
Chemistry Guru :: Making Chemistry Simpler ::   www.chemistryguru.com.sg  

CHEMICAL EQUILIBRIA – SUMMARY
Irreversible Reactions Reversible Reactions

• chemical reactions which go to completion
• products have no tendency to form back the 

reactants
• reaction continues until reactants are completely 

converted to products
• reaction takes place in only forward direction

eg A + B  C + D 

• chemical reactions which do not go to completion
• products formed react to form back original 

reactants
• reaction continues until concentrations of 

reactants and products reach constant
• reaction takes place in forward and reverse 

directions
eg A + B  C + D 

• conc of reactants gradually decrease and conc of 
products gradually increase until end of reaction

• at end of reaction, conc of limiting reagent equal 
zero

• conc of reactants gradually decrease and conc of 
products gradually increase until teqm

• at equilibrium, conc of reactants and products are 
constant and non-zero

• initial rate of forward reaction is fast and decrease 
gradually

• at end of reaction, rate of forward reaction = zero

• initial rate of forward reaction is fast and decrease 
gradually

• initial rate of reverse reaction is zero and increase 
gradually

• at equilibrium, rate of forward reaction = rate of 
reverse reaction
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Dynamic Equilibrium
• It is a system in which the forward and the backward reactions ar  e taking place at the same rate   and 

concentrations of reactants and products are constant. 
◦ The concentration of each species (reactants and products)  remains constant under the given 

conditions of temperature and pressure
◦ The forward and reverse reactions are still taking place at the microscopic level. The rate of the 

forward reaction is equal to the rate of the backward reaction so that no net change results. The 
system does not undergo any observable change at the macroscopic level.

◦ Equilibrium can be attained from either direction, i.e. by using either reactants or products
◦ Equilibrium can only be achieved in a closed system where there is absolutely no exchange of 

materials with the surroundings. An open system may allow matter to escape or to enter which 
will not allow the system to reach the equilibrium. 

Equilibrium Constants Kc and Kp

• For equilibrium mixture containing substances A, B, C and D related by the stoichiometric equation

aA     +     bB         cC    +     dD

For general systems,

[ ] [ ]
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Kc = equilibrium constant in terms of concentration 
[   ] = equilibrium concentration in mol dm-3

For gaseous systems,
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KP = equilibrium constant in terms of partial pressure
P  =  partial  pressure  in  atm,  Pa  or  other  units  of 
pressure

Tyy P  P ×= χ  where 

 yχ = Mole fraction of gas y = 
T

y

n
n

 ,   

PT = Total pressure of gases

• The equilibrium constants are  unaffected by the amounts of  pure solids and  pure liquids present 
hence concentrations of pure liquids and pure solids are not included in the expressions

• Kc and Kp expressions for a reaction
◦ applies only to a system at dynamic equilibrium
◦ constant for a given temperature. Value of K is only affected by temperature and not by changes 

in amounts of reactants and products, pressure, etc
◦ magnitute of K shows the extent of a reaction or Position of Equilibrium and gives no information 

on the rate of reaction

K value Position of Equilibrium Favoured reaction Greater proportion of

Large (>>1) Lies towards the Right Forward reaction Products

Small (<<1) Lies towards the Left Reverse reaction Reactants
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Exercise 1
Write down Kc and Kp expressions and units for the following equilibria
(a) N2 (g)    +     3 H2 (g)          2NH3 (g)
(b) 2NO2 (g)    2NO (g)   +  O2(g)
(c) I2 (g)    +      H2 (g)      2HI(g)
(d) Zn (s) + Cu2+ (aq)           Zn2+(aq)     +   Cu (s)
(e) P4 (s)   +    6 Cl2 (g)       4PCl3 (l)

Exercise 2
(a) Write the expression Kc and Kp for the following homogeneous system.

2NO (g)  + O2 (g)     2NO2  (g) 
(b) In one experiment, the concentrations of NO, O2 and NO2 at equilibrium are found to be 0.0542 mol dm -3, 
0.127 mol dm-3 and 15.5 mol dm-3 respectively. Calculate the equilibrium constant Kc of the reaction at this 
temperature. [6.44 x 105 mol-1 dm3]
(c) In another experiment, the number of moles of NO, O2 and NO2 at equilibrium  are  found  to  be  0.6 
moles,  0.3  moles  and  0.3  moles  respectively.  Given  that  the  total  pressure  was  1  atm,  calculate  the 
equilibrium constant Kp of the reaction at this temperature. [1.00 atm-1]
(d) Write down the reverse reaction and calculate Kc' and Kp' for the reverse reaction [1.55 x 10 -6 mol dm-3, 
1.00 atm]

Exercise 3
Write the expressions Kc and Kp for the following system:
     CaCO3 (s)         CaO (s)      +      CO2  (g)
At 7500C, the pressure of CO2 gas was found to be 0.230 atm.  Calculate Kp and Kc for the reaction at this 
temperature. [0.230 atm, 2.73 mol m-3]

Calculations involving Equilibrium Constants
• ICE table is useful in determining the concentrations of reactants and products at equilibrium

◦ I – initial
◦ C – change
◦ E – equilibrium

Exercise 4
A mixture of  0.10 moles of  ethanoic  acid  and 0.15 moles of  ethanol is  allowed to  reach equilibrium at 
constant temperature, 0.079 moles of ethyl ethanoate is formed. 
CH3COOH (l) + C2H5OH (l)  CH3COOC2H5 (l) +  H2O (l)
(a) Calculate Kc for the reaction at this temperature. [4.19]
(b) If 0.20 moles of ethanoic acid and 0.20 moles of ethanol are allowed to reach equilibrium at the same 
temperature, calculate the amount of ethyl ethanoate produced at equilibrium. [0.134]

Exercise 5
At 1100K,  Kp =  0.13 atm-1 for the system 2 SO2 (g) +     O2 (g)       2 SO3 (g). If 2.00 mol of SO2   and 2.00 
mol  of  O2 are  mixed and allowed to  attain  equilibrium,  what  must  the total  pressure be to  obtain  20% 
conversion of SO2? [1.01 atm]
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Le Chatelier's Principle
• states that if a system in  equilibrium is subjected to a change which  disturbs the equilibrium, the 

system will respond in such a manner as to reduce, counteract or oppose the effect of the change.

