MES 601 Fundamentals of Materials Engineering
Test 3 – due Friday December 12, 2008
Thermodynamics of Solution Processes
1.
Determine the lines for the Eh-pH diagram at 298 K for Al-H2O from the following data:
<Al> Go = 0; <Al(OH)3> Go = -271.9 kcal/mol; {Al3+} Go = -115 kcal/mole; 

{H2O} Go = -56.69 kcal/mole;
This includes correctly balancing the equations between the constituents and finding the equation of the Eh-pH line for that equation.  There are three equations between the three constituents.
Also answer the following questions,

a) is aluminum stable in water from the data given?

b) what is the predominant species at Eh=-0.15 volts, pH=2.5.
2.  
Copper ions were placed into a basic cyanide solution such that the total copper in solution is 0.001 Molar.  Determine the predominance of complex species as a function of the concentration of cyanide using the following data:
log Kso=-19.49; log Ks1=-13.0; log Ks2=-4.23; log Ks3=0.36; log Ks4=2.06; 
3.
Using the copper Eh-pH diagram and the Ni-H2O Eh-pH diagram given below, and assuming that initially nickel and copper metal are present along with 10-3 M concentration of their 2+ cations, what will be the system state if the solution is held at:

a.
E=-0.25 and pH=11

b.
E=0.0 and pH=2.5

c.
E=1.0 and pH=10.

4.
Calcium oxalate monohydrate in your system can sometimes lead to a very painful development of kidney stones.  The chemical formula for and solubility product of calcium oxalate are CaC2O4.H2O Ksp=2.32×10-9, respectively.  Determine the concentration of calcium and oxalate ions in pure water and in blood held at pH=7.4 and at a typical blood plasma ionic strength of 0.7 wt% NaCl.  If one desires to avoid kidney stones, which is better pure water or blood?
5.
Carbon monoxide is sometimes a problem in the air in certain houses.  Determine the concentration of CO in pure water, that is in equilibrium with the following gases:

· 0.1 ppm - natural background atmosphere level 
· 0.5 to 5 ppm - average background level in home

· 5 to 15 ppm - levels near properly adjusted gas stoves in homes
· 100-200 ppm - Mexico City central area from autos etc. 

· 5,000 ppm - chimney of a home wood fire

· 7,000 ppm - undiluted warm car exhaust

· 30,000 ppm - undiluted cigarette smoke
If one wishes to use a water trap to remove CO gas from house air, which is better pure water or water saturated with magnesium sulfate?  Why is your choice better?
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FIG. 5 Putiatial-pH sl disgeas for the system copper-ater, at 35°C. PR
[Considermg e 30l subatances O, €0 and CalOR), CuO 3 not considered]
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Fic. 1 Potcntal-pit equiibrium diagram lor th systen: icke

water, a 25°C




