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This Supplementary Information file contains numerical values of the data points presented in the 

main publication. This dataset and the Python code are available through TORE together with a 

descriptive README file: https://doi.org/10.15480/882.17011.  

The following sections contain information on the calibration curve for the ammonia test kit (S1), 

urea HPLC analytics (S2), ph analysis (S3), ammonia testkit results (S4), urea HPLC results (S5), the 

respective HPLC chromatograms (S6), parameter fits for the kinetic models (S7), S8: Results of 

the Bayesian optimization for the two experimentally validated points (S8) and  the experimental 

results for the two experimentally validated points (S9) 

S1: Calibration curve for ammonia test kits 

Table S1 – Ammonia calibration curve using ammonia test kits. Results are presented as mean ± the standard deviation. 

Concentration (mg/L) Absorbance at 660 nm 

5 0.0725 ± 0.0006 

15 0.1237 ± 0.0001 

25 0.1872 ± 0.0005 

35 0.2430 ± 0.0046 

45 0.3243 ± 0.0053 

50 0.33927 ± 0.0014 
 

 

Figure S1 - Calibration curve of ammonia using ammonia test kits. Shown as mean ± standard deviation. 
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S2: Calibration Curve for urea in HPLC 

Table S2 - Urea calibration curve in the HPLC at 0.5 mL/min flowrate with double distilled water as eluent. Results are 
presented as mean ± the standard deviation. Measurements are independent triplicates. 

Concentration (mM) Peak Area (-) 

3 782.0 ± 58.4 

6 1522.8 ± 73.4 

9 2241.7 ± 120.5 

12 2818.2 ± 21.4 

15 3402.5 ± 116.4 

18 4073.9 ± 65.4 

21 4493.4 ± 136.4 

24 5313.5 ± 115.3 

27 5677.3 ± 170.6 

30 6303.3 ± 94.9 
 

 

Figure S2 - Calibration curve of urea in the HPLC. Shown as mean ± standard deviation. 

Table S3 - Values for the linear regression of the HPLC calibration curve. 

Standard error (-) 108.28 

Intercept 335.20 

Slope 201.68 

R2 0.997 

LOD (mM) 1.77 

LOQ (mM) 5.37 

 

 

Figure S3 - Example of chromatogram at 200 nm for 15 mM urea. 



S3:  pH results 

Table S4 - pH of the reaction solution after 1 h of reaction, measured directly after opening the reactors. Results are 
presented as mean ± the standard deviation. Measurements are independent triplicates. 

Pressure (bar) pH (-) 

0 9.05 ± 0.03 

0.5 7.95 ± 0.08 

1 7.80 ± 0.10 

2.1 7.10 ± 0.22 

3.5 6.92 ± 0.09 
 

S4: Ammonia test kit results 

Table S5 - Final urea concentration of the reaction solution after 1 h of reaction, calculated from measuring with ammonia 
test kits. Results are presented as mean ± the standard deviation. Measurements are independent triplicates. 

Pressure (bar) Urea (mM) 

0 26.1 ± 0.7 

0.5 22.3 ± 1.6 

1 7.8 ± 1.4 

2.1 7.1 ± 4.3 

3.5 6.9 ± 2.0 
 

S5: HPLC results 

Table S6 – Final urea concentration of the reaction solution after 1 h of reaction, measured using HPLC. Results are 
presented as mean ± the standard deviation. Measurements are independent triplicates. 

Pressure (bar) Urea (mM) 

0 26.7 ± 1.9 

0.5 18.7 ± 3.3 

1 10.2 ± 0.6 

2.1 11.7 ± 1.3 

3.5 8.9 ± 0.6 

 9.9 ± 1.9 

 

Figure S4 - Dependency of final urea concentrations after a 60 minute reaction on the CO2 overpressure in the reactor using 
HPLC method. Results are shown as mean ± standard deviation of experimental triplicates (n=3). 

 



S6: HPLC chromatograms 

a. 0 bar pressure in the reactor 

 

 

Figure S5 - HPLC chromatogram for no pressure – 1st replicate. 

 

 

 

Figure S6 - HPLC chromatogram for no pressure – 2nd replicate. 

 

 

 

Figure S7 - HPLC chromatogram for no pressure – 3rd replicate. 

 

 



b. 0.5 bar pressure in the reactor 

 

 

Figure S8 - HPLC chromatogram for 0.5 bar pressure – 1st   replicate.  

 

 

 

Figure S9 - HPLC chromatogram for 0.5 bar pressure – 2nd   replicate. 

 

 

 

Figure S10 - HPLC chromatogram for 0.5 bar pressure – 3rd replicate. 

  



c. 1 bar pressure in the reactor 

 

 

Figure S11 - HPLC chromatogram for 1  bar pressure – 1st replicate. 

 

 

 

Figure S12 - HPLC chromatogram for 1  bar pressure – 2nd replicate. 

 

 

 

Figure S13 - HPLC chromatogram for 1  bar pressure – 3rd replicate. 

  



d. 2.1 bar pressure 

 

 

 

 

 

 

 

Figure S15 - HPLC chromatogram for 2.1  bar pressure – 2nd replicate. 

 

 

 

Figure S16 - HPLC chromatogram for 2.1  bar pressure – 3rd replicate. 

  

Figure S14 - HPLC chromatogram for 2.1  bar pressure – 1st replicate. 



e. 3.5 bar pressure 

 

 

 

 

 

 

 

Figure S18 - HPLC chromatogram for 3.5  bar pressure – 2nd replicate. 

 

 

 

Figure S19 - HPLC chromatogram for 3.5  bar pressure – 3rd replicate. 

 

 

Figure S17 - HPLC chromatogram for 3.5  bar pressure – 1st replicate. 



S7: Parameter fits for the kinetic model 

The confidence ellipsoid for the parameter fit is given below.  

 

Figure S20 – Confidence ellipsoid for the parameter fit. 

 

 

Figure S21 – Parity plot for the final urea concentrations. 

 



 

Figure S22 – Parity plot for the final pH. 

 

S8: Results of the Bayesian optimization for the two experimentally validated points 

 

 

Figure S23 – Results of the Bayesian optimization for the 30 mM case. 



 

Figure S24 – Results of the Bayesian optimization for the 15 mM case. 

 

S9: Experimental results for the two experimentally validated points  

Table S7 - Experimental results for the validation of the Bayesian optimization. 

Initial urea (mM) Pressure (bar) Final urea (mM) pH (-) 

30 2.3 9.7 ± 0.4 6.98 ± 0.15 

15 2.1 4.8 ± 0.8 6.66 ± 0.12 
 


