This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

VOLIME L% WUMBIE 3 U0 HEN: B LR Physics and Chemistry Of Liquids
P hySiCS and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Meaning of the concentration independent partial interference functions of

liquid bianry systems
V. L Korsunsky?®; Yu. I. Naberukhin®
* Institute of Chemical Kinetics and Combustion, Academy of Science, Novosibrisk, USSR

- Norman H. March

’ - EmeriLas Protesios, Owfond Unbeersite UK
H. Angilella

Gluseppe 6.
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Korsunsky, V. I. and Naberukhin, Yu. I.(1976) 'Meaning of the concentration independent partial
interference functions of liquid bianry systems', Physics and Chemistry of Liquids, 5: 2, 137 — 149

To link to this Article: DOI: 10.1080/00319107608084114
URL: http://dx.doi.org/10.1080/00319107608084114

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319107608084114
http://www.informaworld.com/terms-and-conditions-of-access.pdf

09: 00 28 January 2011

Downl oaded At:

Phys. Chem. Lig., 1976, Vol. 5, pp. 137-149
® Gordon and Breach Science Publishers, Ltd., 1976.
Printed in Dordrecht, Holland

Meaning of the Concentration
Independent Partial Interference
Functions of Liquid Binary
Systems
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630090, USSR.
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The procedure of obtaining the concentration independent partial interference functions
Iij(k) which was applied in many articles for the analysis of diffraction experiments on
liquid metall alloys is reproduced for the model system of hard spheres. As in the real
alloys the functions I,-j(k) allow one to reconstruct the total interference functions of the
system in the wide range of compositions. However, 1;;(k) differ in an essential way from
the true partial functions L(k) of the model system. T{ms, although for every real binary
alloy it is possible to find (in a variety of ways) the concentration independent functions
Iij(k), they have no clear physical interpretation and, in any case, do not represent the true
partial interference functions of the system.

1  INTRODUCTION

The extraction of structural information from diffraction patterns of binary
solutions is difficult enough even in the case of simple atomic liquids. The
teason is that the coherent scattering of the radiation (X-rays, neutrons,
etc.) is characterized in such systems by three structure-sensitive functions —
partial structure factors Sy, Sy, Sy», in contrast with one — component
systems where a single structure factor is needed. With the help of these
functions the intensity of the scattered radiation at an angle 28 is expressed
asl?

(k) = x,f7(k)S;i(k) + X,£3(k)Sp(k) + 2(x;%,) " F,(K)(K)S (k). (1

The partial structure factors are related to the partial radial distribution
functions by

Sy(k) = & + %(pipj)vz [gi() — 1] Sin kr dr. @)
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Here p; is the average number density of ith species (i = 1, 2), k = 4xsin
6/ A, A — the wavelength of radiation, fi(k) ~the atomic coherent scattering
amplitudes, x; = p;/(p; + p;), &; — the Kronecker symbol. One often
introduces in practice the so-called total interference function defined as
(see, for example, Wagner and Halder?)

I(k) — x;x,(f, - £,)?
H? '

This function is, by analogy with (1), the linear combination of the partial
interference functions I;(k):

Ik) = 3)

Ik) = W I (k) + Waylnk) + 2W,,1,(k), 4
where
Wy = D -Xxxff;, (i = 1,2) (5)
M = x,f; + x,f) (©6)
and
0 =1+ ¥ + ) f [g5(6) — 1]r sin kr dr. )

It is easy to see from (2) and (7) that the partial functions I;; and S;; are con-
nected by the relations

(k) = 1+ L[S, - 1] = 1.2 ®)

Lak) = 1 + (x1x2)~28,(k). &)

From these formulae it follows that in order to determine three partial
functions one needs, in principle, three independent diffraction patterns
for each solution. Ome of them may be obtained, for example, from the
scattering of X-rays, and two others, as was suggested by Keating, from
neutron diffraction experiments with different isotopes. This method is, in
principle, quite rigorous, but requires much labour. There have been only
two attempts to realize it for liquid alloys; CugSns® and Cu-TeS. Here three
neutron diffraction experiments was used with isotope enrichment of Cu.
Already these studies reveal considerable difficulties of this procedure.
Because of small differences between the scattering amplitudes f; of the
isotopes, particularly, between %*Cu, ¢°Cu and natural Cu which were
used, the calculated I;j{k) showed large fluctuations.>¢ Besides, for many
systems it is difficult or impossible to find suitable isotopes for realizing the
Keating procedure.

