
Chapter 18 Chemical Equilibrium

I. Equilbrium: A State of Dynamic Balance
(18.1 pgs. 559-568)

Consider the reaction for the formation 

of ammonia from nitrogen and hydrogen.

N2 +  3H2 ↔ 2NH3 +  (energy)



What happens when one mole of nitrogen 

and three moles of hydrogen, the amounts 

shown in the equation, are placed in a closed 

reaction vessel?

Because the reaction is spontaneous, 

nitrogen and hydrogen begin to react.

N2 +  3H2 ↔ 2NH3 +  (energy)



The concentrations of the reactants (H2 and 

N2) decrease at first while the concentration 

of the product (NH3) increases.

Then, before the 

reactants are used 

up, all 

concentrations 

become constant.

N2 +  3H2 ↔ 2NH3 +  (energy)



The reactants, H2 and N2, are consumed in 

the reaction, so their concentrations 

gradually decrease.

After a period 

of time, 

however, the 

concentrations 

of H2, N2, and 

NH3 no longer 

change.



All concentrations 

become constant, as 

shown by the 

horizontal lines on the 

right side of the 

diagram.

The concentrations of H2 and N2 are not 

zero, so not all of the reactants were 

converted to product.



When a reaction results in almost complete 

conversion of reactants to products, chemists 

say that the reaction goes to completion.

But most reactions, including the 
ammonia-forming reaction, do not go to 
completion. They appear to stop.

The reason is that these reactions are 

reversible.



A. A reversible reaction is one that can occur 

in both the forward and the reverse directions.

Chemists combine these two equations into 
a single equation that uses a double arrow 
to show that both reactions occur.



Just as the reaction begins at a definite, initial 

rate; no ammonia is present so only the 

forward reaction can occur. 



As hydrogen and nitrogen combine to form 

ammonia, their concentrations decrease. 

Ammonia production starts quickly, then 

slows as hydrogen and nitrogen continue to 

decrease.



As soon as ammonia is present, the reverse 

reaction can occur, slowly at first, but at an 

increasing rate as the concentration of 

ammonia increases.



As the reaction proceeds, the rate of the 

forward reaction continues to decrease and the  

rate of the reverse reaction continues to 

increase until the two rates are equal.

The system 

has reached 

a state of 

balance or 

equilibrium.

The word equilibrium means that opposing 

processes are in balance.





B. Chemical equilibrium is a state in which 

the forward and reverse reactions balance 

each other because they take place at equal 

rates.

Rateforward reaction  =  Ratereverse reaction





Chemical Equilibrium

1. Takes place in a closed system

2. Is dynamic and only describes overall 
appearance of system, (does not describe 
action of particles and noticeable changes.  
It only describes two opposing chemical 
reactions are occurring, one balanced by 
the other).

3. Rate of opposing reactions are equal.



Chemical Equilibrium



II. Equilibrium Expressions and Constants

N2 + 3H2  2NH3 +  (energy)

(Which way does the reaction run?)

Depends on the concentration of N2 and H2

Law of Chemical Equilibrium – at a given 

temperature, a chemical system may reach 

a state in which a particular ratio of 

reactant and product concentrations has a 

constant value.



Rate of forward reaction #1 = K1[N2] [H2]
3, 

where K1 is the rate constant.

[] = concentration in moles/liter, molarity

Rate of reverse reaction #2 = K2 [NH3]
2, 

where K2 is the rate constant.



At  Equilibrium the rate of reaction #1 = 
rate of reaction #2

Algebraically – K1[N2][H2]
3 = K2[NH3]

2

K1 = [NH3]
2

[N2][H2]
3

K1

K2

= Keq = equilibrium constant



Keq = [NH3]
2

[N2][H2]
3

reactants

products



III. General Equilibrium Expression

aA + bB  cC + dD



1. Place products in numerator

2. Place reactants in denominator

Keq = C x D – products

A x B – reactants



3. Brackets indicate concentration in 

moles/liter

Keq = [C] x [D]

[A] x [B]



4. Concentration in raised to the power of 

the coefficient used for balancing

Keq =  [C]c x [D]d

[A]a x [B]b



Example:  When 1.00 mole of HI is heated 

to 510 C in a sealed 1-liter flask until 

equilibrium is reached, it decomposes to 

form 0.14 mole of each of the products 

Hydrogen gas and Iodide gas. All 

reactants are in the gaseous phase. 

Calculate the equilibrium constant.

HI H2 +  I22

BrINClHOF gases?



H2 +  I22HI

[1.0] [.14] [.14]

Keq =  [.14 ] x [.14 ]

[1]2

Keq =  [H2 ] x [I2 ]

[HI]2

Keq =  0.020



Keq is large (>1) = numerator is larger, 

large products so reaction is in forward 

direction to completion.



Keq is small (<1) = products are less than 

reactants, so reaction is in reverse 

direction to completion



Note: When reactants and products are 
pure solids or pure liquids with constant 
concentrations, they can be omitted from 
the equilibrium constant expression.

Change in temperature, pressure, or 
concentration, then reaction is under 
STRESS. Equilibrium is disturbed and 
will undergo a shift or displacement.



IV. Le Chatelier’s Principle

Le Chatelier’s Principle – If a stress is 

applied to a system at Equilibrium, the 

Equilibrium is shifted in a way that tends 

to reduce or relieve the effects of the 

stress.



A. Changes in concentration

N2 + 3H2  2NH3

1. Adding or removing reactants or products

Ex: if you add more N2, there will be more 
collisions between N2 and H2, therefore more 
NH3 is produced 

2. Now  relate this to Le Chatelier’s Principle

What if we remove N2?

What if we remove NH3?

What if we add H2?

Shift left

↓N2 ↓H2

↓N2 ↑NH3

↓NH3
↑H2

Shift right

Shift right



B. Effect of Pressure

1. Only relates to gases

2. Increased pressure favors smaller volumes

3. N2 + 3H2  2NH3   How many moles of 

reactants and products?1 mol 3 moles 2 moles

= 4 moles 

Shift to the right, only 2 moles



C. Effect of Temperature

1. In general,  increasing temperature 

increases both rxn rates, and decreasing 

temperature decreases both rxn rates.

2. Increase temp – favors endothermic rxn 

(absorbs heat)

3. Decrease temp – favors exothermic rxn

4. Will Keq change?

Yes for temp, but not with concentration or pressure

N2 + 3H2  2NH3   + Energy

Exo

Endo



The Effect of Changes in Temperature

Co(H2O)6
2+

(aq) + 4 Cl(aq) CoCl4 (aq) + 6 H2O (l)



The Effect of Changes in Temperature

Cobalt Equilibrium

http://www.youtube.com/watch?v=BGfYf8OQzuk




V. Catalyst

– speeds up rxn to reach Equilibrium, but 
does not favor either forward or 
reverse rxn.



The End


