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Abstract

The knowledge on the total number of neces—
sary and collectable reflections for the crystal
structure analysis is greatly helpful in choosing
the conditions for X-ray intensity data collection
using automatic four circle diffractometer.

In this paper, we represent a method to calculate
the total number of collectable intensity data in an
asymmetric unit.
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I. Introduction

Since a reciprocal lattice point corresponds to a
reflection plane in a real space, the total number of
reflections within the limiting sphere can be ca-
Iculated by dividing the volume of the limiting
sphere by the reciprocal lattice volume of a sa-
mple. The number of reflections, however, is
reduced by taking only an asymmetric unit of
intensity data and by eliminating the systema-
tically absent reflections due to the symmetry of
the Bravais lattice, and furthermore, by limiting
the range of Bragg angle.

The methods shown previously are incomplete
and even contain error'* ». This paper reports a
method to calculate the total number of coll-
ectable reflections in an asymmetric unit with
the limit of Bragg angle and the reflection condit-
ions for Bravais lattices.

1. Theory

The volume of a reciprocal lattice space of a
crystal limited by Bragg angle ¢ is Vr*= (47 /3)
 as shown in Fig. 1, where r* = (2sin 4 )/ A and
A is the wavelength of X-ray.

If V and V* are the volumes of a real and a re—
ciprocal lattice unit cells of a sample, respectively,

Ewald sphere

the total number N of reciprocal lattice points in
the sphere Vr* is obtained by multiplying the
volume Vr* by V since V- V¥ =1,

The intensity patterns of 230 space groups are
classified into 14 different kinds of point groups
with an.inversion center and, because of their
symmetries, the asymmetric unit of intensity data
of each point group represents only a certain
fraction of the total number of reciprocal lattice
points as shown in Table 1.

Table 1. The fraction f of reciprocal lattice space belonging
to the asymmetric unit of Laue group.

Crystal Laue f
system Group
Triclinic T 1/2
Monoclinic 2/m 1/4
Orthorhombic mmm 1/8
Tet ragonal 4/m 1/8
4/mmm 1/16
Trigonal 3([R) 1/6
3(H)
am(R)
31m (H) 1/12
3m1 (H)
Hexagonal 6/m 1/12
6/mmm 1/24
Cubic m3 1/24
m3m 1/48

Fig 1. The reciprocal lattice points within the sphere with the radius r*= (2sin §)/ A are to be diffracted in a

four—circle diffractometer,
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If the Bravais lattice of a crystal is known, the
number of reflections can be further reduced by
applying the corresponding reflection conditions
shown in Table 2.

Table 2, The redﬁcing rate S of the number of reflections by
Bravais lattice

Bravais lattice reflection

conditions
Primitive (P) none 1
A-face centered (A) k+l = 2n 172
B-face centered (B) h+l = 2n 1/2
C-face centered (C) h+k = 2n 172
Body centered (1) h+k+l = 2n 172
All-face centered (F) h,k, 1:all even 174

or all odd

triply primitive (TPR) h+k+l = 3n 173
rhombohedral
hexagonal close (HCP) h-k = 3n, | = 2m 5/6
packed or h-k = 3n+1
obverse setting (OSH)| -h+k+l = 3n 173
hexagonal )
reverse setting (RSH) h-k+l = 3n 1/3
hexagonal
hexagonally (HC) h-k+! = 3n 1/3
centered ) R

Therefore, the total number N of the reciprocal
lattice points to be taken for the crystal structure
analysis is given as follows: ‘

N =4 (5,%-1,%)- V-£-S =(Ve,*~Vr,*)- V-£-S,

where Vr,* and Vr,* are the reciprocal lattice
volumes corresponding to the upper and lower
limits of Bragg angles, respectively, and their
values are given in Table 3.
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Table 3. The volume of the reciprocal lattice sphere of
crystal corresponding to Bragg angle.
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