
Press the Run button on the Results pane to calculate the equilibrium species distribution in 

the water. SpecE8 produces as output a dataset “SpecE8_output.txt”. Examine the output file. 
Do you expect any minerals to precipitate in this water? If so, which ones?

Exercise 1: Hypothetical freshwater
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Click on View Results on the Results pane to see calculation results in tabular form.

Exercise 1: Solution
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Exercise 1: Solution
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Minerals will not precipitation because all saturation states are negative (remember: Q is the ion activity product, when 

assuming activity = 1 for mineral phases; K is the solubility product. Hence, if log Q/K is negative, IAP < K)



Let’s re-examine exercise 1 from Homework 4: A wastewater contains 10-4 M 
phosphate. Fe(III) is added to the system to precipitate phosphate. Is FePO4(s) or 
Fe(OH)3(s) precipitated at pH=7?

Use SpecE8 to answer this question. The following information is useful:

▪ Assume an oxic system (O2(aq) at saturation: 9 mg/L)

▪ Assume an Fe(III) concentration of 10-4 M. 

▪ Assume typical wastewater concentrations of

• Ca2+= 6.6 meq/L

• Cl- = 3.5 meq/L

• SO4
2- = 2.6 meq/L

▪ Strengite is a FePO4 mineral.

Exercise 2: Iron precipitation
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Exercise 2: Solution
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Exercise 2: Solution
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Strengite has a higher saturation state and is therefore expected to form 
preferentially compared to Fe(OH)3



We just discussed the example on redox disequilibrium. In what speciation would 

As occur if it equilibrated with the solution at the specified potential of Eh = 0.4 V?

Use the input file Redox.sp8 and remove the As redox couple from the list of 

decoupled redox couples. Then, examine the output file. What is the redox state of 

As and why?

Exercise 3: Redox disequilibrium
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Exercise 3: Solution
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As occurs predominantly as H2AsO4
- and HAsO4

2-: 

The redox state of As is therefore +V (in As(OH)4
-, As 

has redox state +III). This makes sense because the 

system Eh is higher than the Eh of the As redox couple 

in the previous example. When equilibrating the solution 

to higher Eh, As(III) oxidizes to As(V).



Waterfall Dreimühlen (D): How fast does the waterfall “grow”, i.e., how 

much calcite is precipitating each year?

Environmental engineering challenge
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Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.



Dreimühlen waterfall
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Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.

Geology is dominated by limestone

Travertine is a dense, banded rock 

composed of calcite (CaCO3)

Relevant chemical reaction:

CaCO3(s) + H2O + CO2(g) ⇌ Ca2+(aq) 

+ 2HCO3
-(aq)

In the underground, high partial 

pressure of CO2 (>> 400 ppm) shifts 

the equilibrium position to the right

When water emerges from the 

underground, it is oversaturated with 

dissolved lime (lower partial pressure 

of CO2), causing calcite to precipitate



Dreimühlen waterfall
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Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.

Calcite precipitates as observed under a scanning electron microscope: 



How many kgs of calcite are precipitating each year?

On your field trip, you measured a flowrate of 60 L/s and the parameters in the table 
below. Use SpecE8 to calculate the amount of calcite precipitating.

Dreimühlen waterfall
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Schmidkonz, B, J Chem Educ, 2022, 99, 3323-3331.



Dreumühlen waterfall: Solution
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Dreimühlen waterfall: Solution
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0.2717 g/L calcite are precipitating

Using a flow rate of 60 L/s, we obtain 16.302 g/s

16.302 g/s * 60 s/min * 60 min/h * 24 h/d * 365 d/y = 514’100 kg/y
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