QUASI-CHEMICAL CALCULATION OF THE EQUILIBRIUM  DEGREE OF ORDER VERSUS TEMPERATURE:

Attention to the general composition for the bcc-based structure shown in fig. 1. Even for this simple case the problem has been treated only approximately. for obtaining the Q-C expression for the free energy of  solid solution as a function of composition, long-range order [image: image2.png]


, short-range order [image: image4.png]


, and temperature T. Then, by minimizing the free energy with respect to both [image: image6.png]Sando



, we shall find two equations the simultaneous solution of which will give the equilibrium values of [image: image8.png]Sando



 at fixed composition and temperature. Solution at different temperatures then will allow the establishment of the equilibrium degree of order—temperature curves, as predicted by the Q-C model.
As in Eq. the free energy of the solution is:
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  we again make the assumptions of regular solution and 

ordinary pressures, so that for condensed phases_
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In terms of the numbers of nearest-neighbor pairs then:
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where the superscript M refers to the mechanical mixture of the pure components and the terms without superscript refer to the solution. 
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Since in the completely ordered solution every A atom is completely surrounded by B atoms ([image: image19.png]


)     [image: image21.png]ZNX,
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Thus  n=ZN[image: image25.png]X (0X, + X5)
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The excess enthalpy represents the difference in internal energy between the solution and the mechanical  mixture of the pure components depends only on the degree of short range order and not on the long range order .this is to be expected in the Q-C view ,since in this view the internal energy is made up only of nearest neighbor interaction and [image: image29.png]


  express the number of various types of nearest-neighbor pairs.

    On the other hand the entropy of mixing or the configuration entropy does depend on [image: image31.png]§ as well as on a.



this entropy is given by Boltzmann equation as :-
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where W is the number of different ways the atoms may be arranged to give a specific macroscopic state of the system. It is possible to vary [image: image35.png]o and &



 independently. it is possible to distinguish between arrangements having a given [image: image37.png]


 and different values of [image: image39.png]


 and also between arrangements having a given [image: image41.png]


and different values of [image: image43.png]


. Thus, both must be specified in calculating W for a given state. This calculation has been carried out only approximately, typically by assuming that W is proportional to the number of ways the nearest-neighbor pairs can be divided among the four sets AA,BB,AB,BA to give specified [image: image45.png]o and &



.
The appropriate expression for In Win terms of [image: image47.png]o and &



 then found :
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The final Q-C expression for the free energy of the solution is:
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To find the equilibrium values of [image: image57.png]o and &



  as a function of T for a given composition, GS is minimized with respect to both [image: image59.png]o and &



 by setting:
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And  
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The resulting equations are:
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From the condition that [image: image67.png]§=0atT=T,and§ #0atT <T,
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can be found. This is 
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Substitution of  (11) into  (9) gives:
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The Bragg-Williams approximation:-
The treatment of the degree of order versus temperature Bragg and 

Williaims assumed that the A and B atoms separated onto their appropriate 
sublattices but were arranged at random within the sublattices. It may be found   [image: image79.png]g =052
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this is the relationship which Bragg and William simplicity assumed for [image: image81.png]o and &



 thus minimization of G with respect to [image: image83.png]


gives the  B-W [image: image85.png]
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again using the condition [image: image89.png]6§ =0atT =T_.itis found that



:
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So that combining (14)and (15)gives:
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This is the B-W prediction of [image: image96.png]


 versus the reduced temperature T/Tc.
From Eq.(11)&(15)conclude:
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More significantly; the B-W treatment does not account at all for the existence of short-range order above Tc,; this failing, of course, follows directly from the fact that the B-W treatment was based not on nearest-neighbor pair (short-range) interactions but rather on some unspecified long-range atomic forces.
