Chapter 7.4
Qualitative Changes in
Equilibrium Systems

Learning Goals: | will be able to ...
1. use proper scientific terminology to describe Le
Chatelier’s principle

2. apply Le Chatelier’s principle to describe how changes
to chemical systems impact chemical equilibrium




Disturbing Equilibrium

A chemical equilibrium can be disturbed by
changes in:
1. Concentration
2. Temperature
3. Pressure/Volume



Le Chatelier’s Principle
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When a chemical system at
equilibrium is disturbed by a
change in a property, the
system adjusts in a way that
opposes the change

An equilibrium shift is a change in
concentrations of reactants and products in
order to restore a new equilibrium state




Concentration

* Increasing the concentration of a reactant or
product causes an equilibrium shift that results in
a decrease of that reactant or product
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Concentration

* Decreasing the concentration of a reactant or
product causes an equilibrium shift that results in
an increase of that reactant or product
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Practice

* Consider the following equilibrium:

50, % Oz = 35034

How would the equilibrium shift if:
a) [SO,] increases

b) [SO3] increases

c) [O,g] decreases

d) [SO;)] decreases

b, A
“ Equilibrium
is reached
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Temperature

In an exothermic reaction energy is a product
A+B = C+D +energy
In an endothermic reaction energy is a reactant

energy+A+B=—0C+D

Heating a chemical system up increases the energy which
causes an equilibrium shift that results in decreased energy

Cooling a chemical system down decreases the energy
which causes an equilibrium shift that results in increased

enerqgy
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Practice

* Consider the following equilibrium:

What was the initial disturbance?

How will the equilibrium shift if the reaction
vessel is heated?

How will the equilibrium shift if the reaction
vessel is cooled?

equilibrium

equilibrium




Pressure and Volume

According to Boyle’s law, volume and pressure are inversely
proportional

When the volume of a chemical system decreases (or it’s pressure
increases) the equilibrium will shift in the direction that gives the
smaller number of gas molecules in order to make more space

3Hyg + Ny = 2NHj

(a) Initial equilibrium (b) Pressure increased, (¢) New equilibrium
condition (11 gas equilibrium disturbed condition at increased
particles)

pressure (9 gas particles)
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***Notice that changes in volume affect concentration



Factors That do not Affect the
Equilibrium Position

e Catalyst
* Adding an Inert Gas
e State of Reactants

*read about these in your textbook!



Practice

Consider the following equilibrium system:
N,O, ) t energy < 2NO,y,

How will the equilibrium shift if the following disturbances occur:

Addition of N,0,,

Addition of NO,

Removal of N,0,,

Removal of NO,,

Decrease in container volume
Increase in container volume
Increase in temperature
Decrease in temperature



Practice

* Consider the following equilibrium system:
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 What disturbances caused the equilibrium shifts
at points A, B, C, and D on the graph?



Did You Learn?

Le Chatelier’s principle states that any system at
equilibrium will respond to a disturbance by shifting to
oppose the disturbance.

Equilibrium position can be affected in predictable ways by
changes in concentration of reactants or products, energy,
or pressure.

A catalyst may increase the rate at which a chemical
reaction system comes to equilibrium but does not affect
the equilibrium position.

A chemical system at equilibrium will not be disturbed by
adding an inert gas or a substance in a different state of
matter from that in which the chemical reaction is
occurring.



HOMEWORK

Required Reading:
Le Chatelier's Principle

0. 439 — 446

(remember to supplement your notes!)

Qu est | ons: If a stress Is applied to a system In dynamic

equilibrium, the smu‘ '\ll.l: adjust to relieve that
p. 446 #1-4 -

Note: A smarter way to relieve homework stress is to see your teacher for extra help!



