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Reaction Equilibrium

@ For the general chemical reaction,
vaA + vgB +— vcC+ vpD
@ The differential form for the Gibbs free energy at constant T" and p,
dG = upadNp + ugdNg + ucdNc + updNp

Np is number of moles of A.

@ When reaction extent is introduced, &,

G(&) = (1 = &vapa + (1 = §vepus + Evcpuc + Evppp

proceed to

G(&) = vapa + veus + &(vcpc + vopp — vapa — vLB)
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Reaction Equilibrium

o Let
AG =G(1) — G(0)

then
G(6) = G(0) + €AG

and

ANp = —vadé  dNg = —vgdé  dNc = +vcdé  dNp = +vpdE

then
dG = (vcpc + vpup — vapa — vug)dé = AGdE

therefore,
(), =
85 T,p
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Reaction Equilibrium

@ The driving force for the chemical reaction is given by

p—-(%) =-ac
9 ) r,

the chemical potential is
wi = p; + RT'Ina;

then

(e} o] (e} (o] aVCaVD
AG = (vcpg +vopp) — (vaps + vepg) + RT In aSAQBB
A ¥B
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Reaction Equilibrium

o With definition
AG® = (vcpe +vopp) — (vaka + veug)

AC, = (vcec + vpep) — (vaca + vaeg)
A
K = C D

VA VB
ap ag

then
AG=AG°+RTIh K

@ By definition
AG° = AH®° —TAS°
then
T
298K
T AC

AS° = ASSgk + / i

208K 1 J
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Reaction Equilibrium

e For constant AC), then

AG° =a+bT+cTInT
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Ellingham Diagram

@ Consider an oxidation reaction,
2M(s) + O2(g) = 2MO(s)

where M is assumed to be a metal with valence of +2 in the oxide.

o We have
AH° =2Hyo —2Hy — H82

AS° = 2530 — 255 — S8, ~ — 88,
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Ellingham Diagram

@ From the relation,
AG° = AH° —TAS°

@ Therefore the y intersect is AH® and the slope is —AS® ~ S3 .

AG A A

T —
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Ellingham Diagram

@ For an oxidation reaction at equilibrium

2

AG = 0= AG® + RT In —MO
aMa02

assume M and MO are pure solid,

AG=0=AG° + RTIn ——
PO,

therefore,
AG°® = RT Inpo,
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Ellingham Diagram

@ Schematic construction of Ellingham diagram of Pb and Ca.

AG™
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Oxygen Scale

@ We can establish a po, scale on the diagram to represent the variation
of partial pressure of oxygen with temperature. The slope of the line
below is

Rlnpo,

therefore, we can estimate that

1073 < po, < 10710
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Oxygen Scale

@ Therefore, we can estimate the equilibrium temperature T, at given

pressure po, .

Kunok (KHU)

AG”

iy

Thermodynamics

Inpo,

NE

November 4, 2024 16 /16



	Reaction Equilibrium
	Graphical Representation of Oxidation Reactions - Ellingham Diagram
	Oxygen Scale