All these difficulties stimulated search for less rigorous but simpler and
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more accessible methods for the determination of partial functions. With
that end in view Halder and Wagner’ proposed a method which is based on
the assumption that the partial interference functions I;;(k) are independent
of concentration over a wide range of alloy compositions. This method does
not require several kinds of radiation and the isotopic substitution experi-
ments. It is enough, in principle, to measure the scattering intensity from
three alloys of different concentrations and then to solve the set of three
Equations (4) to determine the three functions Ij(k). The concentration
independent partial interference functions obtained in such a manner will
be denoted by Iij, to distinguish them from the true partial functions I;;. It
is possible now to calculate the total interference functions of alloy at other
concentrations on the basis of Iij (k). Good agreement between such a
reconstruction and the experimental curves is considered as the justification
of the initial assumption about the concentration independence of I;(k).

The method described above was used by several authors to evaluate the
partial functions for various alloys: Ag-Sn,” Au-Sn,® Cu-Sn,® Cu-Mg,!°
Cu-Ag,!! Mg-Ag,'2 Mg-Sn,!? Cu-Sb, " Na, K, and Al-Mg,'5!6 Hg-In and
Hg-TL}7 In all cases the concentration independent partial functions IlJ
thereby obtained allowed the reconstruction of the total interference
functions of the alloys over practically the whole range of compositions. So
impressive a success of the quite arbitrary, on the face of it, procedure is
a nontrivial fact. It may seem that, indeed, an effective method for the
determination of the partial functions I;; has been discovered. However, the
only criterion that these functions are correct is essentially the good results
of the reconstruction of the experimentally measured I(k). This criterion,
as was mentioned by the authors of the original proposal,’ is a necessary
but not sufficient condition for the correctness of the initial assumption.
But subsequent articles both by these and other authors demonstrated only
the existence of the concentration independent partial functions iu, but
did not answer the question whether the I;’s thereby obtained actually re-
present the true partial interference functions I; of the alloys.

In order to answer this question we reproduce in the present work the
procedure of obtaining the concentration independent partial interference
functions for a model system: a binary mixture of hard spheres of different
diameters. The use of the model system allows us to elucidate the physical
significance of the method discussed above since for this model, in contrast
with real alloys, there exists an analytical solution for the partial functions
S;; on the basis of the Percus-Yevick equation. 12 The results of our calcula-
tions show that the concentration independent functions S and I;; bear
no resemblance to the true partial functions Sy and Ij; (this is clear even
from the fact that the latter are quite significantly dependent on the com-
position of a mixture). Nevertheless, the total interference functions (or
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the scattered intensities) which were reconstructed on the basis of the
functions Lj and §;; are found to be very close to the true ones in the wide
region of compositions. It follows from this that the possibility of reconstruc-
tion of the experimental functions I(k) does not provide a useful criterion
of the correctness of the Halder-~Wagner procedure. Therefore one cannot
ascribe any direct physical significance to the functions (k) which were
obtained in the various works cited above.

2 RESULTS OF THE CALCULATIONS

Since all the authors used the experimental data on X-ray scattering to
obtain the concentration independent partial interference functions L](k)
we shall also simulate this case. The partial structure factors S;(k) were
calculated with the help of the formulae of the article! (after correction of
numerous misprints). For the calculation of intensities and interference
functions one must choose the atomic scattering amplitudes of the com-
ponents. This point is not of great importance for our problem. Therefore,
more or less arbitrarily, we choose the atomic scattering factors of the
atoms Cu and In as f, and f,, respectively.!® The structure factors of these
liquid metals are well described by the hard sphere model with a packing
density n = 0.45.11:1920 Then it is possible to obtain diameters of the spheres
o from the formula 5 = (#/6) po? ( p is the number density), viz. o = o, =
22A,0y) =0y = 2.86 Aand a = 0}/0, = 0.77. The main calculations were
made with the above parameters of the system of hard spheres. The partial
and total interference functions were calculated for the values of x, (the
fraction of large spheres) 0; 0.15; 0.25; 0.35; 0.50; 0.65; 0.75; and 1.0. The
three concentration independent functions I;;(k), I,(k) and I,,(k) were
obtained by solving the three Equations (4) on the basis of the calculated
curves I(k) for x; = 0.15; 0.35; 0.65.

