
Unit 5, Chapter 7 Outline  

Chemical Systems and Equilibrium 
 

Lesson Topics Covered Reference Homework Questions   

and Assignments 

1 
 

Driving Forces in Chemical Reactions: 

Enthalpy and Entropy 
 

The Four Possibilities: 

• ∆H is negative and ∆S is positive 

• ∆H is positive and ∆S is negative 

• ∆H is negative and ∆S is negative 

• ∆H is positive and ∆S is positive 
 

Introduction to Reversible Reactions 

Page 328-331 
 
 

1. Complete homework sheet:  Driving 
Forces in Chemical Reactions: Enthalpy 
and Entropy 

2. On page 333, do 3 and 4 

2 Predicting the Direction of a Reversible 

Reaction 

• the importance of temperature 
 

Gibb’s Free Energy Equation 

• “spontaneous” reactions 

• sample calculations 

• interpreting values of ∆G 

Pages 331-333 
Handout:  
Predicting 
Whether a 
Reaction is 
Spontaneous:  
Gibb’s Free 
Energy (∆G) 

1. Complete homework sheet:  Predicting 
the Direction of a Reversible Reaction 

2. On page 333, do Q 1 

3 Introduction to Equilibrium 

• only applies to reversible reactions 

• at eq’m, ∆G = 0 

• eq’m is dynamic 

• rate graphs: rate of forward reaction is 
equal to the rate of the reverse reaction 

• conditions for equilibrium 

• homogeneous vs. heterogeneous 

• equilibrium vs. steady state 
 

Page 320 –327 
 
 
 
 
 
 
 
 

 

 

1. Read pages 320 – 327 ( not page 325) 
2. On page 327, do Q 1 – 4 
3. Which of the following systems can 

achieve equilibrium?  Explain why or 
why not for each: 

a) a candle burning 
b) a person’s weight does not change for 

one year 
c) a sealed bottle of maple syrup 

containing a crystal of maple sugar 
d) a sealed bottle of pop 
e) an opened bottle of pop 
f) the sun 
g) a firefighter’s closed air tank 
h) a waterfall 
i) a swimming pool 
j) a chicken that lays one egg every day 
 

 

4 The Eq’m Constant, Keq 

• derivation 

• writing Keq expressions for 
homogeneous  & heterogeneous 
systems 

• calculating Keq  

• interpreting values of Keq 
 

Page 334-338 
 
 
 
 
 
 

Page 348-349 

Page 336 Q 1 – 5 

 
Page 338 Q 6 – 10 
 
 
 
 

Page 349 Q 16 – 20 

5 
 

Calculations involving Keq 

• using Keq to calculate concentrations of 
reactants and products at eq’m 

• ICE tables 

• solving equations using known 
concentrations, perfect squares and the 
quadratic equation 

Page 344-347 
Look over the 
sample 
problems and 
read the tips 
 
 

Page 347  Q 11, 15, 13, 14, 12 (in this order) 

 
For Q11,  the answer should be             
[ICℓ] = 0.14 M 
 
 
 
 

 



Unit 5, Chapter 7 Outline  

Chemical Systems and Equilibrium 

 
Lesson Topics Covered Reference Homework Questions   

and Assignments 

6 
 

Calculations involving very small values 

of Keq 

• the 500 rule (aka the 5% rule) 

• sample calculations 
 

Using a trial Keq (Q) to determine if a 

system is at equilibrium 

Page 350 – 353 
 

 

 

 

 

 

 

 

 

 

 
 

Handout: 
Assignment: 
Equilibrium 
Calculations 

Page 352 Q 21, 22, 24, 25 and then 23  

• Q22 is not balanced- balance the 
chemical equation first   

• the answer for Q25 should be 
[CO2]=0.60 M, [CO] = 0.011 M and  
[O2] = 0.0057 M 

 

Page 353 Q 1 – 5 
 

Handout: Summary of Types of Eq’m 
Calculations and Equilibrium Problems #1 

• do all of the Summary of Types 
question and as many other problems 
as you need to.  Detailed answers on 
the web page. 

