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MET 320
Final Exam
Dec. 11, 2011
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.
a)
What is the internal energy change of an ideal monatomic gas if, while being compressed, it requires the input of  2000 J of work while losing 800 J of heat?
b) How much heat must be added (or removed) to an ideal gas at 300 K undergoing a reversible isothermal compression from 1 atm to 20 atm?  Is it added or removed?

c) Determine the final temperature for an ideal diatomic gas at 300 K initially undergoing adiabatic compression from 1 atm to 10 atm?
2.
What is the melting point of ice under a polar glacier 1.2 miles thick?


Geothermal pressure gradient of ice: 
145 
atm/mile 


Vice :

20 
cm3/gmole 


Vwater :

18 
cm3/gmole 


H​fusion, ice

6,000 
Joules/gmole
3.
a)
Write the first 4 of Big 6 equations (exclude aqueous state) and describe the standard state for each.

 b)
What is the definition of the activity coefficient i for a solid or liquid component in an alloy, magma, or slag?


c)
Write the two missing fundamental Equations



dU = TdS - PdV



dG = VdP – SdT?


d)
What Maxwell Relation derives from dG = VdP – SdT?

4.
A vessel maintained at a constant pressure of 8 atm is filled with 20 moles of H2 and 15 moles N2.  These gases react to form NH3.  Find the equilibrium moles of NH3.

N2+ 3H2 = 2NH3    K=0.6
5.
a)
What is Gat 1000 K for the below reaction. The activity of Na relative to pure, liquid Na is 0.8, the pressure of titanium tetrachloride is 3 atm, the sodium chloride is pure liquid, and the Ti is pure, solid alpha.


4Na (L) + TiCl4 (G) = 4NaCl (L) + Ti (S, Alpha)  
G°1000 K = -136.0 Kcal/gfw
b) What cell potential would be required to reduce MgCl2 (L) at 1100 K?



MgCl2 (L) = Mg (L) + Cl2 (G)  (see data sheet)
6.
Liquid Pb boils (i.e. its vapor pressure is 1 atm) at 2023 K.  It is sometimes said that Pb would “boil” on the surface of the planet Mercury.  If the maximum surface temperature of Mercury is 1100 K, what would be the vapor pressure of Pb on the planet Mercury?  The heat of vaporization of Pb may be assumed constant and equal to 186,000 J/gmole.

7.
Ellingham Diagram Questions: (Show and label your work on the attached Ellingham Diagram.)
a) What is the CO/CO2 ratio in equilibrium with Si and SiO2 at 1400 °C?

b) What is the equilibrium partial pressure of O2 for the reaction below at 1400 °C?

Ti(s) + O2(g) =  TiO2(s)
c) What direction will the following reaction proceed at 1400 °C? (Right, Left, Equilibrium) Circle one.

2MgO(s) + 2 Ni(s) = 2Mg(l) + 2NiO(s) 
8. Solution Thermo:

a) What equation relates one partial molar quantity with the other?

b) How does one obtain the partial molar quantity from the corresponding integral molar quantity?

c) How does one obtain the integral molar quantity from the partial molar quantities?

9.
How many degrees of freedom are there in a system consisting of three condensed phases: one is primarily Fe(l), one is primarily FeO (s), and one is primarily C(s).  There are two gas species: CO2(g) and CO(g)?   CO, CO2, and C react as does FeO with C to make CO and Fe.

10.
For the bulk composition shown on the attached FeO -SiO​2 - Al2O3 (FSA) ternary phase diagram cooled from the melted state.

a) What is the first crystal to form?_______________ at what temperature? _______________

b) What is the second crystal to form?____________ at what temperature? _______________

c) What is the third crystal to form?_____________ _ at what temperature? _______________

d) What are the final three crystals?________________________________________________
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