LRES 555

Problem Set 3
30 points


Due  April 3, 2007
1. Calculate the activity coefficient for Na+, Ca2+, and Al3+ in a soil solution which was characterized as having the following total soluble constituents (assume no complexes):

0.001 M NaTS, 0.04 M CaTS, 0.01 M MgTS, 0.0001 M AlTS, 0.003 M ClTS
0.002 M SO4 TS, 0.004 M NO3TS, and 0.001 M HCO3 TS
Using both the (i) Extended Debye-Huckel Equation and the (ii) Davies Equation.

2. Calculate the (Gorxn and Keq for the following reactions and state whether the products or reactants are stable [Standard State Free Energy Values ((Gof) are given here: Al(OH)3(gibbsite) = -1156.6 kJ mol-1; CaCO3(calcite)= -1130.4 kJ mol-1; CaHPO4 (2H2O (brushite)= -2162.7 kJ mol-1 ; H+= 0 kJ mol-1 ; Al3+= -490.91 kJ mol-1 ; H2O= -237.18 kJ mol-1 ; Ca2+= -554.46 kJ mol-1 ; CO32- = -527.94 kJ mol-1 ; H2PO4-  = -1137.42 kJ mol-1].
a.
Al(OH)3(gibbsite) + 3H+ = Al3+ + 3H2O

b.
CaCO3(calcite) = Ca2+ + CO32-
c.  
CaHPO4 (2H2O (brushite) + H+ = Ca2+ + H2PO4- + 2H2O

3. Demonstrate the reduction in Cu2+, Cd2+, and Zn2+ activities in a mine soil which has an initial pH of 4 and a pH of 8 after liming using the solubility expressions for the given solid phases (e.g. we are assuming that these solid phases are controlling Me2+ activity). To do this, solve the relationships of log (Me2+) vs pH and determine log (Me2+) values at pH 4 and 8. Where necessary, assume a  pCO2 of 0.003 atm. 

Reactions Given: 








log K

PbCO3 (cerussite) + 2H+ = Pb2+ + CO2(g)  +  2H2O 


4.65

Cu(OH)2 (soil phase) + 2H+ = Cu2+ + 2H2O




2.8


CdCO3 (octavite) + 2H+ = Cd2+ + CO2(g)  +  2H2O 


6.2

Zn(OH)2 (soil phase) + 2H+ = Zn2+ + 2H2O




5.8
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4. Aluminum concentrations in natural waters are often controlled by equilibrium with solid phase Al(OH)3(gibbsite). At what pH value does Al become toxic to plants if (Al 3+) is toxic at 1 mM? How does your answer change if Al3+ activity is now controlled by kaolinite and H4SiO4o is controlled by amorphous SiO2?

Reactions Given:








log K


a. Al(OH)3(gibbsite) + 3H+ = Al3+ + 3H2O


8.04

b. Al2Si2O5(OH)4+ 6H+ = 2Al3+ + 2H4SiO4o(aq) + H2O
5.45

c. SiO2(amorphous) + 2H2O = H4SiO4o(aq)


-3.0
5. Chromium exists in the environment primarily as Cr(III) or Cr(VI). Cr(III) is by far less toxic to humans than Cr(VI), and precipitation of Cr(III) as a hydroxide phase is known to be an important pathway for the removal of Cr from natural waters. The solubility of Cr(III) in soils is often controlled by an amorphous like Cr(OH)3(s). Consult example 7.4 in Stumm and Morgan (pages 365-366) and (1). Derive the expressions necessary to plot the activity of each Cr(III) species in equilibrium with Cr(OH)3 (s). Use the log K values at I=0. (2). How is Cr(III)TS in equilibrium with this solid determined? (3) What species play the most important role in total soluble Cr(III) at various pH values? 

