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1-. The work performed in creating surfaces can be added to the work flows in the First 

Law of Thermodynamics. If cr is defined as the surface energy per unit area, the 

work performed when creating new surface is crdA, where A is the surface area of 

the system. Separatium (Sp) has a surface energy (solid-gas) which over the 

temperature range of interest increases with temperature as B + C ln(T) with C and 

B positive constants. A single crystal of Sp is reversibly pulled apart as show in the · 

figure below. The crystal is insulated so that there is no heat flow to the environment. 

. ) 

(a) Calculate the change in entropy of the system (per unit new surface area) as the 

crystal is isothermally and reversibly pulled apart. Answer can be in terms of 

constants B, C, and Temperature. (8%) 

(b) What happens to the temperature of the system if the crystal is pulled apart 

adiabatically (but reversibly). Assume that there is no plastic deformation in the 

system while it is being pulled apart. (7%) 

- --

Before After 

2. Some researchers have considered to use phase transitions in a material as a way of 

rapidly absorbing mechanical energy (work). The idea is ¢.at under high enqugh · 
1
press~e a substantial amount of work is done on a system when it .-transforms to a 

phase with smaller volume. Some recent results on Absorbium, a previously· · 

unknown element, indicate that it might be desirable for such applications. At 

atmospheric pressure Absorbium undergoes an allotropic reversible phase transition 

from_the a to the~ form at To= 350K. (The low temperature phase is a.) •. The ~ form 

has a lower molar volume. Clearly state any assumptions you make.· 
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( a) Argue that for temperatures below To = 350K the a. phase can be transformed to 

~ by the application of pressure. How do you know? (7%) 

. (b) Find the amount of work absorbed by the a to ~- transition when it is induced by 

pressure at T = 300K. (8%) 

(c) In some cases (e.g. when the transition is completed very quickly) it is more 

realistic to think of the transition as _occurring adiabatically (isentropically). _ 

What is the work absorbed· from the environment when the transition is induced 
. -

by pressure at 300 K, but occurs adiabatically. Assume that only reversible 

process~s take place in the material ( e.g. no plastic deformation or defect 

creation). Both phases may be considered incompressible (though there is a 

volume change when the system transforms from a to ~- (8%) 

Assume that only reversible processes take place in the material (e.g. no plastic 

deformation or defect creation). Both phases may be considered incompressible 

(though there is a volume change when the system transforms from a. to ~-

DATA: for the transition from a. to~ at 350K: Ml= 1 kJ/mol; /iV = 1 cc/mol 

Clearly state any assumptions you make 
. . 

3. Below is given a description (in some case with figure) of the macroscopic state of 
an A-B alloy that mixes on square lattice. In each case you are asked for_ 

(1) the total configurational entropy is as function of2N, the number oflattice sites_ 

(2) the entropy per lattice site in the thermodynamic limit (i.e. as 2N goes to infinity). 

Note that there are 2N lattice sites. So in the perfectly ordered alloy the number of 
A is N and the number of B atoms is N. 

( a) -A perfectly ordered system with composition AB, as shown below. (8%) 

. \ 

Stot = _____ _ S101 /2N = _______ _ 

· (b) Same· system as in (a) but with 1% of the A atoms replaced by B atoms. (8%) 
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4. For a binary A-B alloy, the free energy of mixing for the regular solution model is 

( expressed per mole): 

where-

and Z = the coordination number of each atom in the crystal. 

Assume ro=630 J/mole and Z = 8. 

(a) Calculate expression for the 

(i) enthalpy of mixing, (4%) 

(ii) entropy of mixing, ( 4 % ) 

(iii) the chemical potentials of A and B, (10%) 

(iv) the activities of A and B. (10%) 

(b) P.lot 6.Gmix at different temperatures at 200K, 250K, 300K and 350K. (10%) 

(c) Use the answer in (b) to sketch a phase diagram for this A-B alloy in this 

temperature range .(200K to 400K). (8%). 
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