S/N Change By LCP [reactants] [products] Kc or Kp  

1 Add reactant [reactant]  increase.  By  LCP,  equilibrium  position 
shifts  right to  reduce  [reactant]  and  forward 
reaction favoured

Decrease, 
except  for 
added 
reactant

Increases Constant

2 Remove reactant [reactant]  decrease.  By LCP,  eqm position shifts 
left to  increase  [reactant]  and  reverse  reaction 
favoured

Increase, 
except  for 
removed 
reactant

Decrease Constant

3 Add product [product] increase. By LCP, eqm position shifts left 
to reduce [product] and reverse reaction favoured

Increase Decrease, 
except  for 
added 
product

Constant

4 Remove product [product]  decrease.  By  LCP,  eqm position  shifts 
right to  increase  [product]  and  forward  reaction 
favoured

Decrease Increase, 
except  for 
removed 
product

Constant

5 Increase  pressure 
(decrease volume of 
container)

PT and  partial pressures increase. By LCP,  eqm 
position shifts to  favour reaction that forms fewer 
gaseous molecules and reduce pressure

Depends Depends Constant

6 Decrease  pressure 
(increase volume of 
container)

PT and  partial pressures decrease. By LCP,  eqm 
position shifts to  favour reaction that forms more 
gaseous molecules and increase pressure

Depends Depends Constant

7 Add  inert  gas  at 
constant volume

PT  increase but  partial pressures unchanged. No 
change in equilibrium hence no shift in POE

No change No change Constant

8 Add  inert  gas  at 
constant pressure

PT constant, volume increase but partial pressures 
decrease. By LCP,  eqm position shifts to  favour 
reaction that forms more gaseous molecules and 
increase pressure

Depends Depends Constant

9 Increase 
temperature

By LCP, eqm position shifts to favour endothermic 
reaction and absorb excess heat

Depends Depends Change

10 Decrease 
temperature

By LCP, eqm position shifts to  favour exothermic 
reaction and release heat

Depends Depends Change

11 Add catalyst Increase rate of  forward and reverse reaction to 
same extent, eqm established more quickly, but no 
change in eqm hence no shift in POE

No change No change Constant

 
Exercise 6
For the following reaction N2 (g)    +     3H2 (g)         2NH3 (g)   ∆H  =  - 92.6 kJ mol-1
Discuss the effects on the equilibrium position, yields of reactants and products and equilibrium constant  
when the following changes are made on the system:
(a) Add H2 (b) Add NH3 (c) Increase P (d) Add Xe at const Vol (e) Increase T (f) Add catalyst

Exercise 7
For the following reaction H2 (g)   +   I2 (g)      2  HI (g)  ∆H  =  +53.0 kJ mol-1
Discuss the effects on the equilibrium position, yields of reactants and products and equilibrium constant  
when the following changes are made on the system:
(a) Remove H2 (b) Remove HI (c) Decrease P (d) Add Xe at const P (e) Decrease T
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Application in Industrial Processes
• Three factors to consider include

◦ rate
▪ as fast as possible
▪ increase rate by increasing temperature and usage of catalysts

◦ yield
▪ as much products as possible
▪ LCP is useful in determining conditions to favour forward reaction to increase product yield

◦ cost
▪ as low as possible
▪ minimise by using cheap reactants, recycling unreacted reactants to reduce wastage, and 

avoiding very high temperatures and pressures to reduce operating and maintenance costs
• For each industrial process, an optimum condition of temperature, pressure and catalyst is used to 

maximise yield, minimise time and cost

Haber Process
• The process involves the conversion of nitrogen and hydrogen to ammonia under suitable conditions 

of temperature, pressure and use of a catalyst.
    
 N2 (g)    +     3H2 (g)         2NH3 (g)                 ∆H  =  - 92.6 kJ mol-1

• Temperature: Moderate temperature, 450   o  C – 500   o  C  
◦ Forward reaction is exothermic hence low temperature will favour forward reaction and increase 

yield by LCP
◦ However rate of reaction will be slow at low temperatures, hence moderate temperature used

• Pressure: High pressure, 200 atm – 300 atm
◦ RHS of equation has fewer gas molecules hence high pressure will favour forward reaction and 

increase yield by LCP, hence high pressure used
◦ However higher pressure means capital and maintenance costs will increase

• Catalyst: Fe catalyst
◦ speeds up the reaction and equilibrium attained at  faster  rate  without  the need to  increase 

temperature, hence help to lower costs
• The yield is improved by the continual removal of liquid NH3. By LCP, the position of the equilibrium 

will shift to the right, producing more NH3 
• Unreacted   nitrogen and hydrogen are recycled to form more NH3. All reactant gases are eventually 

converted to NH3.
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