane a b (  being arbitrary), is calculated as

Fig. 2.5.4.3. Formation of ellipses on an electron-diffraction pattern from an
oblique texture.

Obtaining xn ; yn one can calculate
cn ¼ ½ðxn aÞ2 þ ðyn bÞ2 þ 2xn yn ab cos 1=2 :



c ¼ =l ¼

ðh2hkl



h2hk0 Þ1=2 =l:

ð2:5:4:5aÞ
Since

For oblique-angled lattices
d001 ¼ L=q sin ’;


c ¼

½ðh2l1 þl

þ

h2l1 l



2h2l Þ=21=2 =l:

The ,  values are then deﬁned by the relations

In the general case of oblique-angled lattices the coaxial cylinders
hk have radii

cos  ¼ ðxn a cos  þ yn bÞ=c;
bhk ¼ ð1= sin Þ½ðh2 =a2 Þ þ ðk2 =b2 Þ
 ð2hk cos =abÞ1=2

cos  ¼ ðxn a þ yn b cos Þ=c:

Because of the small particle dimensions in textured specimens, the kinematic approximation is more reliable for OT
patterns, enabling a more precise calculation of the structure
amplitudes from the intensities of reﬂections.
Polycrystal ED patterns. In this case, the RL is a set of
concentric spheres with radii hhkl . The ED pattern, like an X-ray
powder pattern, is a set of rings with radii

ð2:5:4:7Þ

In OT patterns the bhk and  values are represented by the
lengths of the small axes of the ellipses Bhk ¼ Lbhk and the
distances of the reﬂections hkl from the line of small axes
(equatorial line of the pattern)
Dhkl ¼ L= sin ’ ¼ hp þ ks þ lq:

rhkl ¼ hhkl L:

ð2:5:4:8Þ

ð2:5:4:12Þ

2.5.4.3. Intensities of diffraction beams
The intensities of scattering by a crystal are determined by the
scattering amplitudes of atoms in the crystal, given by (see also
Section 5.2.1)

Analysis of the Bhk values gives a, b, , while p, s and q are
calculated from the Dhkl values. It is essential that the components of the normal projections cn of the axis c on the plane ab
measured in the units of a and b are

feabs ðsÞ ¼ 4K

Z

’ðrÞr2

sin sr
dr;
sr

2me
K ¼ 2 ; fe ¼ K 1 feabs ;
h

xn ¼ ðc=aÞðcos   cos  cos Þ= sin2 
¼ p=q;
yn ¼ ðc=bÞðcos   cos  cos Þ= sin2 

ð2:5:4:11Þ

ð2:5:4:6Þ

and it is always possible to use the measured or calculated values
bhk in (2.5.4.5a) instead of hhk0, since
 ¼ ðh2hkl  b2hk Þ1=2 :

ð2:5:4:10Þ

c ¼ ðc2n þ d2001 Þ1=2 :

ð2:5:4:5bÞ

ð2:5:4:13Þ

ð2:5:4:9Þ
where ’ðrÞ is the potential of an atom and s ¼ 4ðsin Þ=. The
absolute values of feabs have the dimensionality of length L. In
EDSA it is convenient to use fe without K. The dimensionality of

¼ s=q:
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