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Unit 7



7.1 Introduction to Equilibrium

ENDURING UNDERSTANDING: 

TRA-6 Some reactions can occur in both forward and reverse 
directions, sometimes proceeding in each direction  
simultaneously.

LEARNING OBJECTIVE:

TRA-6.A Explain the relationship between the occurrence of a 
reversible chemical or physical process, and the  
establishment of equilibrium, to experimental 
observations.



Reversible Reactions 
A reversible reaction is a reaction that can go both 
forwards:       acid + alcohol → ester (condensation) 

and backwards:  ester → acid + alcohol (hydrolysis) 

Equations for such reactions should use two-way arrows

acid + alcohol ⇋ ester

to show the reaction can go in either direction. 



Let's Look at Evaporation and Condensation of H2O
If water is left in an open flask, 
it will start to evaporate.

The Rate of the forward reaction 
is as fast as it can go since the 
amount (concentration) of liquid 
water is at its highest. 

Being open means that the water 
vapor produced can escape so it is 
not available for the reverse 
reaction (condensation).



Closed Flask
If water is left in an stoppered flask, 
it will start to evaporate. 

H2O(l) → H2O(g) 

However, since the water vapor cannot 
escape, the reverse reaction will also be 
possible. 

H2O(l) ← H2O(g) 

After some time, Rate of backward = Rate 
of forward and the amounts of liquid 
water and water vapor will not change



Open System Vs. Closed System





Graphing Equilibrium
We can graph the changes to the 
concentration of the reactants and  
products as a reaction proceeds to 
equilibrium.  

Reactants and products change rapidly 
at the beginning and then the rate of 
the reaction decreases until the 
reaction reaches equilibrium. 

When the reaction reaches equilibrium 
there is no change to the amount of 
reactants and products.  





Vapor Pressure and Equilibrium

Vapor pressure builds up inside a closed container due to an 
increase in gas particles striking the walls of the container.

Vapor pressure & Temperature

● To escape the liquid and form vapor, the particles must have 
the minimum amount of kinetic energy needed to overcome the 
intermolecular forces that exist between the particles.

● At higher temperatures a larger proportion of the molecules 
will have this energy, or above, and vapor pressure will 
increase.



Vapor Pressure and Equilibrium

Vapor Pressure & Intermolecular Forces

● Diethyl ether with dipole-dipole attractions will have a 
higher vapour pressure that ethanol and water which both 
have hydrogen bonding

Other Factors

● Volume and surface area may have an effect on how quickly 
equilibrium is established but will have no effect on the 
final vapour pressure.



Together



You Do, We Review



7.2 Direction of Reversible Reactions

ENDURING UNDERSTANDING: 

TRA-6 Some reactions can occur in both forward and 
reverse directions, sometimes proceeding in each 
direction  simultaneously.

LEARNING OBJECTIVE:

TRA-6.B Explain the relationship between the direction in 
which a reversible reaction proceeds and the 
relative rates  of the forward and reverse reactions.



Reversible Reactions
During a reversible reaction, the rate of one reaction will 
be decreasing, while the rate of the other reaction 
increases until both reactions are proceeding at equal 
rates.



Rates are Equal, Concentrations are NOT



Almost Always, one direction is Favored



Favored Reactions
If the forward reaction 
is exothermic, then the 
forward reaction will be 
favored.

Why?

Activation energy for 
the forward reaction is 
smaller than the 
activation energy for 
the backward reaction, 
so equilibrium mixture 
will be mainly products



What about Catalysts?
Use of a catalyst in 
a reversible reaction 
has a neutral effect. 

Activation energy of 
both reactions are 
different, the ΔEa 
for both reactions is 
the same - both 
reactions benefit by 
the same amount.



What does 
cause more 
reactants or 
more 
products to 
form?



Together



You Do, We 
Review



7.3 & 7.4 Reaction Quotient and Equilibrium Constant & Calculating the 
Equilibrium Constant

ENDURING UNDERSTANDING: 

TRA-7 A system at equilibrium depends on the relationships 
between concentrations, partial pressures of chemical  
species, and equilibrium constant K.

LEARNING OBJECTIVES:

TRA-7.A Represent the reaction quotient Q
c
 or Q

p
, for a reversible 

reaction, and the corresponding equilibrium  
expressions K

c
 = Q

c
 or K

p
 = Q

p
.

