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Abstract. A method based on the anomalous scattering of either x rays or neutrons has
been suggested to separate the partial structure factors in a liquid or amorphous binary
system.

1. Introduction

The static structure of a binary system AB, in the liquid or amorphous state is character-
ized by the three partial structure factors corresponding to the AA, AB and BB pair of atoms.
A separation of these individual structure factors is of importance in obtaining information
about the nature of interaction between the two types of atoms in the system as well as in
the interpretation of their electronic properties. While it is impossible to separate the
three partial structure factors from a single scattering experiment, a method based on the
combination of data obtained using three different radiations (x rays, neutrons and electrons)
or isotopic enrichment (neutron scattering) was suggested by Vineyard (1958) and the
relevant expressions were obtained by Keating (1963). The first experimental work using
this method is due to Enderby et al. (1966) who separated the three partial structure factors
in a Cu—Sn system by making measurements of scattered neutron intensity at three different
isotope concentrations of copper. The object of this paper is to suggest another method for
the separation of the partial structure factors in binary systems where one species of atoms
scatters x rays or neutrons anomalously.

Recently from our laboratory, we have investigated the use of anomalous scattering in
the determination of the polarization vectors of lattice waves and in the separation of the
static displacement due to AA and BB pair of atoms in a binary alloy system (Ramaseshan
and Viswanathan 1970, Ramesh and Ramaseshan 1971). In what follows, we shall consider
a liquid system although all the arguments equally well apply to an amorphous solid.

2. Anomalous scattering

It is well known that near an absorption edge, the scattering factor for x rays becomes
complex leading to many interesting applications in crystallography (see eg Ramaseshan
1963). Peterson and Smith (1961, 1962) showed that some nuclides like "Li, '°B, ''3Cd,
1499m, !3'Eu and '37Gd exhibit resonant elastic scattering of neutrons in the thermal
energy region. As in x rays. the scattering length for neutrons becomes complex and can be
represented as

b=by+ b +ib" (1)

by corresponds to the potential scattering length whereas b’ and b” correspond to the
dispersion terms. Figure 1 illustrates the variation with wavelength of these three quantities
for 113Cd isotope. The salient features of neutron anomalous scattering can be summarized
as follows.

(i) Firstly, the dispersion behaviour of " and b” is very different from that in x ray
anomalous scattering. Secondly, b” is always positive and exists on either side of the
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resonant wavelength whereas in x rays b” is present only in the short wavelength region of
the absorption edge. Further b’ can assume both positive and negative values, a behaviour
markedly different from that in x rays.

(ii) Secondly, b'/b, and b"/b, are nearly two orders of magnitude larger as compared
with the corresponding quantities for x rays. Typically, b'/b, and b"/b, ~ 5-10 whereas
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Figure 1. The variation of b’ and b" near the resonant wavelength of '!*Cd isotope.
The by, b’ and b” are measured in centimetres.

for xrays b'/b, and b"/b, ~ 0-1-0-3. The importance of these large magnitudes of b’ and
b” in crystallographic work has been noted by Peterson and Smith (1961, 1962), Rama-
seshan (1966) and Singh and Ramaseshan (1968).

3. Liquid structure factor and anomalous scattering

Consider an AB liquid binary system with X, and X representing the atomic fractions
of the two species of atoms in the liquid. The x ray notation is used in what follows, but the
treatment is valid for neutron scattering also. Let the A species of atoms scatter the radiation
anomalously, so that the scattering factor of an A atom could be written as

fA:on+f:A+ifX' (2)
The intensity of radiation scattered by the system in a direction defined by K, is given by
k)= (S5 (053 exD K Ro)) 3

where R, represents the interatomic vector connecting the atoms m and n. For a binary
system, the expression in (3) can be explicitly written as

Na Na
I (K) = N{Xafaf% + Xgf3} +(X Y fafkexp (iK.Rm,,)>
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where N = N, + Ny is the total number of atoms in the assemblage.
Now

Na Nu Na Vp
<Z¢Z fAfB €Xp (iK‘Rm")> = Z;EZ (on + f;\) fB cos K'Rmn

NaA Ns

Y3, fifgsin K.R,,m>. )

Assuming that all orientations of R,,,, with respect to K are equally probable in the liquid,
we get

cosK.R._ = : (6a)

and

=0 (6b)

where r = |R,,,|. The second result shows that the sine function, being antisymmetric,
averages to zero when R,,, assumes all orientations with equal probability. This is equivalent
to the statement that the Patterson function for a centrosymmetric crystal structure is
always real, even under the conditions of anomalous scattering. Since the structure of a
liquid is statistically centrosymmetric the same result holds good. Making use of the
relations (6a) and (6b), the various terms in equation (4) can be expressed in terms of their
corresponding pair correlation functions.