 

 
 

7 
 

Le Chatelier’s Principle: Disturbing 

Equilibrium 

• effect of changing concentration  

• effect of changing pressure (or 
volume) of systems with gases 

• effect of changing temperature 

• effect of adding a catalyst 

• effect of adding an inert (unreactive) 
gas 

Page 356 – 365 
(omit lab) 
 

 
Handout:      
Le Chatelier’s 
Principle 
 
 

Page 366 Q 29 – 33  (the reaction in Q31 is 
not balanced, the water vapour needs a 
coefficient of “2”) 
 
Complete questions on Handout:              
Le Chatelier’s Principle 
 

 
Prelab preparation for Lab #7 

8 
 

Lab:  Exploring Chatelier’s Principle 

• exploring the effects of disturbing 
equilibrium systems 

Handout:    
Lab #7: 
Exploring      
Le Chatelier’s 
Principle 

Lab #7: Exploring Le Chatelier’s Principle 
 
Complete Questions in the space provided 
on the Lab handout 

9 
 

Calculations involving Le Chatelier’s 

Principle (the Reaction Quotient, Q) 

• if Q < K, reaction proceeds to right 

• if Q > K, reaction proceeds to left 

• if Q = K, reaction is at equilibrium  
 
Calculating equilibrium concentrations of 
species after a system reacts to a stress 

• the “common ion” effect 

Page 354 – 356 
 

 
Handout: 
Equilibrium 
Problems #2 

Page 356 Q 26 to 28 (Q26d should be that 
the reaction shifts to the right) 
 
Page 370 Q 1, 2, 3, 5   
 
Complete Handout: Equilibrium Problems 
#2 
 
Review Questions on website 
Optional Text review:  Page 372 – 374:       
1 – 8, 10, 11, 13, 14, 16 – 21, 25, 26, 27a 

 



Unit 5, Lesson 01:  Driving Forces in Chemical Reactions 
 

Chemical reactions tend to move toward ____________________________ or more __________ products.   

eg.   by completing a ________________________: 
 
 
 
 
 
eg.  by rearranging electrons to form compounds with _______________________ and lower enthalpy: 
 
 
 
 
 
 

 
But, we have seen that some reactions are ______________________ and _____________ energy.  This 

means that their products have ___________ enthalpy than the reactants. How do we explain this? 

 
There is a second driving force in chemical reactions:  reactions tend to move toward ________________. 
 
Entropy (_____) refers to the _____________________ of _____________ in a system.  Energy tends to 

_____________________. The Second Law of Thermodynamics states that all systems will move toward 

_______________________________. 

 
eg. 
 
 
 
 
 
 
 
 
 

Energy from the ________ moves through space to the ____________.  

If a _______ piece of metal is placed in a container of __________ water, 

_____________ will move from the ____________ to the ___________ until 

both the metal and water are the same ______________________. 

Gas particles ______________ from areas of ________ 

concentration to areas of ____________ concentration and carry 

their ______________ with them.  

Solids ________________ in water and move out into _______________.  

The ________________________ that held the particles together is 

__________________ and _____________________ through the solution. 



Entropy (S) is often defined as the tendency toward ______________________ or ________________ in a 

system, like your room becoming messy unless you work hard to keep it tidy.  The reason objects move 

toward randomness is because this allows the ______________ in the system to spread out. 
 

In general, the more spread out the particles in a system are, the ____________ their entropy.  In order of 

increasing entropy:  _____________________________________________________________________ 

 
 
 
 

 

 

Example 1.           C5H12 (g)  +   8  O2 (g)   →   5 CO2 (g)    +     6 H2O (g)     +      3509.1 kJ 

 

 

 
Which side of the equation has lower enthalpy?  _____________  This will push the reaction ___________ 

Which side of the equation has higher entropy?  _____________  This will push the reaction ___________ 
 

Both driving forces favour the _____________, so this reaction will _______________________________ 

and is _________________________. 