TRA-7.B Calculate K
C
 or K

P
 based on experimental observations of 

concentrations or pressures at equilibrium.



Law of Mass Action
 aA + bB ⇌ cC + dD

At equilibrium, we have some mixture of reactants 
and products. 

The law of mass action states: for a reversible 
reaction at equilibrium and a constant 

temperature, a certain ratio of reactant and 
product concentrations has a constant value, 

K (the equilibrium constant).



Equilibrium Equation
For the following general reaction at equilibrium: 

aA + bB ⇌ cC + dD

where a, b, c, and d are the stoichiometric coefficients for 
the reacting species A, B, C, and D. At a particular 
temperature:



Equilibrium Constants

Kc - the subscript “c” lets us know this is based on 
concentrations, usually Molarity (mol/L).

Equilibrium constants have NO UNITS! 



Equilibria of Gases
Take the chemical equation:  N2O4(g) ⇌ 2NO2(g) 

We can substitute partial pressures for concentration.

So, Kp = (PNO2)
2/(PN2O4)

The subscript “p” tells us the equilibrium constant is based 
on partial pressures.  Equilibrium constants of gases can 
also be calculated from concentrations.



Pure Liquids and Solids
Solids are NOT included in equilibrium equations (get a 
value of “1”). 

Ex. H2(g) + I2(s) ⇌ 2HI(g) 

    Kc = [HI]
2/[H2]

Pure liquids are NOT included in equilibrium equations.

Ex. CH3COOH(aq) + H2O(l) ⇌ CH3COO
—
(aq) + H3O

+
(aq) 

    



Reaction Quotient, Q 
The idea of describing a mixture of reacting chemicals by 
calculating [products]/[reactants] (a quotient), can be 
extended to mixtures that have not yet reached equilibrium. 

It is defined in exactly the same way as the Equilibrium 
Constant.



Calculating Equilibrium Constant
You can calculate the value for these by plugging the 
experimental concentrations or partial pressures and the 
coefficients from the balanced equation. 











Agenda
● Bellwork
● Expectations lecture
● 7.5, 7.6, 7.7 notes
● Group (BR)ICE Problems
● Groups present 
● Students go home and do their homework AND 

WATCH THE AP DAILY VIDEOS

http://www.youtube.com/watch?v=xTczn5RUgnk


Videos
● You were supposed to watch four videos
● Longest video: 8:22
● Shortest video: 6:21



7.5 & 7.6 Magnitude and Properties of the Equilibrium Constant

ENDURING UNDERSTANDING: 

TRA-7 A system at equilibrium depends on the relationships between 
concentrations, partial pressures of chemical  species, and 
equilibrium constant K.

LEARNING OBJECTIVES:

TRA-7.C Explain the relationship between very large or very small 
values of K and the relative concentrations of  chemical 
species at equilibrium.

TRA-7.D Represent a multistep process with an overall equilibrium 
expression, using the constituent K expressions for  each 
individual reaction.



● Large K means 
mostly 
products

● Small K Means 
mostly 
Reactant



Comparing Q to K



Comparing Q to K
● Qc < Kc  -  The ratio of concentrations of products to 

reactants is too small. To reach equilibrium, reactants must 
be converted to products. The system proceeds from left to 
right (consuming reactants, forming products) to reach 
equilibrium. 

● Qc = Kc  - The initial concentrations are equilibrium 
concentrations. The system is at equilibrium. 

● Qc > Kc  - The ratio of concentrations of products to 
reactants is too large. To reach equilibrium, products must be 
converted to reactants. The system proceeds from right to left 
(consuming products, forming reactants) to reach equilibrium.



Properties of the Equilibrium Constant
Three Relationships:

1. Reversing the Reaction
2. Multiplying an Equation
3. Combining the Reactions



Reversing the REaction

We could equally well consider this equilibrium in terms of 
the reverse reaction:

The equilibrium expression is then:

This equation is simply the reciprocal of the original 
equation.  



Multiplying an Equation
The form in which a chemical equation is written affects its 
Kc expression and constant. To avoid possible ambiguity, 
chemists must provide the chemical equation with the Kc 
value.

