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CaCO,(s) = CaO(s) + CO,(g) is
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o= (ﬂ — N ) The amount of reactant that has decomposed
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o= (ﬂ — N ) The amount of reactant that has decomposed
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Extent of dissociation

The fraction of reactant that has decomposed a=n-n,)n.

N,0, =—— 2NO,
Initially at time, t =0 1 0
the number of mole:

At equilibrium: 1-0 20



Extent of dissociation a=(n-n,)n.

The standard reaction Gibbs energy for the
decomposition H,0(g) — H,(g) + + O,(g) is +118.08 k] mol ™ at
2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?
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Extent of dissociation a=(n-n,)n.

The standard reaction Gibbs energy for the
decomposition H,0(g) — H,(g) + + O,(g) is +118.08 k] mol ™ at
2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?

H,O0 — H + 10,
Initial amount n 0 0
Amount . + 1
reacted/produced on an Ty on
(moles)
Amount remaining (1-o)n on omn Total: (1+3-a)n

(moles)




Extent of dissociation

a=(n—n,)/n.

The standard reaction Gibbs energy for the
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Extent of dissociation a=(n-n,)n.

The standard reaction Gibbs energy for the
decomposition H,0(g) — H,(g) + + O,(g) is +118.08 k] mol ™ at
2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?
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Initial amount n 0 0
Amount . + 1
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Extent of dissociation

K

1/2

_ Pu,Po;

Pu,o

1
H,0 — ETE A
Initial amount n 0 0
Amount _ + 1
reacted/produced an an tyon
(moles)
Amount remaining (1—-o)n on %om Total: (1+%Oﬂ)n
(moles)
Amount remaining l—o o %OL’
(mole fraction) T o
1+50 1+50 1+50o
Partial pressure, p; (1—0t)p op FOp
1+3a 1+3a 1+3a

The standard reaction Gibbs energy for the
decomposition H,0(g) — H,(g) + 4+ O,(g) is +118.08 k] mol™ at
2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?
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when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?
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Extent of dissociation
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Pu,Po, Ofmp

K= szo (1—05)(24‘05)”2
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K =

oL = (zlfz K)EH
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The standard reaction Gibbs energy for the
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2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total
pressure of 1.00bar?
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1/2 ;
K= pHEpOz _ o’ zp
Pu,0 (1—05)(2_'_05)1;2
32
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T2
o = (zlfz K)EH
InK=- AG” _ 1.1808x10° Jmol ™
RT (8.3145]K™ mol )x(2300K)
1.1808%10°

=~ 83145%x2300 = 017
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2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total

pressure of 1.00bar?
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2300K. What is the degree of dissociation of H,O at 2300K
when the reaction is allowed to come to equilibrium at a total

pressure of 1.00bar?

K=2.08x%x10"

o= (2" K)*? =0.0205
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Pressure dependence
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AG = —RTInK
Defined at a single, STD Does not change with the Pressure

pressure (1 bar)



Pressure dependence

AG = —RTInK

| !

Defined at a single, STD Does not change with the Pressure

pressure (1 bar) o
However, the composition of the

reaction mixture could change!



Pressure dependence

A system at equilibrium, when subjected to a
disturbance, tends to respond in a way that
minimizes the effect of the disturbance.

Le Chatelier’s

principle
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A(g) = 2B(g)
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Pressure dependence

A system at equilibrium, when subjected to a
disturbance, tends to respond in a way that
minimizes the effect of the disturbance.

A(g) = 2B(g)
K=_Po_
N

Increase in pressure  A(g) < 2 B(g).

Le Chatelier’s

principle



Pressure dependence

A system at equilibrium, when subjected to a %‘ v
disturbance, tends to respond in a way that =g

U | S—
minimizes the eftect of the disturbance. g~

A(g) = 2B(g)
K=_Po_
N

Increase in pressure  A(g) < 2 B(g).

K is independent of pressure. But the amounts of A and B do depend on the pressure



Response to temperature

Exothermic reactions: increased temperature favours the
reactants.

Endothermic reactions: increased temperature favours the
products.



van 't Hoff equation

_AGT
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van 't Hoff equation

AG®

InK = — RT

dinK _ 1 d(AG/T)

dT R dT

d(AGIT) _ _ dInK
dar = N dT

Gibbs—Helmholtz equation:

d(G/T)/dT =-H/T"

d(AG°/T)  AH®
dT R

A HOCis the standard reaction enthalpy at the temperature T



van 't Hoff equation

AG®

InK = — RT

dinK 1 d(AG"/T)
dTT = R dT

d(AGIT) _ _ dInK
dar = N dT

d(G/T)/dT = -H/T*
d(AG°/T) _  AH®

dT T?
A HOCis the standard reaction enthalpy at the temperature T
R dinK AH"
dT 7172



van 't Hoff equation
d(G/T)/dT =-H/T"

d(AG°/T) _  AH®

__AG dT T2
InK = - RT
A HOCis the standard reaction enthalpy at the temperature T
dlnK _ 1d(AG/T)
dT R dT dlnK AH" dlnK AH"
R — — 2
dT T? dT RT

d(AGIT) _ _ dInK
dar  ~ N dr




van 't Hoff equation

_AG
InK = —T

dinKk  1d(AG"/T)
dTT = R dT

d(AGT/T) Rdan
dT - dT

d(G/T)/dT =-H/T"

d(AG°/T)  AH®
dT R

A HOCis the standard reaction enthalpy at the temperature T

dlnK  AH® dinK _ AH"
dT ~— T1° dT RT?

R

Exothermic reactions: increased temperature favours the
reactants.

Endothermic reactions: increased temperature favours the
products.



Value of K at different T

dlnK AH" . AH® (1 1
T = wp mmmsm) [InK,-InK,=- 2 (E_Tl]
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Value of K at different T

dlnK AH" . AH® (1 1
T = wp mmmsm) [InK,-InK,=- 2 (E_Tl]

AH® ¢ 1 .

InK,-InK, = R rTZdT




Focus 6: Chemical equilibrium
The equilibrium constant
The response of equilibria to the conditions

Electrochemical cells

Electrode potentials