 
 

Example 2.   3 O2 (g)         +          90.0 kJ           →     2 O3 (g) 
 

 

 
Which side of the equation has lower enthalpy?  _____________  This will push the reaction ___________ 

Which side of the equation has higher entropy?  _____________  This will push the reaction ___________ 
 

Both driving forces favour the _______________, so this reaction will ____________________________. 

 
 

Example 3.   Mg (s)        +        ½ O2 (g)        →     MgO (s)                  ∆H = -601.6 kJ 
 

 
 
Which side of the equation has lower enthalpy?  _____________  This will push the reaction ___________ 

Which side of the equation has higher entropy?  _____________  This will push the reaction ___________ 
 

The driving forces are acting in ________________________________.  This reaction is ______________  

and will _________________________________. 

 
 

Example 4.  SnCl4  (l)           →      SnCl2  (s)       +      Cl2 (g)               ∆H = + 195.4 kJ 
 

 
 
Which side of the equation has lower enthalpy?  _____________  This will push the reaction ___________ 

Which side of the equation has higher entropy?  _____________  This will push the reaction ___________ 
 

The driving forces are acting in ________________________________.  This reaction is ______________ 

and will _________________________________. 

So, there are two driving forces behind chemical reactions: 

1. the tendency to ________________ enthalpy (______) 

2. the tendency to ________________ entropy (______) 
 



Unit 5, Lesson 01:  Driving Forces in Chemical Reactions:  Enthalpy and Entropy 
 
1. If there are equal amounts of each of the following substances, circle the substance in each pair which has 

higher entropy: 

a) H2O (l)    or   H2O (v)    d)    CH3OH (l)    or   NH3 (g)  

b) H2S (g)    or   H2S (aq)    e)    Br2 (aq)  or Br2 (l) 

c) Ca(OH)2  (s)  or   Ca(OH)2 (aq)    f)    powdered icing sugar or sugar cubes 

 
2. Complete the following chart for the reactions as written: 

System 

Does the drive 

to LOWER 

ENTHALPY 

favour the 

reactants or 

products? 

Does the drive 

to HIGHER 

ENTROPY 

favour the 

reactants or 

products? 

Is this reaction 

reversible?  If 

not, will it 

favour the 

reactants or 

products? 

a) 2 SO2 (g)    +     O2 (g)      →      2 SO3 (g)     +     heat    

b) Cu2O (s)    +   C (s)    +   heat     →      2 Cu (s)  +  CO (g)    

c) N2 (g)    +   3 H2  (g)      →      2 NH3 (g)   +    heat    

d) CaO (s)     +      CO2 (g)     →    CaCO3 (s)   +   heat       

e) NH4 NO3 (s)   +    heat     →     NH4 NO3 (l)    

f) 4 Fe (s)    +    3 O2 (g)    →     2 Fe2O3 (s)   +   heat    

g) H2O (l)     +   heat     →      H2O (g)     

h) N2 (g)    →     N2 (s)    +    heat    

i) C5H12 (l)   +  8 O2 (g)   →   5 CO2 (g)   +    6 H2O (g)  +  heat    

j) NaCH3COO·3 H2O(s)   +  heat   →    NaCH3COO (aq)   +   3  H2O (l)    

k) 2 H2 (g)   +    O2 (g)    →  2  H2O (g)   +  heat    

l) 2  H2O (l)   +    O2 (g)     +    heat   →    2  H2O2 (l)    

m) Ca (s)   +   2 H2O (l) →    Ca(OH)2 (aq)   +   H2 (g)   +  heat    

n) HgO (s)   +  heat    →   Hg (l)  +  ½ O2 (g)    

o) 4 CO2 (g)  +   4 H2O (g)   +   heat    →   C4H8 (g)   +  6 O2 (g)    