Consider: 

At a particular temperature, 2.0 mol H2, 4.0 mol O2, and 12.0 
mol H2O are discovered at equilibrium in a 1.0 L flask.



Multiplying an Equation
The same reaction has a different equilibrium expression and a 
different constant when the coefficients in its equation are doubled:

Doubling a chemical equation’s coefficients has the effect of squaring 
its Kc.

Tripling a chemical equation's coefficients has the effect of cubing 
its Kc, and so on.



Combining Reactions
A more complicated situation is one in which the product molecules in 
one equilibrium system are involved in a second equilibrium process:

We can represent the overall reaction as:



Combining Reactions
Multiplying and cancelling the original equilibrium expressions, K'c 
and K''c:

If a reaction can be expressed as the sum of two or more reactions, the 
equilibrium constant for the overall reaction is given by the product 
of the equilibrium constants of the individual reactions.



Finally, Q
Since Q and Kc and KP are all calculated using exactly the 
same mathematical equations, the relationships described 
previously will apply equally to all.



Together 7.5



Together 7.6



7.7 Calculating Equilibrium Concentrations

ENDURING UNDERSTANDING: 

TRA-7 A system at equilibrium depends on the relationships 
between concentrations, partial pressures of chemical  
species, and equilibrium constant K.

LEARNING OBJECTIVE:

TRA-7.E Identify the concentrations or partial pressures of 
chemical species at equilibrium based on the initial  
conditions and the equilibrium constant. 



Previously
We learned how when the equilibrium constant is very large 
or very small, we can make assumptions about the amounts of 
products and reactants.



What about equilibrium constants between the extremes?
We can use stoichiometry!

Though chemicals will not necessarily be mixed in stoichiometric 
proportions initially, reactions will still obey the 
stoichiometric relationships.

For example, 2 H2S(g) + CH4(g) ⇋ CS2(g) + 4 H2(g)
Does not mean: mixture will have ratios of 2:1:1:4 

It does mean: If CH4(g) decreases by x

                 H2S(g) decreases by 2x

                 CS2(g) increases by x

                 H2(g) increases by 4x



(BR)ICE Tables
A common procedure for solving equilibrium concentrations is 
sometimes referred to as the ICE method, where the acronym 
stands for Initial, Change, and Equilibrium.

                                              A                     +                 2B             ⇋               C

I

C

E



*Pay 
attention 
to UNITS!  
We first 
have to 
solve for 
molarity 
of N2 and 
H2.





5% aSsumption (For A very small K)
Given, A(aq) + B(aq) ⇌ AB(aq),  with an equilibrium constant of 3.4 x10

-5 at 
50°C. If 1.00 M of A and 2.00 M of B are allowed to reach equilibrium,  
what are the equilibrium values?  

                    Kc =               = 3.4 x 10
-5

A B AB

I

C

E



5% Assumption
              Kc  =      (x)           = 3.4 x 10

-5

                   (1.00-x)(2.00 - x)

Difficult to solve without a graphing calculator…
BUT: K is very small, meaning VERY few products are forming.  We 
can assume x is negligible compared to 1.00 or 2.00. 

Therefore we can rewrite the equation:  Kc =   x     = 3.4 x 10
-5

                                                                      (1.00)(2.00)

                          X = 6.8 x 10-5



Together



YOu Do, We Review



Agenda
Bellwork

Finish presenting

7.8 and 7.9 

Lab

http://www.youtube.com/watch?v=SyPOM9bl3gM


7.8 Representations of Equilibrium

ENDURING UNDERSTANDING: 

TRA-7 A system at equilibrium depends on the 
relationships between concentrations, partial 
pressures of chemical species, and equilibrium 
constant K.

LEARNING OBJECTIVE:

TRA-7.F Represent a system undergoing a reversible 
reaction with a particulate model.



Equilibrium
Models
We can model the 
reactions to 
show the 
relative numbers 
of particles 
before and after 
equilibrium.

We can deduce 
the value of the 
equilibrium 
constant from 
the models.



Example (if you watched the Daily Video this will be familiar!)

   K = [Z]
     [Q][Y]2  



Example
Keq = 4 
(from last 
slide)

Vessel A:

Q = [Z]
   [Q][Y]2 

How does Q compare to Keq?



Find Q for Vessels B & C And Reaction direction



What time is equilibrium Reached? Justify your answer.



