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We discussed what geochemical modeling is useful for.

We started exploring the Geochemist’s Workbench.

Today, we will continue working with the Geochemist’s Workbench.

Last lecture-recap
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▪ Consider the oxidation of H2S(aq) to 
sulfate (SO4

2-). To balance this 
reaction, we can use the Rxn App.

▪ To balance a reaction with Rxn, first 
set a species, mineral, etc., to appear 
on the left side of the reaction.

▪ Then, swap the basis to pull in the 
various species you want to appear in 
the reaction.

Reaction balancing with Rxn
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Rxn: Reaction balancing 
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Start Rxn and move to the Basis pane. Under “balance reaction for”, select “???”→ Aqueous… 
→ H2S(aq). Set “temperature” to 25 °C

Left side of 

reaction



Rxn: Reaction balancing 
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▪ Move to the Results pane and click Run. What chemical reaction does 
the program give? What is its log K?



Rxn: Reaction balancing: Solution 
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Now let’s balance the corresponding half-cell reaction. Click on the swap button next to the 
basis entry for “O2(aq)” and select Aqueous… → e−

Rxn: Reaction balancing 
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Rxn: Reaction balancing
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▪ Move to the Results pane and click Run. How has the reaction 
changed?



Rxn: Reaction balancing: Solution
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To recast the reaction to liberate dihydrogen, once again click on the swap button next to the 
basis entry for “O2(aq)” and select Aqueous… → “H2(aq)”

Rxn: Reaction balancing 
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Rxn: Reaction balancing
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▪ Move to the Results pane and click Run. How has the reaction 
changed?



Rxn: Reaction balancing: Solution
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Dissolved ionic iron exists in anoxic (i.e., in the absence of oxygen)

ground water as the reduced species Fe2+. When such waters are used 

from drinking water supplies and the water becomes exposed to the 

atmosphere, the Fe2+ is oxidized by O2 to FeIII (ferric iron), which is 

insoluble at neutral pH and precipitates as Fe(OH)3(s).

Write the balanced equation for the oxidation of Fe2+ to Fe(OH)3(s) by O2

with the help of Rxn.

What is the log K value for the reaction?

Exercise 1: Iron oxidation
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This is Exercise 2 

from the Redox I 

class



Exercise 1: Solution
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SpecE8 calculates the equilibrium 

distribution of aqueous species in a fluid, 

the fluid’s saturation state with respect to 

minerals, the sorption of aqueous 

species onto various types of surfaces, 

and the fugacity and partial pressure of 

gases dissolved in the fluid. 

SpecE8: Speciation calculations
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The input file “Freshwater.sp8” equilibrates a hypothetical water sample at 25°C. Double-click 
the file to launch SpecE8, then move to the Basis pane to see the compositional constraints on 
the hypothetical water. 

SpecE8: Speciation calculations
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Press the Run button on the Results pane to calculate the equilibrium species distribution in 

the water.

▪ SpecE8 produces a dataset as output => “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
E

N
V

 2
0
0
: 

G
e
o
c
h
e
m

ic
a
l 
M

o
d
e
lin

g

M
e
re

t 
A

e
p
p
li

19



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)



The run also produced a dataset 

“SpecE8_plot.gtp” that passes 

more complete information to the 

graphics program Gtplot.

Click on “Plot Results”.

Create a Piper diagram from the 

data.

SpecE8: Speciation calculations
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A piper diagram segregates 

concentrations of the most abundant 

cations and anions to understand the 

sources of dissolved constituents in 

water.

