SCH4U1

The Factors Affecting Equilibrium
The composition of the equilibrium state (i.e. the proportion of reactants and products) is determined by:

1) The Tendency Towards Minimum Potential Energy (Enthalpy or H)

H = Hproducts  - Hreactants
H < 0:  The forward reaction is exothermic and favoured.

H > 0:  The forward reaction is endothermic and the reverse reaction is favoured.

Most reactions we study are exothermic because these tend to be spontaneous.

2) The Tendency Towards Maximum Randomness (Entropy or S)

S = Sproducts  - Sreactants
 
S > 0: Products are more random and the forward reaction is favoured.

S < 0: Products are less random and the reverse reaction is favoured.

Reactions favour the direction that produces maximum randomness.
At low temperatures, enthalpy change has the greatest influence and exothermic reactions are generally spontaneous.
At high temperatures, the random motion of molecules is increased and the entropy factor (S) has more influence on the equilibrium state.

Gibb’s Free Energy Change - G

Both enthalpy and entropy factors are incorporated into Gibbs Free Energy Change.  This concept allows us to predict whether the forward or reverse reaction is favoured.  Reactions that favour the products are considered spontaneous.

[image: image1.wmf]S

T

H

G

D

-

D

=

D


Consider a Reaction:

A  +  B  ⇌  C  +  D
 

	H
	S
	Temp.
	Composition of the Equilibrium State
	Gibb’s Free Energy
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If G  < 0 ( ( )

The forward reaction is spontaneous.

If G  >  0 ( + )

The forward reaction is not spontaneous.

If G  =  0


Equilibrium is reached.

Sample Problems:
e.g. 1) Consider the phase change of water at 101.3 kPa:



H2O (l)  
⇌
H2O (g)


H
=     + 44.0 kJ/mol
(the process is endothermic)


S
=
+ 0.1187 kJ/K
(the process increases system entropy)

Calculate the value of G at room temperature (25oC) and predict the proportion of reactants and products that would be present.
e.g. 2) Calculate the normal boiling point of mercury at 101.3 kPa.
Hg (l)      ⇌     Hg (g)

H
=   + 61.4 kJ/mol









S
=   + 0.09907 kJ/K


* At the boiling point, the two phases are at equilibrium (( G = 0)

Homework: 
i) Complete worksheet.

The Factors Affecting Equilibrium

1.  For each of these reactions, state whether the entropy increases or decreases in the forward direction:

a)   2 H2 (g)   +   O2 (g)

2 H2O (g)

b)  2 SO3 (g)

2 SO2 (g)   +    O2 (g)

c)  MgCO3 (s)    +  2 H3O+ (aq) 

Mg2+ (aq)   + 3 H2O (l)   +  CO2 (g)

d)  Ag+ (aq)   +   Cl- (aq)

 AgCl (s)

e)  Cl2 (g)

2 Cl (g)

f)  H2O (l)

H2O (g)

g)  Mg (s)   +  2 H3O+ (aq)
 Mg2+ (aq)   +   H2 (g)   +   2 H2O (l)

h)  2 C2H2 (g)   +  5 O2 (g)
4 CO2 (g)  +  2 H2O (g)

i)   NH3 (g)
  +    HCl (g)
 NH4Cl (s)

2.  For each reaction, calculate the value of Gibb’s Free Energy (∆G) and predict whether the reaction is spontaneous or not spontaneous in the forward direction.







    


∆H (kJ)
T∆S (kJ)

a)    H2O (l)

H2O (g)




284.2

41.8
b)   2 Fe(s)
+   ½ N2
      Fe2N (s)



-3.76

-14.63

c)   C6H14  (g)   
 6 C(s)   +   7 H2 (g)


166.9

167.4

d)   HCl (g)   +   H2O (l) 

H3O+ (aq)   +   Cl- (aq)
-75.2

-39.3

3.  For each of the following, calculate the value of ∆G and then predict the proportions of products and reactants that would be present at equilibrium at room temperature (298 K).








 ∆H

∆S        

a)  N2 (g)   +    3H2 (g)
⇌ 
2 NH3 (g)

-91.96 kJ
-0.1982 kJ/K

b)  H2O2 (g)
  ⇌
H2O (g)  +   ½ O2 (g)

-106 kJ
0.058 kJ/K
c)  N2 (g)   +  3 F2 (g)  ⇌
  2 NF3 (g)


-249 kJ
-0.278 kJ/K

d)  N2 (g)   +    3 Cl2 (g)   ⇌    2 NCl3 (g)

+460 kJ
-0.275 kJ/K

e)  N2F4 (g)  
⇌  2 NF2 (g)




+85 kJ
+0.198 kJ/K

f)   2 H2O (l)  ⇌  2 H2 (g)   +   O2 (g)


+572 kJ
+0.329 kJ/K
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