What time is equilibrium Reached? Justify your answer.



Quick Check



ONe Last thing…
Consider this set of images for this reaction: 

A2(aq) + 3 B2(aq) ⇌ 2AB3(aq) 

The system is initially at equilibrium, then some AB3 is added. The reaction then moves to a new equilibrium.  



A2(aq) + 3 B2(aq) ⇌ 2AB3(aq) 

 



Together
Consider the reaction: 

N2(g) + 3 H2(g) ⇌ 2 NH3(g)
Given 6 moles of 
nitrogen, 6 moles of 
hydrogen and 6 moles of 
ammonia at equilibrium 
in a 2 liter container, 
draw a possible 
equilibrium showing how 
the number of reactants 
and products might 
change if the volume of 
the container was 
reduced to 1 liter.



You Do, We Review



7.9 Le Chatelier's Principle

ENDURING UNDERSTANDING: 

TRA-8 Systems at equilibrium respond to external stresses to offset the 
effect of the stress.

LEARNING OBJECTIVE:

TRA-8.A Identify the response of a system at equilibrium to an external 
stress, using Le Châtelier's principle.

TRA-8.B Explain the relationships between Q, K, and the direction in 
which a reversible reaction will proceed to reach  equilibrium.



dYNAMIC eQUILIBRIUM 
vs sTATIC



Repeat to yourself everyday:

THE ONLY THING THAT 
CAN CHANGE THE VALUE 
OF K IS TEMPERATURE



Predicting and Explaining Changes to a system at equilibrium
What happens if we add more Fe3+ to the following system at 
equilibrium?



Prediction And Explanation examples for FRQs
Prediction: increasing [Fe3+] favor the forward reaction creating more 
products.

Explanation: if we increase [Fe3+] then we increase number of collisions 
between Fe3+(aq) and SCN-(aq) and so we increase the rate of the forward 
reaction. 

 Rateforward > Ratereverse, so more products and less reactants until new

 equilibrium mixture forms and Rateforward = Ratereverse again.



Henri-Louis Le Châtelier (1850–1936)
● Le Châtelier’s Principle:  if a dynamic equilibrium is 

disturbed by changing the conditions, the position of 
equilibrium shifts to counteract the change to 
reestablish an equilibrium.

● Using Le Châtelier’s Principle to Explain: if we increase 
[Fe3+] then the equilibrium will respond in order to 
counter this disturbance, it will remove Fe3+ ions by 
converting them into FeSCN2+.

● The prediction is the same!  More products produced, rate 
of the forward reaction is faster than the rate of 
reverse reaction until equilibrium is reached again…





Quick Check



Applying Le Châtelier’s to K & Q 
At equilibrium: Q = K

When a stress is applied: Q ≠ K 

Meaning: If an equilibrium system is subjected to a stress 
(resulting in Kc ≠ Qc ), the system will respond in such a 
way as to reduce the stress (and ensure that Kc = Qc). 



Stress 1: Changing Concentration
Concentrations can be changed by: 

● Adding or removing a reactant or product
● Adding water to dilute (reduce concentration)

K does not change! K ONLY changes with 
Temperature change.
However, there will be a new Q.  The reaction will shift 
until Qnew = K



LAB
● Typo for activity 2
● Iodine demonstration
● You must determine the time needed for each 

activity
● Safety: goggles
● If you finish early: you are challenged with 

returning all of your test tubes to the original 
equilibrium

● Cleanup!!!!



 Example 1

*If a system is diluted to twice the volume (with the same number 
of moles of each solute) the new concentrations are half the 
original. Use ½ the original coefficients for all concentrations.



Example 2

*What does halving the volume do to concentrations?



Stress 2: Temperature Change
Temperature change changes K!  Q will follow.
Treat temperature as a reactant for endothermic reactions 
and a product for exothermic reactions.



Example

The reaction above is exothermic.  

What color will the solution be when placed in an ice bath?

What color will the solution be when placed on a hot plate?



Together (7.9)



Agenda
Bellwork

7.10 notes

7.10 practice problems

7.11 notes

7.11 practice problems

Lab project



7.10 Le Chatelier's Principle and Q

ENDURING UNDERSTANDING: 

TRA-8 Systems at equilibrium respond to external stresses to offset the 
effect of the stress.

