Therefore, the dimensionless equilibrium constant is written as:

B, = o—AGo/RT

Key points to note:

There are at least three ways of writing the equilibrium constant, where
it may have (strange) physical units. [Read page 97 of textbook.]

To compute chemical systems in equilibrium, all one has to do is to
collect Gibbs free energies of the various molecules and then construct
the Gibbs free energy of formation corresponding to the reaction.

Pay close attention to whether it is the specific Gibbs free energy (per
unit mass) or molar Gibbs free energy.

25

Simplest possible chemical system: pure hydrogen

2H+M S Ho+M

some third body
(not so relevant)

Ensure mass conservation:

nH + 2nH, = Notal

: i ’ T H,
Write down equilibrium constant: Keq = n_2
H

Combine to obtain quadratic equation: 2Kéqn12{ +nH — Nyotal = 0
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Simplest possible chemical system: pure hydrogen

2H+MS Ho+M

1.0,
— iy (P=1 bar)

wn ~

2 0s - iy, (P=1 bar)

g — iy (P=10 bar)

° M, —

£ 7y, (P=10 bar)

. e}

higher pressure £ PR 3
favours the 2 L
forward reaction  © 0.4 *
(Le Chatelier's _g ™, Molecular hydrogen
principle) ® is favoured at lower

g - y temperatures

z .

i O
- 3 . ”
0, puun?®
6000 5000 2000 3000 2000 1000
T (K)
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Appendix D: Gibbs Free Energies of Various Molecules

and Reactions

W collect the molar Gibbs free energies of formation, associated with various

comme

on molecules, from the JANAF tables (http: //kinetics .nist.gov/janat/).

Table 6: Molar Gibbs free energies of various chemical species (Fy = 1 bar)
T H0 CH, co €O, Gl G
Name  water  methane  carbon  carbon  acetylene cthylenc
monoxide _dioxide )
) (k1 /mol) (&IJmol] (/mol) Examples of tabulated Gibbs
500 155414 19 50.933 free energies from the textbook.
600 -164.486 10: 88.017
700 -173.518 186.097 05.467
800 -182.497 180.534 103.180
0 ; “3olats e For example, we can use them
1000 19.492 2 119.122 2
1100 30.472 127.250 to calculate AG, for the
1200 41.524 13 . . .
1300 52.626 15 143794 follc_lwmg chemical reaction
1400 63.761 148319 152,016 (weighted by the stoichiometric
1500 74.918 143.078 160.331 .
1600 8 168,663 coefficients):
1700 9
1800 108.: 2 q
1900 119, CHy + H20 = CO + 3Hs
2000 130.802
2100 141975
2200 153.144
2300 164.308
2400 175,467
2500
2600
2700

2800
2900
3000

66.421

Write down equilibrium constants of
the two reactions, where quantities

with

(volume mixing ratios): eq,2 — =

Note: Tho molar Gibbs frec oncray associated with Hy is 0 J mol| by definttigs,
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Simplest possible chemical system: pure hydrogen

2H+MS Ho+M

some third body
(not so relevant)

1/2
Solve for number density -1 (1 + 8Ke,qntotal) A
of atomic hydrogen: lg= 15
eq

The appendix of the textbook lists the Gibbs free energy of atomic hydrogen,
which you can use to construct the Gibbs free energy of formation of the
chemical reaction. This then allows you to relate a given (7, P) with the
number density of both atomic and molecular hydrogen.

| suggest that you do this yourself as an exercise, as it is simple and builds intuition.
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A (still) simple chemical system: C-H-O

CH; + H,O = CO + 3Ho

methane carbon
monoxide

2CH4 = CoHs + 3Hs

acetylene

4 i s 2
chofLH2 TI,ConH2

/
Keq = — = ~ )
NCH,NHLO0 NCcH,NMH,0
i ivi 3
tildes are divided by ny, ; NCyHy N,

s 2
NCyHy Ny,
2 [ .
ném, o,
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