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The Equilibrium State

Chemical Equilibrium: The state reached when the 

concentrations of reactants and products remain constant 

over time
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The Equilibrium State

2 NO2(g)N2O4(g)

BrownColorless
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The Equilibrium State

2 NO2(g)N2O4(g)
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The Equilibrium State
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The Equilibrium Constant Kc

Why?
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The Equilibrium Constant Kc

cC + dDaA + bB

For a general reversible reaction:

Kc =
[A]a[B]b

[C]c[D]d

Equilibrium constant expression

Equilibrium constant
Reactants

Products

For the following reaction: 2 NO2(g)N2O4(g)

[N2O4]

[NO2]
2

= 4.64 × 10–3 (at 25 °C)Kc =

Equilibrium equation:
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The Equilibrium Constant Kc

= 4.63 × 10–3

0.0429

(0.0141)2

Experiment 5

[N2O4]

[NO2]
2

Kc = = 4.64 × 10–3

0.0337

(0.0125)2

Experiment 1
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The Equilibrium Constant Kc

Kc =

The equilibrium constant and the equilibrium constant 

expression are for the chemical equation as written.

N2(g) + 3 H2(g)2 NH3(g)
[NH3]

2

[N2][H2]
3

=

4 NH3(g)2 N2(g) + 6 H2(g)
[N2]

2[H2]
6

[NH3]
4

= Kc
´´

1

Kc

2 NH3(g)N2(g) + 3 H2(g)
[N2][H2]

3

[NH3]
2

Kc =

´

Kc =
2
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The Equilibrium Constant Kc

2 NO2(g)N2O4(g)

Kp =

N2O4
P

NO2
P

2

P is the partial pressure of that component.
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The Equilibrium Constant Kc

Kp = Kc(RT)Dn

K mol

L atm
R is the gas constant, 0.08206           .

T is the absolute temperature (kelvin).

Dn is the number of moles of 

gaseous products minus the number 

of moles of gaseous reactants.
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Heterogeneous Equilibria

CaO(s) + CO2(g)CaCO3(s)

LimeLimestone

(1)

(1)[CO2]
= [CO2]

[CaCO3]

[CaO][CO2]
=

Pure solids and pure liquids are not included.

Kc =

Kc = [CO2] Kp = PCO2
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Heterogeneous Equilibria
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Using the Equilibrium Constant

(at 500 K) Kc = 4.2 × 10–48

2 H2(g) + O2(g)2 H2O(g)

(at 500 K) Kc = 2.4 × 1047

2 H2O(g)2 H2(g) + O2(g)

Kc = 57.0

2 HI(g)H2(g) + I2(g)

(at 700 K)
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Using the Equilibrium Constant

cC + dDaA + bB

Qc =
[A]t

a[B]t
b

[C]t
c[D]t

d

Reaction quotient:

The reaction quotient, Qc, is defined in the same way 

as the equilibrium constant, Kc, except that the 

concentrations in Qc are not necessarily equilibrium 

values.
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Using the Equilibrium Constant

• If Qc = Kc no net reaction occurs.

• If Qc < Kc net reaction goes from left to right 

(reactants to products).

• If Qc > Kc net reaction goes from right to left (products 

to reactants).
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Using the Equilibrium Constant
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Using the Equilibrium Constant

At 700 K, 0.500 mol of HI is added to a 2.00 L container 

and allowed to come to equilibrium. Calculate the 

equilibrium concentrations of H2, I2, and HI . Kc is 57.0 

at 700 K.