 
3. Will the following situations favour the reactants only, the products only, or be a reversible reaction? 

a) ∆S is positive (increases) and ∆H is negative (decreases):  ___________________   

b) ∆S is negative (decreases) and ∆H is negative (decreases):  ___________________   

c) ∆S is negative (decreases) and ∆H is positive (increases):  ___________________ 

d) ∆S is positive (increases) and ∆H is positive (increases):  ___________________ 



Unit 5, Lesson 02:  Predicting the Direction of a Reversible Reaction 

 
1.   Define “spontaneous reaction”.  How is a spontaneous reaction different from a non-spontaneous one? 
 
2.   For the reaction:  2 SO2 (g)   +     O2 (g)      →      2 SO3 (g)          ∆H = –198.4 kJ,      ∆S = –188 J/K 
 

a) Is the reaction endothermic or exothermic?  Will this favour the reactants or products? 

b) Just by looking at the reaction, does entropy increase or decrease?   Why? 

c) According to the value of ∆S, does entropy increase or decrease?  Will this favour the reactants or 
products? 

d) Calculate the value of ∆G for the reaction at 900.0ºC.  Show your work. 

e) Will the reaction proceed at 900.0ºC? 
f) At what Celsius temperature will the forward and reverse reactions be equally favoured? 
 
 

3.   For the reaction:   Cu2O (s)   +   C (s)    →    2 Cu (s)  +  CO (g)  ∆H = 58.1 kJ,       ∆S = 165 J/K 
 

a) Is the reaction endothermic or exothermic?  Will this favour the reactants or products? 

b) Just by looking at the reaction, does entropy increase or decrease?   Why? 

c) According to the value of ∆S, does entropy increase or decrease?  Will this favour the reactants or 
products? 

d) Calculate the value of ∆G for the reaction at 0.0ºC.  Is the reaction spontaneous at this temperature? 

e) Calculate the value of ∆G for the reaction at 100.0ºC.  Is the reaction spontaneous at this temperature? 

 
 

4.  For the reaction:      N2 (g)   +   3 H2  (g)    →    2  NH3 (g)              ∆H = – 91.8 kJ,       ∆S = – 197 J/K 
 

a) Is the reaction endothermic or exothermic?  Will this favour the reactants or products? 

b) Just by looking at the reaction, does entropy increase or decrease?   Why? 

c) According to the value of ∆S, does entropy increase or decrease?  Will this favour the reactants or 
products? 

d) Calculate the value of ∆G for the reaction at 25.0ºC.  Show your work. 

e) Will the reaction proceed at 25.0ºC? 

f) At what Celsius temperature will the forward and reverse reactions be equally favoured? 



Unit 5, Lesson 03:  Reversible Reactions and Equilibrium 
 
There are two “driving forces” behind chemical reactions: 

1. systems tend to move toward ________________________________ 

2. systems tend to move toward ________________________________ 
 
When the driving forces act in opposite directions, the reaction is __________________.  The majority of 
reactions are reversible. 
 
Let’s go back to the Collision Theory and think about what is happening as a reaction proceeds: 

• When the reactants are first mixed, there are high concentrations of _______________ and ________ 
products present yet. 

• The collisions that occur are between ______________ molecules.  If the collisions achieve the ______, 

they will produce _____________.  The initial rate of the forward reaction is ________. 

• As the reaction proceeds, more and more _____________ molecules are present, while there are fewer 

and fewer ______________ molecules as they get used up.  The rate of the forward reaction 

____________________. 

• Now there will be collisions between ______________ & ______________ ,  ______________ & 
______________ ,  and  ______________ & ______________. 

• Sometimes, if the product molecules collide with each other, they will convert back into ____________  

molecules, so the ______________ reaction will occur.  How often these collisions are _____________ 

depends on the ______ of the reverse reaction).  At first, the rate of the reverse reaction will be ______. 

• As the concentration of product builds up, there are more and more collisions between product molecules 

and the rate of the reverse reaction _________________. 

• The reactions ____________________ happening- the particles in the system continue to move and 

collide forever.  Sometimes the reactant molecules collide and produce _____________.  Sometimes the 

product molecules collide and produce ______________. 

