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4.3. ELECTRON DIFFRACTION

Values of A, 2", m/my, B=v/c, and o are listed for various
values of the accelerating voltage, E, in Table 4.3.2.1 with 4 in
A and E in volts.

4.3.1.5. Absorption effects

Any scattering process, whether elastic or inelastic, which
removes energy from the set of diffracted beams being
considered, may be said to constitute an absorption process.
For example, for a measurement of the intensities of the
elastically scattered, sharp Bragg reflections from a crystal, any
process which gives diffuse background scattering or results in a
detectable loss of energy gives rise to absorption.

The diffracted amplitudes in such cases may be calculated, at
least as a first approximation, in terms of a complex potential,
¢.(r), containing an imaginary part ¢,(r) due to an ‘absorption
function’ and a small added real part Ag(r). Then under the
crystallographic sign convention, ¢ .(r) = @(r) — ig;(r) + Ap(r).
Correspondingly, for a centrosymmetric crystal, the structure
amplitude becomes complex and may be written

V(h) = Vy(h) — iV'(h) + V"(h). (4.3.1.28)
Under the appropriate conditions of observation, important
contributions to the imaginary and real additions to the structure
amplitudes may be given by the excitation of phonons, plasmons,
or electron transitions, or by diffuse scattering due to crystal
defects or disorder.

The additional terms iV’(h) and V”(h), however, are not
invariant properties of the crystal structure but depend on the
conditions of the diffraction experiment, such as the accelerating
voltage and orientation of the incident beam, the aperture or
resolution of the recording system, and the use of energy
filtering or discrimination. In spite of this, it may often be
convenient to treat them as being produced by phenomenological
complex potentials, defined for a limited range of experimental
conditions.

4.3.1.6. Tables of atomic scattering amplitudes for electrons

Tables 4.3.1.1 and 4.3.1.2 list values of f2(s) in A for all
neutral atoms and most chemically significant ions, respectively.
The values have been given by Doyle & Turner (1968) for
several cases, denoted by RHF using the relativistic Hartree—
Fock atomic potentials of Coulthard (1967). For all other atoms
and ions, f2(s) has been found using the Mott-Bethe formula
[equation (4.3.1.15)] for s # 0, and the X-ray scattering factors
of Table 2.2A of IT IV (1974). Thus all other neutral atoms
except hydrogen are based on the relativistic Hartree-Fock
wavefunctions of Mann (1968). These are designated by *RHF.
For H and for ions below Rb, denoted by HF, f2(s) is ultimately
based on the nonrelativistic Hartree-Fock wavefunctions of
Mann (1968). For ions above Rb, denoted by *DS, modified
relativistic Dirac-Slater wavefunctions calculated by Cromer &
Waber (1974) are used.

For low values of s, the Mott formula becomes less accurate,
since [Z — f.(s)] tends to zero with s for neutral atoms. Except for
the RHF atoms, f2(s) for s from 0.01 to 0.03 are omitted in
Table 4.3.1.1 and for s from 0.04 to 0.11, only two decimal
places are given. f5(s) is then accurate to the figure quoted. For
these atoms, f2(0) was found using the formula given by Ibers
(1958):

For ionized atoms, f;(0) = 00. The values listed at s = 0 in
Table 4.3.1.2 for RHF atoms were calculated by Doyle &
Turner (1968) with ¢(r) in equation (4.3.1.13) replaced by ¢/(r),
where

¢'(r) = @(r) —eAZ/r. (4.3.1.30)

Here, AZ is the ionic charge. This approach omits the Coulomb
field due to the excess or deficiency of charge on the nucleus.
With the use of these values, the structure factor for forward
scattering by a neutral unit cell containing ions may be found in
the conventional way. Similar values are not available for other
ions because the atomic potential data are lacking.

For computer applications, numerical approximations to the
f(s) of these tables have been given by Doyle & Turner (1968) as
sums of Gaussians for the range s = 0 to 2 A~'. An alternative is
to make Gaussian fits to X-ray scattering factors, then use the
Mott formula to derive electron scattering factors. As discussed
by Peng & Cowley (1988), this practice may lead to problems for
small values of s. An additional problem occurs in high-
resolution electron—microscopy (HREM) image-simulation pro-
grams, where it is usually necessary to have electron scattering
factors for the range 0 to 6A~". Fox, O’Keefe & Tabbernor
(1989) point out that extrapolatlon of the Gaussian fits of Doyle
& Turner (1968) to values past 2A7" can be highly inaccurate.
For the range of s from 2 to 6 A~", Fox et al. have used sums of
polynomials to make accurate fits to the X-ray scattering factors
of Doyle & Turner (1968) for many elements (Section 6.1.1),
and electron scattering factors can be generated from these data
by use of the Mott formula.

Recently, Rez, Rez & Grant (1994) have published new tables
of X-ray scattering factors obtained using a multiconfiguration
Dirac-Fock code and two parameterizations in terms of four
Gaussians, one of higher accuracy over the range of about 2 A~
and the other of lower accuracy over the extended range of about
6A~!. These authors suggest that electron scattering factors may
best be obtained from these X-ray scattering factors by using the
Mott formula. They provide a table of values for the electron
scattering factor values for zero scattering angle, f,,(0), for many
elements and ions, which may be of value for the calculation of
mean inner potentials.

4.3.1.7. Use of Tables 4.3.1.1 and 4.3.1.2

In order to calculate the Fourier coefficients V(h) of the
potential distribution ¢(r), for insertion in the formulae used to
calculate intensities [such as (4.3.1.6), (4.3.1.20), (4.3.1.21)],
or in the numerical methods for dynamical diffraction calcula-
tions, use

V(h)(in volts) = 47.87801&(h)/ 2, (4.3.1.31)

where

@(h) = Efl exp{2mi h-r;}. (4.3.1.32)
The f; values are obtained from Tables 4.3.1.1 and 4.3.1.2, and
£2 is the unit-cell volume inA3. The V(h) and the f; tabulated are
properties of the crystal structure and the isolated atoms,
respectively, and are independent of the particular scattering
theory assumed.

Expressions for the calculation of intensities in the kinematical
approximation are given for powder patterns and oblique texture
patterns in Section 2.5.3, and for thin crystal plates in Section

5 4me? 2.5.1 of Volume B (IT B, 1992). Since the formulas for

f7(0)= 32 Z{r), (4.3.1.29)  kinematical scattering, such as (4.3.1.19) and (4.3.1.20), include

the parameter K = o/4, which varies with the energy of the

where (r?) is the mean-square atomic radius. electron beam through relativistic effects, it may be considered
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