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SEE DATA SHEET AT END OF EXAM   - NO CALCULATORS – CLOSED BOOK AND NOTES

If a problem seems to be in error, state the trouble, state an assumed correction, and proceed.

1.
Show on the attached Ellingham Diagram 

a) The pressure of O2 in equilibrium with Ti and TiO2 at 1000°C.

b) The H2/H2O ratio in equilibrium with Ti and TiO2 at 1000°C.
c) The estimated value for the heat of fusion for two moles of Mn.
2.
Pure, liquid Cu2O at 1423 K is to undergo electrolysis to form O​2 gas at a pressure of 0.21 ATM and pure liquid Cu.  What cell potential is needed? 

3.
Calculate Gibbs energy change when one mole of pure, liquid Cu reacts with O2 at 1 atm to form pure, solid Cu2O at 1423 K.
4.
Repeat Problem #3 with the following modifications: Cu is in solution with Ag at a mole fraction of copper of 0.2; the O2 is at 10-4 atm; the Cu2O is liquid dissolved in molten borax glass that is saturated with solid Cu2O.  (10)

5.
Use the data given below for the liquid Cu-Sb system at 1190 K to determine the enthalpy change when (assume all components start in the liquid state at 1190 K)

a) 
1 mole of Sb and 4 moles of Cu are mixed at 1190 K 

b) 10 moles of Cu are dissolved in a large quantity of Cu-Sb alloy having a mole fraction of Cu of 0.3.

6.
Short answer:


a) What condition must exist if one is to compute activities from the phase diagram using the formula?


 ?

b) What is the difference between G and Gº?

c) How does one get one partial molar quantity from another?

d) What is the Relative partial molar heat of mixing for an Ideal solution?

7. Write the Big 6 equations
8.
The equilibrium constant for the following reaction is 4.1.  Initially there are 5 moles of SO2, 3 moles of O2, and 1 mole of SO3. Setup the calculation to determine the equilibrium number of moles of each gas. The total pressure is 2 atm.  All the species are gaseous.

                                   2SO2 + O2 = 2SO3 

DATA:


Data for the Liquid Cu-Sb System at 1190 K

Xcu
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9



 (cal/mole)
-983
-1474
-2399
-2458
-2487
-2017
-1586
-978
98


2 Cu(l) + 0.5 O2(g)  =  Cu2O(s)     
∆G°= -195,000 -7.12TlnT +143T Joules/gmole


Cu2O(s) = Cu2O(l) 

∆G°= 13,580 – 9.0 T Joules/gmole 


Activity data for liquid


F = 96,525 J/(volt*equiv/gfw)

Ag-Cu Alloys at 1423 K



XCu 
aCu 



0.0
0.000



0.1
0.260



0.2
0.422



0.3
0.535



0.4
0.616



0.5
0.679



0.6
0.731



0.7
0.782



0.8
0.841



0.9
0.912



1.0
1.000
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