From Figure 1 it is seen that the true partial interference functions

I;(i) depend considerably on concentration. This concerns particularly
I,,(k) the first peak of which moves from 3.1 A-1at X, =0t0 2.7 A-
at x, = 0.75, the height of the peak being diminished by a factor of 1.56.
Figure 2 shows that the functions I (k) and I;y(k) (x, = 0.25) are very dif-
ferent: although the first peak positions are displaced only by 0.1 A-lthe
values of the functions at the maximum differ by a factor of 1.5. The firs
peak of 1,,(k) is considerably narrower and is displaced by 0.2 A-'relative
to the first peak of Iyy(k). Furthermore, the functions I,;(k) and i,;(k) have
additional oscillations on the left and right side, respectively, of the mair
peak which are absent in the curves of the true I, (k) and I,,(k). In the smal
k region the functions I;;(k) and 1,,(k) coincide practically with the inter-
ference functions of the corresponding pure components, but differ con
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siderably from the partial functions in solutions which strongly deviate from
zero in this region (Figures 1 and 2).

It is interesting to note that the concentration independent I;;(k) and
f,,(k) resemble in general the interference functions of the pure com-
ponents rather than the true Ij(k) in the alloys (Figure 2). Such a resem-
blance was observed practically in all the works where the functions I;(k)
were obtained from the experimental data. It was even shown by Waseda
and coworkers!3-17 that for some alloys (Hg-Tl, Hg~In, K-Na, Mg-Al)
it is quite possible to accept the interference functions of the pure com-
ponents as I;;(k) and I5)(k) and to obtain Ij,(k) in each alloy from the
only one Equation (4). The I;,(k) thereby obtained did not differ practically
from that which was found by solving the three Equations (4) for three
alloys. To all appearances, the close resemblance of (k) and I,,(k) with
I(k)’s of the pure components is a general property of the procedure which
assumes the partial functions to be independent of concentration.

Thus, the concentration independent partial functions iij(k) are very
different from the true function§ Ljj(k) for the model system of hard spheres.
Nevertheless, these functions Ij(k) allow one to reconstruct with good
accuracy the true total I(k), at concentrations differing from those which
were used for the calculations of Iij(k). Figure 3 demonstrates this fact.
The maximum differences are observed in the region of the main peak:
2.1% atk = 2.8 A~!(x, =0.25);3% atk =2.8 A~!(x, =0.5);3.4% atk =2.5
Al (x, = 0.75). At larger k the true curve differs from the reconstruction
not more than by one per cent. Therefore, the calculation of the model
system reproduces the main result of the works®*-17 in which the total inter-
ference functions reconstructed on the basis of I;(k) did not differ from
the experimental ones within the errors of the experiment (some per cents)t.
Since the functions fij(k) are not the true partial functions in the model
system, the same statement is valid with great probability concerning the
concentration independent functions i,-j(k) which were obtained for the real
alloys.™” '

Moreover, the procedure of obtaining the functions Lj(k) has in itself
essential defect. Since it is necessary to achieve only approximate re-
construction of the total I(k)’s one can find a wide variety of the functions
I;; which ensure an acceptable result within an accuracy of 3-5 per cents
determined by the errors of diffraction experiment. In other words, there
is a basic uncertainty in the choice of the functions I;i(k). In order to prove
this statement we calculated the functions Ij(k) from the various set of

t1t will be noted that the reconstruction is not able to give good results if x, — 0 or
x; — 1. The true total functions K(k) approach under these conditions the interference
functions of pure components, I;, while the reconstructed functions I(k) approach Iij(k),
I; and 1; being considerably different (Figure 2).
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FIGURE | True partial interference functions Ijj(k) for the binary mixture of hard

spheres. & = 0.77; 7 = 0.45; 0y = 286 A1 — x, = 0; 2 — x, = 0.25;3 —x, = 0.50;4 — x, =
0.75;5 — x5 = 1.0



09: 00 28 January 2011

Downl oaded At:

3 .~y 4
K[A']
FIGURE 2 Comparison of I; with I;; and L.
—— The concentration independent partial interference functions Iij.
---- The true partial functions Ij; (x, = 0.25).
-.-.- The interference functions of pure components I;.
a =077, 0, = 286 A.
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5
K [4"]

FIGURE 3 Reconstruction of the total interference functions I(k) as a weighted sum of
the concentration independent functions I; ij(k). The true functions I(k) are displayed by the
solid lines and reconstruction - by the pomts I,J are calculated by means of Equation (4)
from I(k) at concentrations x, = 0.15; 0.35; 0.65.

three true curves I(k). For greater clarity of the results, we decrease in this
calculation the parameter a taking it equal to 0.5 which corresponds to the
diameter of large spheres o, = 4.4 A.

