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Problem statement: Experiment 1
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Problem statement: Experiment 1



EQUIL AMOUNT  MOLE FRACTION     FUGACITY

PHASE: gas_ideal                 mol                           atm

CH3COOH                       0.0000E+00     2.2928E-15     1.0685E-16

TOTAL:                        0.0000E+00     1.0000E+00     4.6603E-02

PHASE: aqueous                   mol          MOLALITY       ACTIVITY

H2O_liquid                    5.4309E+00     5.5508E+01     1.0000E+00

H[+]                          2.6617E-07     2.7205E-06     2.7205E-06

CH4                           2.0054E-06     2.0496E-05     2.0496E-05

CO2                           1.7397E-06     1.7781E-05     1.7781E-05

HCO3[-]                       2.6580E-07     2.7167E-06     2.7167E-06

CH3COO[-]                     1.5756E-14     1.6103E-13     1.6103E-13

CH3COOH                       2.3268E-15     2.3781E-14     2.3781E-14

TOTAL:                        5.4309E+00                    1.0000E+00

pH = 5.5654

mol                         ACTIVITY

C_Graphite(s)                 1.7984E-01                    1.0000E+00
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Problem statement: Experiment 1
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Problem statement: Experiment 1



EQUIL AMOUNT  MOLE FRACTION     FUGACITY

PHASE: gas_ideal mol                           atm

CH4                           8.9858E-02     4.8831E-01     4.8831E-01

CO2                           8.8391E-02     4.8034E-01     4.8034E-01

CH3COOH                       5.9167E-13     3.2153E-12     3.2153E-12

TOTAL:                        1.8402E-01     1.0000E+00     1.0000E+00

PHASE: aqueous mol          MOLALITY       ACTIVITY

H2O_liquid                    5.2453E+00     5.5508E+01     9.9969E-01

H[+]                          7.7352E-06     8.1858E-05     8.1858E-05

CH4                           6.4266E-05     6.8009E-04     6.8009E-04

CO2                           1.5239E-03     1.6126E-02     1.6126E-02

CH3COO[-]                     1.5218E-11     1.6105E-10     1.6105E-10

CH3COOH                       6.7625E-11     7.1564E-10     7.1564E-10

TOTAL:                        5.2469E+00                    1.0000E+00

pH = 4.0869
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Problem statement: Experiment 1
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Problem statement: Experiment 1 - Solution: species selection



EQUIL AMOUNT  MOLE FRACTION     FUGACITY

PHASE: gas_ideal                 mol                           atm

CH3COOH                       0.0000E+00     1.0000E+00     4.2520E-03

TOTAL:                        0.0000E+00     1.0000E+00     4.2520E-03

PHASE: aqueous                   mol          MOLALITY       ACTIVITY

H2O_liquid                    5.2511E+00     5.5508E+01     9.8295E-01

H[+]                          3.9499E-04     4.1753E-03     4.1753E-03

CH3COO[-]                     3.9499E-04     4.1753E-03     4.1753E-03

CH3COOH                       8.9527E-02     9.4638E-01     9.4638E-01

pH = 2.3793
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Problem statement: Experiment 1 - Solution: species selection

✓

✓



Phase Species H C O e-(aq)

Gas CH4 4 1

CO2 1 2

CH3COOH 4 2 2

Aqueous H2O 2 1

H[+] -1

CH4 4 1

CO2 1 2

CH3COOH 4 2 2

CH3COO[-] 3 2 2 1

Graphite C 1
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Problem statement: Experiment 1 - Solution: species selection



Phase Species H C O e-(aq)

Gas CH4 4 1

CO2 1 2

CH3COOH 4 2 2

Aqueous H2O 2 1

H[+] -1

CH4 4 1

CO2 1 2

CH3COOH 4 2 2

CH3COO[-] 3 2 2 1

Graphite C 1
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Problem statement: Experiment 1 - Solution: species selection