• Eventually the forward reactions and reverse reactions are occurring at the ___________________ so the 

products are being ________________ at the same rate that the reactants are being _____________, so 

the ________________________ of the products and reactants are _______________.  At this point, the 

system is said to be in _________________________. 

• When the _________ of the forward reaction is equal to the __________ of the reverse reaction, the 

system does not appear to be changing- it has constant ________________________ properties 

(properties we can readily observe).  But, at the molecular (_________________________) level, both 

the forward and reverse reactions are __________________________________. 

• Because the reactions never stop happening, we say that the system is in _______________ 

______________________ (dynamic means ___________________________). 

 

What is equal at equilibrium?  ________________________________________________________ 

________________________________________________ 
 

What is NOT (usually) equal at equilibrium? ___________________________________________  

________________________________________________ 
 



On a rate graph for the reversible reaction:          A(aq)  +  B (aq)   ↔   AB (aq) 

• A and B react in a single collision to produce product AB (aq) 

• if we graph the concentrations of [A], [B] and [AB] over time to create a rate graph, we see: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The slopes of the tangents to the lines represents the _________ of the reaction =  ____________________ 
 

At t = 0:  the concentrations of [A] and [B] (reactants) are _____________ 

                the concentration of [AB] is ______________ 
 

From t = 0 to about t = 3:   

• the concentration of reactants is __________ and the concentration of products is ___________ 

• the rate of the forward reaction is __________ and the rate of the reverse reaction is ___________ 
 

Gradually,  

• the concentration of reactants _______________ and the concentration of product _______________ 

• the rate of the forward reaction ______________ and the rate of the reverse reaction _____________ 
 

At equilibrium 

• the concentration of reactants is __________________ at ______________ 

• the concentration of products is __________________ at ______________ 

• the concentration of the reactants _________________________ the concentration of the product 

• the ________ that reactant is consumed is ________________ the ________ that product is formed 

• the ________ of the forward reaction ___________________ the ________ of the reverse reaction 
 

At equilibrium because the reaction is first order in all species:       

Rate forward = ______________________          Rate reverse  = __________________________ 

 

But the rate of the forward reaction _______________________ the rate of the reverse reaction 

Therefore:  _______________________________  =  _________________________________ 
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In order for a system to reach equilibrium, it must meet the following conditions: 
 

1. The reaction must be ____________________  
 

2. The system must be _____________ with respect to the 
reaction that you are considering (no _______________, 
_________________ or _______________ may leave or 
enter the system)   

 

 

eg.  for the physical change:    H2O (l)   ↔↔↔↔   H2O (g)  an open 
beaker of water can not reach equilibrium, because as the 
water evaporates, it leaves the system.  On the other hand, a sealed jar of water can reach equilibrium 
with water molecules evapourating at the same rate that they re-condense back into liquid water.   

 
3. The observable (_______________________) appearance of the system at equilibrium is constant.   

Once equilibrium is reached, its _____________________________________________________.  For  

example, for the flasks in the picture above, the water level will not change after equilibrium is reached. 

 

4. Equilibrium can be reached from ____________________________.  If we start with reactants and they 

react to form _______________, or we start with products and they form _________________, we will 

reach exactly the same equilibrium conditions. 
 

eg.  If you fill a jar with steam, seal the jar and let it condense, or put liquid water in the sealed jar and let it evaporate, 
it will reach exactly the same equilibrium point. 

 

Notes: 

Equilibrium systems are classified as __________________________ if all of the reactants and products  

are in the ___________________________________.   

Equilibrium systems are classified as __________________________ if all of the reactants and products  

are in ______________________________________.   

