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SHORT COMMUNICATIONS

Site-symmetrized expressions of structure amplitudes. By K.KUrki-Suonio, Department of Physics, University of

Helsinki, Helsinki 17, Finland.

(Received 21 January 1970 and in revised form 9 March 1970)

The deficiencies of the conventional structure-factor formalism based on spherical atoms are clearly seen
if atomic site symmetry is included in the expressions. Fluorite, cuprite, iron nitride and the h.c.p. structure
are given as important examples of the failure of the conventional expressions.

In diffraction studies of simple structures it is often possible
to point out that definite components of the structure give
rise to a certain class of reflexions because of destructive
interference of the scattering by the other components. This
seems to make direct conclusions on the state of the atoms
without complicated analysis possible, on the basis of a few
reflexions. In such connexions the conventional spherical
atom expressions of structure amplitudes may lead to
misinterpretation of data, because non-sphericities allowed
by the atomic-site symmetry may violate the conventional
extinction rules.

The site symmetry is emphasized by Dawson (1967q,
1969) in his general structure-factor formalism, and it is
properly taken into account in the applications (Dawson,
1967b,c,d; Dawson, Hurley & Maslen, 1967; Dawson &
Willis, 1967). It can, however, be included quite simply also
in the conventional formalism, where we see most clearly
the deficiencies of the spherical expressions. Generally,
atoms of one kind A give the contribution

F§® =3 f.(b,) exp {2nib; . 1.} m

to the structure amplitude F;. Here fx(b) and r» are the scat-
tering amplitude (temperature factor included) and the
nuclear position, respectively, of the nth atom of the kind A
in the unit cell. If all atoms A are assumed similar this is
simply

F=£,0,) 3 exp {2mb, .1}, @

and if they are at special positions, this will yield some ex-
tinction rule.

If the surroundings of the atoms are not identical, also
the atoms themselves will differ, and a correction must be
added in equation (2). If the site symmetries are completely
different, this correction can never be assumed to vanish. If
the surroundings differ only by orientation of the neigh-
bours, the atoms will be related by simple transformations,
and it is possible to reduce equation (1) to a form which
includes the atomic factor of just one atom with different
directions of b. Thus, the correction can be understood as
caused by certain deformations of the atom A. Especially,
if the atom is not centrosymmetric the atomic factor will be
complex with f(—b)=f*(), and the decomposition f(b)=
‘Ref+1i Imf corresponds to that of the atomic density into
its symmetric and antisymmetric part. For instance, in the
best known case of the diamond the failure of the con-
ventional extinction rules is due to the non-vanishing
imaginary part of the atomic factor, ¢f. Dawson (1967b).

Fluorite is another example with f.c.c. structure. It has
the three atom structural unit: Ca at (0,0,0) Fa at ~ (3,4, %)
and Fz at (3,%,3). The fluorine atoms have tetrahedral site
symmetry and they are related by inversion. This yields

Fra=(f.c.c)t

x [fCa+ 2Refr, cos; (h+k+1)+2Imfr, sin;(h+k+1)] .

The extinction of the fluorine contribution in the ‘odd’ or
calcium reflexions is, thus, never complete, since Imfr
vanishes only when one of the indices is zero (¢f. Kurki-
Suonio & Meisalo, 1966).

Cuprite contains an f.c.c. lattice of copper and b.c.c.
lattice of oxygen. The conventional expression is

Fr=(f.c.c.) X fcu+ (b.c.c.) x fo exp {— i % (h+k+ 1)} ,

while the correct site symmetrized expression can be
written

Frrr=foa(hkD) + four(Rkl) exp {in(k+ 1)}

+ four(hkl) exp {in(h+ 1)} + four(hkl) exp {in(h+ k)}
+2Refoy 00 5 (h+k-+1)+2Imfo, sin-(h+k+1) .

Again, the conventional extinction rules fail. The ‘all-odd’
or copper reflexions always contain a contribution from the
asymmetry of oxygen. Similarly, the ‘one-even, two-odd’ or
oxygen reflexions include a component due to deformation
of copper atoms. Finally, the rule for complete extinction
concerning the ‘one-odd, two-even’ reflexions is not exactly
valid, since the deformation contribution from neither kind
of atom will vanish, except when one of the indices is zero
(cf. Kurki-Suonio, 1969).

