ANSWER SHEET

ESS 312 Week 8: Aqueous Solutions and Activity Diagrams

Work on this in lab May 18 & 20, due Wednesday May 27

Use the table below for questions 1, 2, and 4. 

	Species
	Formula Wt (g/mol)
	ppm (mg/kg)
	Molality (mol/kg)
	Charge (z)
	zi2 * mi
	 (i)
	activty (i)

	
	
	
	
	
	
	
	

	Na+
	22.99
	6.3
	 
	 
	 
	 
	 

	K+
	39.1
	2.3
	 
	 
	 
	 
	 

	Mg2+
	24.31
	4.1
	 
	 
	 
	 
	 

	Ca2+
	40.08
	15
	 
	 
	 
	 
	 

	Fe2+
	55.85
	0.67
	 
	 
	 
	 
	 

	Al3+
	26.98
	0.01
	 
	 
	 
	 
	 

	SiO2
	60.09
	0.13
	 
	 
	 
	 
	 

	Cl–
	35.45
	7.8
	 
	 
	 
	 
	 

	NO3–
	62.01
	1
	 
	 
	 
	 
	 

	HCO3–
	61.02
	58.4
	 
	 
	 
	 
	 

	SO42-
	96.07
	11.2
	 
	 
	 
	 
	 

	C (organic)
	12.01
	9.6
	 
	 
	 
	 
	 

	
	
	
	
	zi2mi
	
	
	


(1) Calculate the molality of each constituent above, and place results in the appropriate column.

(2) Why does aCaCO3 not appear in Equation (1)?

(3) Determine the charge (z) of each constituent, then calculate (zi2*mi). Place results in the appropriate columns. Use these values to calculate the ionic strength (I) of the river water. 

I = 1/2 *  (zi2 * mi) = 

What approximations must you make to do this calculation? List at least 2. 

(4) Using Equation (2) and your results above, calculate the activity coefficient (i) and activity of each constituent. Place results in the appropriate column. 

(5) Using these results, calculate the free energy change for the calcite dissolution reaction using Equation (1). Assume a pH of 5.5. 

What is the saturation state of calcite with respect to this river water? 

(6) Would you expect to find secondary silica precipitating from water percolating through a soil profile that contains gibbsite + kaolinite?  Explain.

(7) Plot the composition of the river water you worked with earlier in this lab exercise on the attached log10(aK+/aH+) vs log10 aSiO2 diagram. Assume a pH of 5.5. 

(8) Let us assume that K-feldspar (KAlSi3O8) reacts initially with river water to form gibbsite. Write a balanced equation for this reaction (aluminum is conserved to the solid phases).

(9) The balanced reaction from (8) above tells you that K+, H+ and SiO2 (aq) are consumed or released as K-feldspar dissolves.  From the stoichiometry of the reaction, sketch qualitatively the path the solution will follow across the log10(aK+/aH+) vs log10 aSiO2 diagram as K-feldspar reacts to form gibbsite. Hints: (i) Assume the pH of the solution is buffered, i.e. activity of H+ is fixed at 10-5.5 by some other reaction.  (ii) The initial slope is close to horizontal - indicate by your sketched line whether K+ and silica activity are both increasing, both decreasing or if one is increasing and the other decreasing.  
(10) Write a balanced chemical reaction that conserves aluminum to the solid phases and describes the reaction of K-feldspar with solution to form kaolinite. Remember that gibbsite may be involved in this reaction as a product or as a reactant. 

(11) At this point, what path does the solution take as feldspar continues to react with solution?  Hint: Pay attention to the products of the reaction you wrote in answer to (10). Explain in words.

(12) Assuming gibbsite in the previous reaction is a reactant, what happens when the amount of gibbsite produced during the initial dissolution of K-feldspar in this solution is exhausted? Explain in words.

(13) Assume that the reaction of K-feldspar with solution continues until the solution eventually comes to equilibrium with K-feldspar.  Trace the reaction path of the solution across the activity diagram and write balanced chemical reactions for each leg of the path. Hint: You should end up with 4 reactions. Note and discuss any assumptions you must make in determining this path.
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