
Partial structure factors of multicomponent alloys in the long-wavelength limit

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1977 J. Phys. A: Math. Gen. 10 L241

(http://iopscience.iop.org/0305-4470/10/12/006)

Download details:

IP Address: 129.252.86.83

The article was downloaded on 30/05/2010 at 13:48

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0305-4470/10/12
http://iopscience.iop.org/0305-4470
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys. A: Math. Gen., Vol. 10, No. 12, 1977. Printed in Great Britain. @ 1977 

LEITER TO THE EDITOR 

Partial structure factors of multicomponent alloys in the 
long-wavelength limit 

Shinn-Tyan Wut 
Department of Metallurgy and Materials Science, Cheng-Kung University, Tainan, 
Taiwan 700, Republic of China 
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Abstract. With the aid of a functional equation the long-wavelength limits of partial 
structure factors of multicomponent systems are expressed in terms of compressibility and 
dilatation factors. This generalises similar formulae for a binary system discovered by 
Bhatia and Thornton. 

In recent years substantial progress has been made in both theory and experiment in 
the study of the partial structure factors of binary alloys. In particular the formulae of 
Bhatia and Thornton (1970) which express the long-wavelength limits of partial 
structure factors in terms of thermodynamic quantities were applied successfully to 
Na-K alloys (Bhatia et al 1973). The formulae are useful not only for checking the 
consistency of experimental data but also for constructing proper models (Bhatia e? a1 
1973, Bhatia and March 1975). Therefore we feel it appropriate to extend the 
formulae in anticipation of future applications to multicomponent systems. 

The starting equation is (Bhatia and Ratti 1976) 

a(ln pi)/cja(PPj) = S i j / C i  + aij - 1 (1) 

where pi, ci and p i  stand respectively for density, mole fraction and chemical potential 
of a multicomponent system containing n species of molecules. aij is the long- 
wavelength limit of a partial structure factor as defined, for example, in Bhatia et a1 
(1973). From the chain rule of partial differentiation it follows that 

(2) 
pi, In P Z ,  . . . , In pn)- a b  pi, In ~ 2 , .  . . , In Pn) a b ,  CZ, . . . , cn) - 

 PI, P Z , .  - - F n )  d(p, CZ,. . - 9 cn) a(~l.1, P Z , .  * 9 CL.)' 

Using the definitions 

K T = ( T )  
T.cz. .... cn (3) 

it is easy to show that the matrix elements of the first Jacobian on the right-hand side 
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of (2) are given by 

and 

i#1. (7) -- a(ln pi) Sii + Si, _-  
acj ci 

In equations (3) and (4) p denotes the total density, KT is the isothermal compres- 
sibility and Si is a dilatation factor (Bhatia and Thornton 1970). The second Jacobian 
on the right-hand side of equation (2) is the inverse of 
a(p1, p 2 , .  . . , pn) /a (p ,  c2, c3,. . . , c,) whose matrix elements are easily obtained by 
partial differentiation using the standard thermodynamic relation: 

where g and s are respectively specific free energy and entropy, p is the pressure. The 
results are 

where gik stands for a2g/aciack. Inverting the matrix to obtain the second Jacobian of 
equation (2). multiplying the two Jacobians on the right-hand side of equation (2) 
together and then substituting the results into equation (1) we obtain 

S i j / ~ i  + aij - 1 = p k g  TKT + ( S  [AIS)  + ( S  JAl I)/Cj + ( i  IAlS)/Ci + ( i  IAl ])/cici (13) 
where bras and kets are vectors of (n - 1) components defined by 

ll)=-(2)-13)-*.. -In). 

12), 13), . . . , In) are unit vectors along the coordinate axes and the matrix A has an 
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inverse which satisfies 

(A-')i-l.j-l= Bgij. (15) 

Specialising the above three equations to a binary alloy one immediately recovers the 
equations of Bhatia and Thornton. Hence they are the generalisations that we search 
for. 
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