For the cubic iron nitride (FesN) we can write the con-
ventional expression

Fru=(f.c.c.) x fre+fx exp {in(h+k+1)} .

The three iron atoms at the face centres are related by
symmetry, while the one at the origin has a different site
symmetry. The general expression is

Frir=fre1+fx exp {in(h+k+1)}
+frea(hkl) exp {in(k+ 1)} + fre2(klh) exp {in(h+1)}
+ frea(Ihk) exp {in(h+k)} .

t For brevity we use the notation
(fec)= 4 for hkl all even or all odd
/710 for hkl with mixed parity

{2 for (h+k+1) even
(b.c.c)= {o for (A-+k-+1) odd.
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We see that the ‘mixed parity’ or nitrogen reflexions will
always contain a potential contribution due to deforma-
tions of the iron atoms.

The unit cell of the h.c.p. structure contains two atoms
in the positions +(%,4,%). They have non-centrosymmetric
positions related by inversion. Hence, the structure am-
plitudes are

Faer=2Ref4 cos ’; [3(h+26) + 1]
+2Imf sin % [B(h+26)+1],

where the second term is the correction due to asymmetry
of the atoms. The reflexions with A=k >0 and /=0 form a
complete list of non-identical reflexions. In the reflexions of
this list Imf4 vanishes by symmetry only if 2= k. According
to the conventional extinction rule all reflexions with odd /
and A=k +3n (n is any integer) are forbidden. This is now
exact only for n=0, all of the other ‘forbidden’ reflexions
being regular though very weak.

No systematic search was made to find all critical cases.
These examples are given just to show the rather obvious
principle and to remind us about the dangers of the con-
ventional expressions. The correction due to atomic deform-
ations is small, of course, but it must not be assumed zero.
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Unfortunately, elaborate collection of accurate data and
careful analysis of them can scarcely be avoided if one
wants to make sure about its significance.

This subject is treated in more detail in an internal report
of the Department of Physics, University of Helsinki.

Financial support from the National Research Council
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Excess and defect Kikuchi bands in electron diffraction ‘patterns. By Yasuo NAaxaA1, Department of Physics,

Nagoya University, Nagoya, Japan

(Received 3 December 1969)

In established parallel-beam electron-diffraction practice, it is known that reversal of contrast from excess
to defect occurs in Kikuchi bands when the crystal thickness is increased. A similar effect is observed when
the aperture angle of the incident electrons is increased.

Excess Kikuchi bands are observed in ordinary electron
diffraction patterns, from relatively thin crystals, while
thick crystals give rise only to defect bands (Shinohara &
Matsukawa, 1933; Boersch, 1933; Pfister, 1952). When the
thickness of the crystal is increased, the contrast reversal
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Fig.1. The experimental arrangement.

from excess to defect begins to appear around the incident
spot and it then extends outwards (Uyeda, 1968). This
effect has not been thoroughly interpreted, although Kai-
numa (1953) attributed it to anomalous absorption. In this
paper it is reported that the reversal of contrast also occurs
for a fixed crystal thickness if the aperture angle of the in-
cident electrons is increased in a way similar to that in the
Kossel—Mollenstedt diffraction technique.

The experimental arrangement is shown in Fig. 1. A glass
film of about 0-5 u#m thick, (sufficiently thick to scatter the
incident electrons over a wide angle) was placed over a
single crystal of silicon about 2000 A thick. Diffraction
patterns were taken on an electron microscope by the selec-
ted area diffraction technique. The aperture angle of the
incident electrons at the crystal was controlled by changing
the illuminated area of the glass film (see Fig.1). In Fig.1,
the case of a small aperture angle « is shown by the dotted
line, and that of a large aperture angle «” by the solid line.
The accelerating voltage was 100 kV. The diffraction pat-
terns for different angles o are reproduced in Fig.2. The
crystal film is normal to (111) and the {220}, {440} and
{224} bands appear as seen in Fig.2(a),(b) and (c); « increa-
ses in the order (@), (b),(c). A dotted circle in each photo-
graph corresponds to the angle o concerned. The illumina-



