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S1 Handout for Experiments
Student handouts to give an overview of the experimental setup and support experimental planning are appended to this
document.

S2 Lab Setup

Figure S1. A: experimental setup of the reactor in continuous flow mode. B: for the bubbletrain reactor, an additional
T-junction is inserted at which the 1-octanol phase is added to the same reactor as shown in A.

S3 Python Code
Students are given a jupyter notebook. A printout of the notebook is appended to this document. The notebook is available at
https://git.rwth-aachen.de/avt.cvt/public/acvt.

S4 Color Sensor
Schematics and code for the color sensor are available at https://git.rwth-aachen.de/avt.cvt/public/acvt/
-/tree/main/sensor.
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S5 Concentration Profiles
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Figure S2. Concentration profiles for k1 = 300L2 mol−2 s−1 and a Fe3
+ concentration of 14×10−3 molL−1.

S6 Error Function
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Figure S3. Example of the fit error function for the batch reactor for a Fe3
+ concentration of 14×10−3 molL−1 .
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Part A: Experiments 
 
 
 
 

 
Landolt Reaction  
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Chemicals: Material: 

Starch Beakers, graduated cylinder 

Sodium thiosulfate Set of scales 

Potassium iodide Tubing, fittings 

Acetic acid Static mixer (3D-printed in house) 

Iron(III) chloride Syringe pumps + 3 syringes (60 ml) 

DI water Waste container 

 
Reaction solutions: 
 
A1:  

Chemicals: Mass (g) 

Acetic acid 4,5060  

Iron(III) chloride 2,0245  

DI water 249,22  

 
 
A2:  

Chemicals: Mass (g) 

Acetic acid 9,0022 

Iron(III) chloride 0 

DI water 498,5 

 
B:  

Chemicals: Mass (g) 

Starch (1 wt% boiled in 20 ml DI water) 0,2 (0,04 wt%)  

Sodium thiosulfate 0,254  

Potassium iodide 3,573  

DI water 478,61  
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Procedure: 
 
The reactors are set up according to the schematic shown below. 
 

 
 
A: Continuous Flow Reactor 
 

1. Each group is given 200 ml of solution A1, 400 ml of solution A2 and 400 ml of solution B. 
 

2. The flow reactor is set up, the outlet is placed in a beaker and two syringe pumps are set up 
as the reactor inlets. 

 
3. Solution A is prepared by mixing solutions A1 and A2. For that, a graduated cylinder is used.  

 
4. By changing the ratio of solutions A1 and A2, different iron(III) chloride concentrations are 

obtained. 

 
5. One syringe is filled with solution A and the other syringe is filled with solution B. Both 

syringes are placed in the syringe pumps and marked appropriately. The syringe pumps are 
set up according to the diameter of the used syringes and the flow rates are set up to be the 
same for both pumps. 

 

6. The experiment is performed for different concentrations of iron(III) chloride. Results are 
recorded in tables and the location of color change is measured. In addition, a photograph of 
the reactor is made. Cameras or smart phones must not be touched wearing gloves! 

 
B: Bubble Train Reactor 
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1. Each group is given 200 ml of solution A1, 400 ml of solution A2 and 400 ml of solution B. 
Additionally, students are provided with 1-octanol as the continuous phase. 
 

2. The flow reactor is set up, the outlet is placed in a beaker and two syringe pumps are set up 
as the reactor inlets. A third syringe pump is set up for the 1-octanol and connected via a T-
junction between the mixer and the reactor. 

 
3. Solution A is prepared by mixing solutions A1 and A2. For that, a graduated cylinder is used.  

 
4. By changing the ratio of solutions A1 and A2, different iron(III) chloride concentrations are 

obtained. 

 
5. One syringe is filled with solution A and the other syringe is filled with solution B. Both 

syringes are placed in the syringe pumps and marked appropriately. The syringe pumps are 
set up according to the diameter of the used syringes and the flow rates are set up to be the 
same for both pumps. A third syringe containing 1-octanol is placed in the third syringe pump 
and a flow rate approx. four times of the individual reactant solutions is set up. 

 

6. The experiment is performed for different concentrations of iron(III) chloride. Results are 
recorded in tables and the location of color change is measured. In addition, a photograph of 
the reactor is made. Cameras or smart phones must not be touched wearing gloves! 

 
Cleanup 
 

1. After the experiment is finished, the reaction solution is disposed of in the canister marked 
„acids“. The canister must not be filled over 90%! 

 

2. All used materials are cleaned thoroughly and the syringes are disposed of in the bin marked 
„plastics“. 

 

Task:  
 

a) Determine the reaction rate at different iron(III) chloride concentrations 
 

b) What is the minimum and maximum concentration of iron(III) chloride which still allows the 
reaction to take place within the bounds of the reactor? Vary the ratio of A1/A2. 

 

c) Plot the concentration over the reaction rate. Which reaction order can you assume for 
iron(III) chloride (x), potassium iodide (y) and sodium thiosulfate? Plot your results 
logarithmically and show the equation for determining the reaction order. Reference graphs 
for potassium iodide and sodium thiosulfate are given in Figure 1, 2 and 3. 

 

𝑣0 = 𝑘[Fe3+]0
𝑥[𝐼−]0

𝑦 
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A: Continuous Flow Reactor 

VA1 [mL] VA2 [ml] CFeCl2 [mmol/L] Flow rate*[ml/min] Length [cm] Time [s] 

      

      

      

      

      

      

      

      

      

*Total flow rate = sum of flow rates of both pumps 
B: Bubble Train Reactor 

VA1 [mL] VA2 [ml] CFeCl2 [mmol/L] Flow rate*[ml/min] Length [cm] Time [s] 

      

      

      

      

      

      

      

      

      

*Total flow rate = sum of flow rates of all three pumps 
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Figure 1:Reaction time over concentration of potassium iodide 

 
Figure 2: Logarithmic plot of reaction time over potassium iodide concentration 
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Figure 3: Reaction time over sodium thiosulfate concentration 

Physical constants:  
 

 Molar mass sodium thiosulfate: MNa2S2O3 = 158,11 g/mol 
 

 Molar mass potassium iodide: MKI = 166,0028 g/mol 
 

 Molar mass iron(III) chloride: MFeCl3 = 162,2 g/mol 
 

 Volume static mixer = 0,9455 ml 
 

 Distance black marks 10 cm, red marks 1 m  
 

 Tube diameter of reactor = 2,5 mm 
 
Chemical equations: 
 

Fe3+ + S2O3
2− ⇌ [Fe(S2O3)]+ (1) 

2Fe3+ + 3I− → 2Fe2+ + I3
− (2) 

  I3
− + 2S2O3

2−
𝑘1
→ 3I− + S4O6

2− (3) 

2I3
− + starch

𝑘2
→ starch −  I5

− + I− (blue color) (4) 
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