Na Na .
<;§ Safkexp (iK.R”m)> = M—lfp.f,\ fo 477 {gan(r) — 1) sin K; dr

F

X, V| Kr

”471’ NAgAA(r) N sin Krd
VXA vV

= NXifAfKJ‘

0

* in K
=NXifAf:tf 4ur? {p“”—po}sm oy (7
0 XA Kr

where paa(r) = (Na/V) gaalr) represents the atomic density of the A species of atoms at a
distance r from an A atom at the origin. The average densny of the liquid system is p, = N/V.
Introducing the partial structure factor I, ,(K) which is defined as

0 " H K "
LK) =1 + j dmr? {'D ‘;(’?(;) - po} Slr;(r' dr ()
0 A
we get
Na Na
Y 3 Safkexp GK.Ry)y = NXA/af${Ian(K) = 1}, ©)
Similarly
N NB
< Y3 fufsexp (K- Ry = NX33{InalK) = 1] (10)
where

* i pea(®) sin Kr ;
Ign(K) = 1 +L 47:7‘{ ’;B ~ po} e dr. (1
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Substituting equation (6b) in equation (5), we get

Na N
(X3 Safaep K Ry = NX Kol Fay + S2)SslLalK) ~ 1) (12)
where
< o) in Kr |
LK) = 1 + L P {";: - ,00} — e dr (13)
Since X zpas(r) = Xpppalr),
Ny Na
S5 fafKexp KRy = NXaXo( S, + S2) SolTalK) = 1. (14)

It is to be noted that the partial structure factor I, 5(K) in equations (12) and (14) is associated
with only (fa, + f4), the real part of the scattering factor of an A atom. Combining the
results from equation (9) to equation (14), the expression for the coherent part of the
scattered radiation (without the small angle scattering) takes the form

L(K)
N

= Xa a S5+ Xof8 + XASfaSfEIaaK) — 1} + X3 3 {Igs(K) — 1}

+ 22X\ Xa(fa, T Sa)Sellan(K) — 1}, (15)

It can be clearly seen from equation (15) that when the partial structure factors tend to
their asymptotic value of unity, the expression for the intensity reduces to the sum of the
contributions from the individual components.

The scattering factor terms f, and f are wavelength dependent so that by choosing a
different wavelength for the incident radiation, one can effectively change the scattering
factor of an A atom. It is clear that a measurement of the intensity of the coherently scattered
radiation at two wavelengths near the absorption region of an A atom provides two addi-
tional relations of the form given by equation (15). This data when combined with the one
obtained from normal scattering leads to a separation of the three partial structure factors
I4A(K), Tgp(K) and I4g(K).

It may be noted that in neutron scattering, (f,, + fa) can be made negative in the region
close to the absorption frequency on the long wavelength side. If in a binary liquid, the
interaction between the unlike atoms predominates, then a Fourier inversion of the measured
intensity yields the reduced pair correlation function whose first peak has a negative
strength. The presence of the unlike atom interaction in'a liquid alloy can therefore be
detected by a single scattering experiment near the absorption region though a quantitative
determination of the pair correlation functions, requires three independent scattering data.

4. Conclusion

It is shown that using anomalous scattering of either x rays or neutrons, one can separate
the partial structure factors in a liquid binary system. This method can also be utilized in
the analysis of the intensity data from amorphous binary alloys.

Appendix

The intensity expression for the total scattering as given by equation .(15) can be written
in an alternative form on introducing a different definition for the partial structure factor.
The alternative definition of the partial structure factor takes the form

4rr? {E“XL(}) - Po} SIIHQ "dr. (16)
B

LK) =1+ (XaX,,)l"zf
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I'x(K) is related to I,,(K) used in equation (15) by the relation,

wK)—1
LyK) =1+ ﬂLL)W. (17)
Laby
Making use of equation (17) the intensity expression as given by equation (15) takes the
form

I.(K ‘
_elli ) = Xafaf3AK) + Xg [3155(K) + 2(X 4 Xp)'? (fag + f4) fulas(K)
— 2(X A Xyt (fao + Sa) S5
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