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A note on the values of the ratio of the imaginary to the real part of the atomic scattering factors for the

X-ray Ke,; and Kp, radiations.* By V. ParTHASARATHI and S. PARTHASARATHY, Centre of Advanced Study in
Physics, University of Madras, Guindy Campus, Madras-600025, India

(Received 6 September 1973; accepted 11 September 1973)

The values of the ratio (k) of the imaginary to the total real part of the atomic scattering factor are obtained
for atoms with Z=10 to 98 for the Ka, and KB, radiations of Cr, Fe, Cu, Mo and Ag. Numerical tables
contain the value of & corresponding to the forward direction (denoted by ko) and the average values of k
for the ranges =0 to 50° and =0 to 90° (denoted by ks, and ks respectively).

The probability distributions of quantities such as the
normalized Bijvoet differences x and 4 (Parthasarathy &
Srinivasan, 1964), Bijvoet ratio § (Parthasarathy, 1967;
Parthasarathy & Parthasarathi, 1973), anomalous phase
angle a4 (Parthasarathy, Sabesan & Venkatesan, 1970), and
the phasc angle error 6 (Parthasarathy, 1965) are found to
depend on the parameter k [=4f"/(fo+ 4f")]T which is the
ratio of the imaginary to the total real part of the atomic
scattering factor of the anomalously scattering atoms in the
unit cell. Further it can be seen (see the above references)
that the distributions of x, 4, 8, ¢4 and 8 are more sensitive
to variations in the value of & than in the other parameter
(i.e. 6?) defining the relevant distributions. It is therefore
useful for the purpose of ready reference, to tabulate the
values of & for various atoms for different X-radiations.
Though the value of the imaginary part 4f” (which owes
its existence to the inner-most electrons) of an atom for a
given wavelength could be taken to be practically constant
for various values of the Bragg angle 6, the quantity k will
be a monotonically increasing function of (sin 6)/4
(abbreviated as s), owing to the marked fall of the atomic
scattering factor f, with increasing s. The average values of
k over the various values of s for a few atoms for Cu K« and
Mo K« radiations have been calculated by Parthasarathy
(1967) and it can be seen that the average value & (denoted
hereafter by &) of an atom for a given wavelength is signi-
ficantly different from the value corresponding to the for-
ward direction (denoted by k,). Since, for the application
of the theoretical distributions of x, 4, J, a4 and 6 the value
of k is more important than that of k¢, we shall evaluate &
for atoms with Z=10 to Z=98. In some actual crystals,
becausz of thermal vibrations, the reflexions for which 0 is
large (say, 8> 50°) may be too weak to be measured (see
Hall & Maslen, 1965). It would therefore be useful to have
the values of £ for the range 0=0 to 50° as well. Since the
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t The atomic scattering factor of an anomalous scatterer
isa complex quantity and is usually written as f=f, + Af" +i4f".

Table 1. Values (%) of the ratio of the imaginary to the
total real part of the atomic scattering factors for the Ka,
radiations of Cr, Fe, Cu, Mo and Ag
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quantity 4f” for an atom depends explicitly on the wave-
length used, the value k also will differ for different wave-
lengths. We shall hence tabulate the value of ko, &sg0 and
kooo* for the Ka, and KB, radiations of Cr, Fe, Cu, Mo and
Ag.

The value of & for a given range of s, say s=0 to s,, can
be obtained by the following procedure. Imagine the recip-
rocal space to be divided into a number of thin spherical
shells and consider one such elementary shell of radius
H(=2s) and thickness dH. The value of k in this shell can

* Here kso- denotes the average value of k for the range
0=0 to 50° while ks denotes that for the entire range of 6,
viz., 6=0 to 90°.

Table 2. Values (%) of the ratio of the imaginary to the
total real part of the atomic scattering factors for the Kf,
radiations of Cr, Fe, Cu, Mo and Ag
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be taken to be constant. The fractional number of recip-
rocal lattice points within this elementary sheli is

H,
(47IH2dH)/(§ 4nH*dH)=(3H*H)/H3. (n
«0

The value of k for the range H=0to H, (i.e. s=0 tos,) can
be obtained by taking a weighted average of &, the weight
for the value of k in an elementary shell of radius H being
the fractional number of reciprocal points in that shell. We
thus have

- 3

f= H§ K(HYHAH @)

Since H=2s, (2) can also be written as

3 (S
k= =5 S k(s)s*ds . 3)
51 Jo

Equation (3) was used for obtaining the value of £. The
theoretical values 4f" and 4f” which are needed for the
computation of k are taken from Cromer & Liberman
(1970) for the Ka, radiations and from Hazell (1967) for the
Kp, radiations. It has been found to be convenient to eval-
uate the atomic scattering factors for various values of s
by an analytical method from the constants given by
Cromer (1965). The values of the wavelengths for the Ka,
and the Kp, radiations necessary for evaluating s, occurring
in (3) have been taken from Vol. 111 of International Tables
for X-ray Crystallography (1962). The integration involved
in (3) was carried out for each atom and wavelength by a
numerical procedure on the IBM-1130 computer of this
Centre. The values of &, ksgo and kogo for the Ka, radiations
of Cr, Fe, Cu, Mo and Ag are given in Table 1 and those for
the Kf, of thesc target elements in Table 2.

One of the authors (V.P.) thanks the University Grants
Commission, India for financial support.
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