→ ∑n(acetic acid) = ½ n(C)
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Problem statement: Experiment 1 - Solution: virtual system

components
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Problem statement: Experiment 1 - Solution: virtual system

components



EQUIL AMOUNT  MOLE FRACTION     FUGACITY

PHASE: gas_ideal                 mol                           atm

CH3COOHQa                     0.0000E+00     1.0000E+00     4.2520E-03

TOTAL:                        0.0000E+00     1.0000E+00     3.5070E-02

PHASE: aqueous                   mol          MOLALITY       ACTIVITY

H2O_liquid                    5.2511E+00     5.5508E+01     9.8295E-01

H[+]                          3.9499E-04     4.1753E-03     4.1753E-03

CH3COOQa[-]                   3.9499E-04     4.1753E-03     4.1753E-03

CH3COOHQa                     8.9527E-02     9.4638E-01     9.4638E-01

pH = 2.3793
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Problem statement: Experiment 1 - Solution: virtual system

components

✓

✓



Phase Species H C O e-(aq)

Gas CH4 4 1

CO2 1 2

CH3COOH 4 2 2

Aqueous H2O 2 1

H[+] -1

CH4 4 1

CO2 1 2

CH3COOH 4 2 2

CH3COO[-] 3 2 2 1

Graphite C 1
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Problem statement: Experiment 1 - Solution: virtual system

components



Phase Species H C O e-(aq) Qa

Gas CH4 4 1

CO2 1 2

CH3COOHQa 4 2 2 1

Aqueous H2O 2 1

H[+] -1

CH4 4 1

CO2 1 2

CH3COOHQa 4 2 2 1

CH3COOQa[-] 3 2 2 1 1

Graphite C 1
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Problem statement: Experiment 1 - Solution: virtual system

components

→ ∑n(acetic acid) = n(Qa)
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• Ingredients: 

• Alfred Bird (1843): NaHCO3

• Justus Liebig and Eben Norton Horsford (1863): NaHCO3 + Na2H2P2O7

• Oetker (1903): NaHCO3 + (Na2H2P2O7∙starch)

M. to Baben, GTT-Technologies 19

History and science of baking powder

https://en.wikipedia.org/wiki/Baking_powder
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History and science of baking powder

4.8 g NaHCO3

15 g baking powder
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100 ml Water + 1 package of baking powder + 2 cl vinegar→ ?

100 ml H2O + 4.8 g NaHCO3 + 2 cl vinegar → ?

→ I may not unselect CO2(g), HCO3
-(aq), …!
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Problem statement: Experiment 2
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Problem statement: Experiment 2 - Solution: virtual system

components
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Problem statement: Experiment 2 - Solution: virtual system

components
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Problem statement: Experiment 2 - Solution: virtual system

components



EQUIL AMOUNT  MOLE FRACTION     FUGACITY

PHASE: gas_ideal                 mol                           atm

CO2                           1.4063E-02     9.6914E-01     9.6914E-01

CH3COOHQa                     3.3369E-08     2.2996E-06     2.2996E-06

TOTAL:                        1.4511E-02     1.0000E+00     1.0000E+00

PHASE: aqueous                   mol          MOLALITY       ACTIVITY

H2O_liquid                    6.6186E+00     5.5508E+01     9.8436E-01

H[+]                          7.4789E-09     6.2724E-08     6.2724E-08

OH[-]                         1.8493E-08     1.5509E-07     1.5509E-07

HCO3[-]                       2.5305E-02     2.1223E-01     2.1223E-01

Na[+]                         4.3267E-02     3.6287E-01     3.6287E-01

NaHCO3                        1.3872E-02     1.1634E-01     1.1634E-01

CH3COOQa[-]                   1.7923E-02     1.5032E-01     1.5032E-01

CH3COOHQa                     6.1028E-05     5.1183E-04     5.1183E-04

pH = 7.2026
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Problem statement: Experiment 2 - Solution: virtual system

components
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Further applications

https://www.vttresearch.com/sites/default/files/pdf/technology/2014/T160.pdf

https://www.vttresearch.com/sites/default/files/pdf/technology/2014/T160.pdf
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Thank you very much for the attention!

Any question? Contact me!

mtb@gtt-technologies.de