Figure 4 shows that the functions I;(k) depend essentially on concentra-
tions which were chosen for their calculation. Two variants of the functions
I,1(k) and I,5(k) dlstmgulsh the most strongly: their oscillations in the k
interval from 2 to 4 A~! are quite different. Of course, as in the calculations
with a = 0.77, two variants of the functions Iu(k) are very different from
the true partial functions I;(k). Nevertheless, these two sets of I,J(k) des-
cribe quite well the true interference functions I(k) at concentrations dif-
fering from those utilized in the calculation of iu(k). It is evident from
Figure 5 that only at x, = 0.15 is the reconstruction bad. At other con-
centrations, the error is several per cent. These results demonstrate an un-
expected feature of the procedure of obtaining ; (k): a good description (i.e.
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FIGURE 4 Comparison of the true and concentration independent partial functions.

a=05;y=450, =44 4.

-.- The true lu(k)

—— The concentration independent functions Iij(k) calculated from I(k) at x, = 0.15; 0.35;

0.65.
--- The same, but calculated from I(k) at x, = 0.25; 0.5; 0.75.
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501

0 1 2 5. lf 5 ¢
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FIGURE 5 Reconstruction of the total interference functions 1(k) on the basis of the co
centration independent functions Iij(k). The solid line represents the true functions I(k
the points give the reconstruction.
a=05;97=0450,=44 A. The curves 1, 3, 5 are reconstructed on the basis of the functio
Li(k) calculated from I(k) at x, = 0.25; 0.5; 0.75; the curves 2, 4, 6 — on the basis of I;(
obtained at x, = 0.15; 0.35; 0.65.

in the limits of the accuracy of diffraction experiment) of the intensity
scattering gives a rather wide class of the three concentration independe
functions 1, (k), 1,5(k), I;,(k), and not a unique set of these function, asw
implied originally when developing the procedure.
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FIGURE 6 Partial structure factors S;;(k) for a binary mixture of hard spheres.
a =077, 9= 045; o, = 2.86 &.

—— The concentration independent S(k).

--- The true S;;(k).

- -- The structure factors of pure components S;(k).
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Halder and Wagner’ supposed that the success of their procedure was
based on the weak dependence of the true partial interference functions
I;i(k) on composition of alloy, in contrast to the functions Sj(k) which, as
it is well known, vary considerably with concentration.'? However, this
point of view proved to be incorrect. By analogy with the method described
above it is possible to determine the concentration independent partial struc-
ture factors Sij (k) with the help of Equation (1). Figure 6shows suchfunctions
calculated at x; = 0.15;0.35;0.65. They differ from the true partial functions
even more than iij(k)T. Nevertheless, the functions Sij(k) thereby obtained
permit a good reconstruction of I(k) at other concentrations (x, = 0.25;0.5;
0.75). This result confirms once again that the success of any reconstruction
of the total interference functions I(k) on the basis of Iij(k) in the real
systems’"!" is hardly connected with the true concentration independence
of the partial interference functions.

3 CONCLUSIONS

The extensive experimental data’-!7 and our calculations for the model
system of hard spheres show that for every binary solution it is always pos-
sible to find (moreover, in a variety of ways) three concentration in-
dependent functions Ij(k) which allow one to reconstruct the total
interference functions over a wide region of compositions with good ac-
curacy. However this fact does not reveal any physical content in the
functions I;;(k) thus obtained, and reflects only mathematical properties of
the equation sets (1) and (4) which allow a considerable freedom for the
choice of iij(k) for a given accuracy of reconstruction. The calculations
performed here show that the functions Lj(k) differ considerably from the
true partial interference functions which are, in principle, concentration
dependent.

It is possible, of course, that specific systems or even a class of systems
may exist in which the partial functions would depend orly slightly on con-
centration in some interval of compositions. But the ability of the three
concentration independent functions iij(k) to describe the observed intensity
of scattering cannot be a criterion for such a situation. One needs here the
more constructive arguments. Since the procedure of obtaining the func-
tions I;;(k) was carried out for all investigated systems’!” in a purely formal
way, it is highly probable that the functions I;(k) obtained in these works
have no direct physical significance.

t1t is of interest that §,,(k) becomes practically equal to zero if k — 0 (Figure 6). Since

S1p0) = (<NINp> — <N;> <Ny>)/(<Ny> <Ny>)"2 (see, for example Ashcroft anc
Langreth' this fact means that the requirement of the concentration independence of S, (k'
automatically demands the fluctuations of the number of particles of different kind to be un-
correlated in solution.
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