2 HI(g)H2(g) + I2(g)
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Using the Equilibrium Constant
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Using the Equilibrium Constant

2 HI(g)H2(g) + I2(g)

Kc =
[H2][I2]

[HI]2

0 0 0.250

+x +x –2x

x x 0.250 – 2x

57.0  =
x2

(0.250 – 2x)2

Substitute values into the equilibrium expression:

Set up a table:
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Using the Equilibrium Constant

Determine the equilibrium concentrations:

x = 0.0262
x2

(0.250 – 2x)2

57.0  =

Solve for “x”:

HI: 0.250 – 2(0.0262) = 0.198 M

H2: 0.0262 M

I2: 0.0262 M
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Le Châtelier’s Principle

Le Châtelier’s Principle: If a stress is applied to a 

reaction mixture at equilibrium, net reaction occurs in the 

direction that relieves the stress.

• The concentration of reactants or products 

can be changed.

• The pressure and volume can be changed.

• The temperature can be changed.
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Altering an Equilibrium Mixture: Changes in 

Concentration

2 NH3(g)N2(g) + 3 H2(g)
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Altering an Equilibrium Mixture: Changes in 

Concentration

• the concentration stress of an added reactant or 

product is relieved by net reaction in the direction 

that consumes the added substance.

• the concentration stress of a removed reactant or 

product is relieved by net reaction in the direction 

that replenishes the removed substance.

In general, when an equilibrium is disturbed by the 

addition or removal of any reactant or product, 

Le Châtelier’s principle predicts that
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Altering an Equilibrium Mixture: Changes in 

Concentration

2 NH3(g)N2(g) + 3 H2(g) at 700 K, Kc = 0.291

Since Qc < Kc, more reactants will be consumed and the 

net reaction will be from left to right.

(1.50)(3.00)3

(1.98)2

= 0.0968 < KcQc =
[N2][H2]

3

[NH3]
2

=

An equilibrium mixture of 0.50 M N2, 3.00 M H2, and 

1.98 M NH3 is disturbed by increasing the N2

concentration to 1.50 M.
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Altering an Equilibrium Mixture: Changes in 

Concentration

FeNCS2+(aq)Fe3+(aq) + SCN−(aq)

RedPale yellow Colorless
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Altering an Equilibrium Mixture: Changes in 

Pressure and Volume

2 NH3(g)N2(g) + 3 H2(g)
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Altering an Equilibrium Mixture: Changes in 

Pressure and Volume

• an increase in pressure by reducing the volume 

will bring about net reaction in the direction that 

decreases the number of moles of gas.

• a decrease in pressure by expanding the volume 

will bring about net reaction in the direction that 

increases the number of moles of gas.

In general, when an equilibrium is disturbed by a change 

in volume that results in a corresponding change in 

pressure, Le Châtelier’s principle predicts that



© 2016 Pearson Education, Inc.Instructor’s Resource Materials (Download only) for Chemistry, 7e

John E. McMurry, Robert C. Fay, Jill Robinson

Altering an Equilibrium Mixture: Changes in 

Pressure and Volume

2 NH3(g)N2(g) + 3 H2(g) at 700 K, Kc = 0.291

Since Qc < Kc, more reactants will be consumed and the 

net reaction will be from left to right.

(1.00)(6.00)3

(3.96)2

= 0.0726 < KcQc =
[N2][H2]

3

[NH3]
2

=

An equilibrium mixture of 0.50 M N2, 3.00 M H2, and 

1.98 M NH3 is disturbed by reducing the volume by a 

factor of 2.
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Altering an Equilibrium Mixture: Changes in 

Temperature

2 NH3(g)N2(g) + 3 H2(g) DH° = –2043 kJ

As the temperature increases, the equilibrium shifts 

from products to reactants.
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Altering an Equilibrium Mixture: Changes in 

Temperature

• the equilibrium constant for an exothermic reaction 

(negative DH°) decreases as the temperature 

increases.

• the equilibrium constant for an endothermic reaction 

(positive DH°) increases as the temperature increases.

In general, when an equilibrium is disturbed by a change 

in temperature, Le Châtelier’s principle predicts that
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Altering an Equilibrium Mixture: Changes in 

Temperature
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The Effect of a Catalyst on Equilibrium


