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INTRODUCTION

HE importance of the anomalous dispersion
method in solving the structure of non-
centrosymmetric crystals with suitable heavy
atoms has been well recognized in recent years.
With a proper choice of the wavelength and
heavy atom it is possible to measure the Bijvoel
difference of a large number of reflections.
It is then possible to determine the phase
of a reflection but for a two-fold ambiguity.1:2
Various methods proposed!:3 to resolve this
ambiguity are (i) to use a pair of isomorphous
erystals in which the anomalous scatterers form
the replaceable group of atoms ; (ii) to use both
the phases and compute a double-phased synthe-

sis. This is the same as the ﬁ-—anomalous
synthesis proposed by Ramachandran and
Ramant; (iii) to use the phase closer to the

phase of the heavy-atom contribution to the
structure factor. This method has been success-
fully used by Raman,’ Dale et al.6 and Chopra
et al.

‘However, since the presence of anomalous
scatterers (i.e., heavy atoms) in a crystal biases
the phase angle distribution to be closer to the
heavy atom phase, the double-phased synthesis
in which the two ambiguities are given equal

weights is not consistent with the statistical

theory. So also, the method (iii) in which one
ambiguity is given unit weight and the other
zero weight is also not fully compatible with
statistical considerations. Thus, we are naturally
led to work out a weighting function in which
the two ambiguities are given weights depend-
ing on their probabilities of occurrences. Such
a weighting function is derived below.
DervaTION OF THE WEIGHTING FUNCTION
We consider a non-centrosymmetric crystal
containing P anomalous scatierers of the same
type and @ normal scatterers (i.e., light atoms)
in the unit cell. Let N (=P + @) be the total
number of atoms in the unit cell. The two
ambiguous phases obtained by the anomalous
dispersion method are shown in Fig, 1, in which
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FIG. 1. Argand diagram showing the.two-fold ambi-
guity in the phase determined by the anomalous dispersion
method, ' '
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6, is the acute one of the two possible values

for o, — a_, which are obtained by solving the
N P :

triangle for the Bijvoet difference. The other

value will obviously be 7— 6. The structlju"e

factor equation of a reflection H, corresponding

to the two ambiguous values can be written as

Fy'v (H) = Fp (H) + Fo' (H) (1)
where (=1, 2) refers to the ambiguities 8
and 7~ 4, for ag —ap, Since the probabilities
for the events Fo'¥ to occur are known to be8
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where
Q.
o’ = X fof,
=1
it is clear from Equations (1) and (2) that

the probabilities of occurrence of the events
Fgt) for a given Fp, are given by

P [Fr'; Fp]

(L) o [

Since |Fx™| = |Fx'?| = |Fx|, say, we can write
Equation (3) as

-~

P [Fy'"; Fp] = Kexp [~ Xcos 09]  (4)

where we have used the simplifying notations

K = (7;(%&) exp [— “FN!QU:?[ Fp l:)]
_2IFn||Fe]
aQ”

X and 6% = ay' —ap, (5)

It is clearly seen that

60 = g,
Fr = l FNl exp tag®
= |Fx| exp i (ap + b)) (6a)
and :
C B =7 — 4§,
Fx® = | FN | exp iog®

= |Fy|exp.i(ap + 7 — ). (6D)

Now, each F ) may be weighted with its
probability of occurrence, taking the total
weight assigned for all events to be unity. The
weighted structure factor F will then be given
by

2 Fy't P[Fy'i); Fp]

i=1

21 P [Fy'"; Fp]

i=1

Fpw =

(7)

Using Equations (4) and (6) in Equation (7)
and simplifying the resulting expression, we get
. FyW = [|Fx| exp iep] .

X [cos b, tanh (X -cos 8;) <+ isin 6,]. -
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Since |Fy| exp iap is the coefficient used in the

conventional heavy-atom method, we may writs
Fy¥ = W | Fx| exp iap (9)

where the weighting function W is given by
W = cos 0, tanh (X cos 6,) + i sin 6,

= | W | exp law (10)

where :
|W | = [{cos 6, tanh (X cos 6,))* + sin®6y]}
and

__tanb |
tanh (X cos 6,) }

This weighting function can be readily com-
puted from the known positions of the ano-
malous scatterers, the known contents of the
unit cell and the measured Bijvoet difference.
Since the weighting function derived here is a
complex quantity, it leads to a correction in
the amplitude as well as a change in the phase
of the structure amplitude.

It is obvious that the weighted structure
amplitude given by Equation (9) is statistically
the best that can be used in a Fourier, making
use of anomalous dispersion data. It is also
clearly superior to the usual weighted synthe-
sis? using only the heavy-atom phase. Investi-
gations regarding the power of this weighting
function and details regarding tests of its
usefulness will appear elsewhere,

ayy = tant { (11)
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Note added in proof—Since this note was
sent to press, a short communication by G. A.
Sim (Acta Cryst, 1964, 17, 1072) has come to
the attention of the authors in which similar
results have been derived.
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