LEARNING OBJECTIVE:

TRA-8.A Identify the response of a system at equilibrium to an external 
stress, using Le Châtelier's principle.

TRA-8.B Explain the relationships between Q, K, and the direction in 
which a reversible reaction will proceed to reach  equilibrium.



If all of our compounds have an initial Concentration
We must determine the direction the reaction is 
moving in

How could we do this?



Example



Together (7.10)



7.11 Introduction to Solubility Equilibria

ENDURING UNDERSTANDING: 

SPQ-5 The dissolution of a salt is a reversible process that 
can be influenced by environmental factors such as 
pH or other dissolved ions.

LEARNING OBJECTIVE:

SPQ-5.A Calculate the solubility of a salt based on the value of 
KSP for the salt.



Ksp
Since solids are not included in a K expression, Ksp never 
have denominators. 

PbCl2(s) ⇌ Pb
2+
(aq) + 2 Cl

-
(aq) 

The Ksp expression is: 

Ksp = 1.7 x10
-5 = [Pb2+][Cl−]2 



Molar Solubility & Solubility
● Molar solubility (mol/L)- the number of moles of solute 

in 1 L of a saturated solution

● Solubility (g/L)- the number of grams of solute in 1 L of 
a saturated solution

 But what does saturated mean?



Unsaturated, Saturated, & Supersaturated



Saturated = Equilibrium



Ksp > 1 = Soluble
So the closer the Ksp is to 
1, the more soluble the 
solid is.



Example 1
KSP = 1.7 x 10

-5 = [Pb2+][Cl-]2 

PbCl2(s) ⇌ Pb
2+
(aq) + 2 Cl

-(aq) 

What are the concentrations of Pb2+ and Cl- in a saturated 
solution?



Example 2
The compound AB3 was dissolved in water.  The molarity of 
ion A3+ is found to be 0.00213M, what is the value for the 
KSP of AB3?  

AB3(s) ⇌ A
3+
(aq) + 3 B

-
(aq) 

KSP = [A
3+][ B-]3 



You Do, We Review



7.12  Common-Ions 

ENDURING UNDERSTANDING: 

SPQ-5 The dissolution of a salt is a reversible process that can be influenced 
by environmental factors such as pH or  other dissolved ions.

LEARNING OBJECTIVE:

SPQ-5.B Identify the solubility of a salt, and/or the value of Ksp for the salt, 
based on the concentration of a common ion  already present in 
solution.

SPQ-5.C Identify the qualitative effect of changes in pH on the solubility of a 
salt.



Common Ions - Applying Le Chatelier's to Solutions
So far, all the dissolved ions have come from the original 
solid.

However, sometimes other substances are present and may 
share a COMMON ION with the original solid.

Example:   addition of NaCl solution to 

                  PbCl2(s) ⇋ Pb
2+

(aq) + 2 Cl
—
(aq) 

Because there is a common ion (Cl-) we have added more of one 
of the products and the formation of reactant (solid) will 
be favored.



Example:
What is the molar solubility of Zn(OH)2 in a solution of 
0.10M NaOH?  Ksp of Zn(OH)2 = 3.0 x 10

-17

1. Write the dissociation equation (solid ⇌ ions) and the 
Ksp expression.  

Zn(OH)2(s) ⇌ Zn
2+

(aq) + 2OH
-
(aq) 

Ksp = [Zn2+][OH-]2 = 3.0 x 10-17 



Example
2. Create an ICE table



Example 
3. Plug in, assume x is super small, and solve!

Ksp =  3.0 x 10
-17 = (x)(.1 + 2x)2  

3.0 x 10-17 = (x)(.01)

x = 3.0 x 10-15M = [Zn2+] = molar solubility of Zn(OH)2 

VERY 
SMALL 
compared 
to .1!



Precipitation Rxns
Alternatively, two solutions may be mixed, and only then 
does the possibility of forming a solid exist as between 
them they both have ions that belong to a potential 
precipitation reaction.

Example: Will a precipitate form when 23 mL of 0.020M Na2CO3 
is added to 12 mL of 0.010M MgCl2?

 MgCO3(s) ⇋ Mg
+
(aq) + CO3

2−
(aq)       Ksp = 4.0 x 10

-5





Together (7.12)



7.14 Free Energy of Dissolution

ENDURING UNDERSTANDING: 

SPQ-5 The dissolution of a salt is a reversible process 
that can be influenced by environmental factors 
such as pH or  other dissolved ions.