Advantages

▪ Many water analyses can be plotted 

on the same diagram

▪ Can be used to classify waters 

▪ Can be used to identify mixing of 

waters 

Disadvantages

▪ Concentrations are renormalized

▪ Cannot easily accommodate waters 

in which other cations or anions are 

significant

SpecE8: Speciation calculations
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Ca-SO4 waters: typical of 
gypsum ground waters 

and mine drainage
Ca-HCO3 waters: typical 

of shallow, fresh 
groundwaters

Na-Cl waters: 
typical of marine 
and deep ancient 

groundwaters

Na-HCO3 waters: 
typical of deeper 

groundwaters 
influenced by ion 

exchange



SpecE8: Speciation calculations
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Ca2+ + Mg2+ = 60 meq/kg + 20 meq/kg 

= 80 meq/kg

SO4
2- + Cl- = 60 meq/kg + 40 meq/kg = 

100 meq/kg



We can add the river data for 
Mississippi and Amazon from 
last week: Simply drag and drop 
the file RiverWaters.gss into 
Gtplog

What is the main chemical 
difference between our 
hypothetical freshwater and the 
river waters?

TDS = total dissolved solids

Typical tap water concentrations: 150-400

SpecE8: Speciation calculations
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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
E

N
V

 2
0
0
: 

G
e
o
c
h
e
m

ic
a
l 
M

o
d
e
lin

g

M
e
re

t 
A

e
p
p
li

25



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



Redox reactions in natural waters, especially 

at low temperatures, cannot always be 

assumed to be at thermodynamic equilibrium. 

For example, the photo shows part of a river in 

the Rocky Mountains where waters containing 

reduced iron come into contact with oxygen-

containing waters. As a result, iron is oxidized 

and iron minerals are precipitating as 

evidenced from the orange color.

In our modeling efforts, we therefore want to 

calculate a scenario in which redox reactions 

are in a state of disequilibrium. Let’s see how 

this works in SpecE8!

SpecE8: Redox 
disequilibrium
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Double-click the “Redox.sp8” input file to launch SpecE8, then move to the basis pane. The 
input configures a model of a fluid of a certain pH, Eh, and major ion composition.

SpecE8: Redox disequilibrium
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Open the Config → Redox couples… dialog and note the decoupled redox pairs. Disabling the 
redox couples between ferric and ferrous iron and between trivalent and pentavalent arsenic 
[i.e., basis species AsO4--- and As(OH)4-] causes the program to consider that oxidized and 
reduced iron and arsenic species exist in quantities not related to the value entered for Eh. 
Other redox couples, such as between HS- and SO4-, remain enabled and will reflect the 
specified Eh. 

SpecE8: Redox disequilibrium
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By nature, you need more information 

to constrain a model of a fluid in redox 

disequilibrium than you do for an 

equilibrium model.

As you can see on the Basis pane, 

separate constraints are required for 

the oxidized and reduced forms of iron 

and arsenic (i.e., we give the model 

different concentrations for each redox 

species).

SpecE8: Redox disequilibrium
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Whenever there are two or more independent redox couples in a run, SpecE8 reports in 

“SpecE8_output.txt” the theoretical oxidation state of each couple. In this example, the couples 

and corresponding Nernst Eh and pe values are: 

The first line reflects the Eh specified as an input constraint. The second and third lines show 

the oxidation states calculated from the activities of arsenic and iron species. The differences 

in oxidation state reflect the extent of redox disequilibrium in the solution. 

SpecE8: Redox disequilibrium
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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 kg 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



1. Develop a conceptual model: List the processes that likely determine 

the chemical composition of a system.

2. Make partial equilibrium assumptions: Consider the timeframes in 

which you wish to understand a system (minutes? years? millions of 

years?). Decide which of the relevant reactions will reach equilibrium 

in this timeframe, and which ones will not proceed to any relevant 

degree.

3. Make sure you have thermodynamic parameters for these reactions.

4. Solve all equations simultaneously with a numerical model.

5. Interpret the output with respect to your conceptual model.

6. Potentially revise the conceptual model and start over.

Workflow for thermodynamic modeling
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Waterfall Dreimühlen: Are 514’100 kg/y calcite precipitation a plausible 

value?

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



Summary
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1. We can use the Rxn app in the Geochemist’s Workbench to balance 
reactions.

2. The SpecE8 app is a versatile tool for speciation calculations. 
Successful implementation of speciation calculations requires a good 
understanding of the system of interest.

3. Geochemical models are always simplifications of natural systems. 
They can still provide meaningful clues to understand the functioning 
and complexities of natural systems.
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