Chemistry 6, Environmental  Chemistry

Spring, 2006
Problem Set XV
1) The pH of a carbonated soft drink is 3.4.  Calculate the partial pressure of carbon dioxide inside the sealed can.  A typical soft drink is essentially an aqueous solution of sucrose and carbon dioxide.  Also calculate the concentration of all inorganic species.  Assume a temperature of 25(C.

2) Problem 1 in chapter 10 of VLD.  For part (b), you require the total concentration of all sulfur species.  This number is not provided; assume 0.1 M.  Also assume a temperature of 25(C.

3) This problem deals with the application of the pE/pH diagram for iron.  A temperature of 25(C applies to all parts of the problem.
a) If we assume that the dominant constituents of the atmosphere are in equilibrium with the hydrosphere, we can use the half reaction for the reduction of water

 O2(g) +  4 H+(aq)  +  4 e-1  (  2 H2O(l) 

to establish the pE.   Following this lead, establish a relation between pE, pH, and log10(pO2).  Use what you know about the composition of the atmosphere and convert this result to a relation between pE and pH.
b)  What is the value of pH if the aqueous medium is ocean water?  Where would this system lie in the pE/pH phase diagram for iron?  What are the predominant iron species.
c) Repeat part (b) for the case of rain water that has collected in the bottom of a limestone quarry.

d) The water draining from an abandoned coal mine has a pH of 3.0.  What is the pE in this case?  Describe now the predominant iron species and calculate the value of the ratio [Fe+2]/[Fe+3].
e) What conditions apply when the dominant iron species is the mineral siderite (FeCO3)?  Suggest an actual natural habitat that would exhibit these conditions.  Estimate the partial pressure of oxygen or a range of partial pressures in this case.

f) Sodium hydroxide is very soluble in water and it is possible to prepare very concentrated solutions.  Saturated aqueous sodium hydroxide is 19 M!  Calculate the pE of 10 M sodium hydroxide.  Discuss the consequences for iron plumbing if large quantities of solution were poured down the drain.
4) In class, we considered the pH in natural waters that are in equilibrium at 25(C with the atmosphere and limestone (CaCO3).  In some areas of the world such as the Dolomiti in northern Italy, the dominant sedimentary rock is composed of the mineral dolomite, CaMg(CO3)2.

a) Using the thermodynamic data provided below, calculate the solubility product at 25(C of dolomite, i.e. the equilibrium constant for the reaction:

    CaMg(CO3)2(s)  (  Ca+2(aq)  +  Mg+2(aq)  +  2 CO3-2(aq)
b) Calculate an equilibrium constant at 25(C for the following dominant reaction in natural waters that involves dolomite:

    CaMg(CO3)2(s)  +  2 H2CO3*(aq)  (  Ca+2(aq)  +  Mg+2(aq)  +  4 HCO3-(aq)

c) Calculate at equilibrium and 25(C the pH and the concentration of Ca+2, Mg+2, HCO3-, and CO3-2.  What is the solubility of dolomite?

d) Recalculate the solubility of dolomite in rain water with a pH of 7.

Thermodynamic Data at 25.00(C for Problem 4

species                   CaMg(CO3)2(s)      Ca+2(aq)    Mg+2(aq)   CO3-2(aq)

(Gf((kJ/mole)        -2163.4                   -553.58     -454.8       -527.81

(Hf((kJ/mole)        -2326.3                   -542.83     -466.85     -677.14       

S((J/K-mole)             155.18                   -53.1        -138.1         -56.9

5) VLD, Chapter 11, Problem 11
The alkalinity in this problem is given as 1.21 mM as calcium carbonate.  This common although peculiar mode translates to an alkalinity as defined in the text of 2(1.21 mM) or 2.42 mM.
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