LEARNING OBJECTIVE:

SPQ-5.D Explain the relationship between the solubility 
of a salt and changes in the enthalpy and 
entropy that occur in  the dissolution process.



Factors that can have an Effect on Dissolution 
Enthalpy (∆H) - measures potential energy (heat content)

● Energy will be needed to break the solvent-solvent 
attractions 

● Energy will be needed to break the solute-solute 
attractions

● Energy will be released when solute-solvent attractions 
form

Energy will be released to or taken in from the surroundings



Factors that can have an Effect on Dissolution 
Entropy (ΔS) - measures randomness or disorder

● solute will be more ordered before dissolution

● solvent will be more ordered before dissolution

● dissolution leads to an increase in disorder (+ΔS)

● surroundings can also increase in disorder

One way to think about entropy is the probability of the 
particles or energy being distributed into all the tiny places 
within a container (microstates).   



+ve is shorthand for “positive”, -ve is shorthand for “negative”



Entropy drives dissolution
As we’ve seen, dissolution can be exothermic or 
endothermic.

Many salts dissolve easily despite being endothermic.

Entropy is the driving force behind dissolution due to 
the large increase in disorder (+∆S) associated with 
most dissolutions.

Temperature also has an effect.



Gibbs Free Energy, ΔG
Enthalpy, entropy, and temperature are all used to determine 
Gibbs Free Energy.

We will learn how to calculate Gibbs free energy in Unit 9, 
but for now, we can use qualitative analysis to determine if 
a reaction will occur spontaneously.  The larger the 
negative value for Gibbs free energy the more the reaction 
will favor the products. 



3 Processes of Dissolution

ΔH ΔS

The intermolecular forces between 
solvent particles are overcome. 

+ +

The intermolecular forces between 
solute particles are overcome. 

+ +

The intermolecular forces between 
solvent and solute particles must 
reform. 

- -



Summary of Gibbs



Together



YOu Do, We REview



7.11 Introduction to Solubility Equilibria

ENDURING UNDERSTANDING: 

SPQ-5 The dissolution of a salt is a reversible process that 
can be influenced by environmental factors such as 
pH or other dissolved ions.

LEARNING OBJECTIVE:

SPQ-5.A Calculate the solubility of a salt based on the value of 
KSP for the salt.



Ksp

● Not all substances are completely soluble or 
insoluble, some are partially soluble. 

● The process of dissolution is reversible; the 
solid and aqueous ions are in dynamic equilibrium. 

● We denote this type of equilibrium constant 
expression with Ksp, the “sp” stands for solubility 
product. 

● The reaction is always written as a dissociation 
equation for a solid going to its aqueous ions. 

● The Ksp represents the maximum amount of ions that 
can be present in the solution before a 
precipitate appears. 

Another application of equilibrium is the solubility of solids. 



Ksp
Since solids are not included in a K expression, Ksp never 
have denominators. 

PbCl2(s) ⇌ Pb
2+
(aq) + 2 Cl

-
(aq) 

The Ksp expression is: 

Ksp = 1.7 x10
-5 = [Pb2+][Cl−]2 



Molar Solubility & Solubility
● Molar solubility (mol/L)- the number of moles of solute 

in 1 L of a saturated solution

● Solubility (g/L)- the number of grams of solute in 1 L of 
a saturated solution

 But what does saturated mean?



Unsaturated, Saturated, & Supersaturated



Saturated = Equilibrium



Ksp > 1 = Soluble
So the closer the Ksp is to 
1, the more soluble the 
solid is.



Example 1
KSP = 1.7 x 10

-5 = [Pb2+][Cl-]2 

PbCl2(s) ⇌ Pb
2+
(aq) + 2 Cl

-(aq) 

What are the concentrations of Pb2+ and Cl- in a saturated 
solution?



Example 2
The compound AB3 was dissolved in water.  The molarity of 
ion A3+ is found to be 0.00213M, what is the value for the 
KSP of AB3?  

AB3(s) ⇌ A
3+
(aq) + 3 B

-
(aq) 

KSP = [A
3+][ B-]3 



You Do, We Review