 

eg.  the equilibrium system:    2 H2O (l)     ↔↔↔↔    2 H2 (g)     +    O2 (g)  is ________________________ 
 

eg.  the equilibrium system:    2  NO2 (g)    ↔↔↔↔   N2O4 (g)  is __________________________ 
 

eg.  the equilibrium system:    NaCl (s)    ↔↔↔↔    Na
1+ 

(aq)   +     Cl
1- 

(aq)   _________________________ 

 
Equilibrium Systems vs. Steady State 

Open systems may have constant properties, but they are not at equilibrium, they are at a _____________  

_________.  The rate that the reactants __________ the system equals the rate that products ___________.   
 

eg. A bunsen burner is not an equilibrium system because: 

1. it is not a reversible reaction.  The reverse reaction will not occur.   

2. the system is not closed.  If no further methane or oxygen are    
supplied, the reaction stops 

so, a bunsen burner is a ________________________. 
 
Similarly, living systems need a constant input of food and constant  

removal of wastes, so biological systems are in _________________ 

___________ (homeostasis), not equilibrium. 
 

 

water level 
stays 

constant 



Unit 5, Lesson 05: Calculations Involving Keq 
 
If we know the concentrations of the reactants and products of a system at equilibrium, we can calculate the 
value for the equilibrium constant Keq (see lesson 04). 
 
 
 
 
If we know the Keq for a system at a certain temperature, we can calculate the equilibrium 
concentrations of all of the species using “ICE tables”  where: 
 

I   =  the initial concentration in mol/L 
         if necessary, calculate the concentration using the equation 
 

C  =  the change in the molar concentration as the reaction comes to equilibrium 
         remember to use stoichiometry and the molar coefficients from the balanced chemical equation 
 

E  =  the equilibrium concentration (add the Initial concentration and Change terms:  I  +  C) 
 
 
eg.  1.   For the reaction:  SO2 (g)  +  NO2 (g)   ↔   SO3 (g)   +   NO (g) 
 

2.0 mol of SO2 and 3.0 mol of NO2 are placed in a 2.0 L container and allowed to react.  At equilibrium there 
are 1.5 mol of NO present.  Calculate the value of Keq for the reaction at this temp. 
 

 SO2 (g)     NO2 (g) SO3 (g) NO (g) 

Initial concentration  
(C = n/V) 

    

Change  in concentration 
(use mole ratios) 

    

Equilibrium concentration 
(I + C) 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



eg.  2.   For the reaction:   NH4Cl (s)  ↔    NH3 (g)   +    HCl (g)           Keq =  6.0 x 10–9 at 400.0 K 
 

Solid NH4Cl is heated in a 1.00 L flask until it decomposes and reaches equilibrium at 400.0 K.  What are  
the concentrations of the products at equilibrium? 
 

    

Initial concentration  
(C = n/V) 

   

Change  in concentration 
(use mole ratios) 

   

Equilibrium concentration 
(I + C) 

   

 

 

 

 

 

 

 

 

 
eg.  3.   For the reaction:   2 HI (g)   ↔      H2 (g)    +    I2 (g)           Keq = 1.84 x 10–2 at 42˚C.   
 

If 1.0 mol of HI is placed in a sealed 1.00 L flask and allowed to come to equilibrium, what are the 
equilibrium concentrations of all species? 
 

    

I    

C    

E    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



To solve for x: 
• if there are no squared terms, just solve 

• if there are squared terms and the equation is a perfect square, take the √ of both sides, then solve  

• if the equation contains squared terms but it is not a perfect square, put the equation in the form 
( ax2  +  bx  +  c  =  0)  and solve for x using the quadratic formula: 

 
 
 

eg.  4.   For the reaction:      H2 (g)   +    I2 (g)     ↔     2 HI (g)                       Keq is 50.0 at 448ºC.  
 

How many moles of HI are present at equilibrium when 2.0 mol of H2 react with 1.0 mol of I2 in a 0.50 L 
flask at 448ºC? 
 

    

    

    

    

 



Unit 5, Lesson 06:  Summary of Types of Equilibrium Calculations, so far 
 

There are three basic problem types for equilibrium calculations, so far.  Learning to recognize each type of 
question will make it much easier to set up the ICE tables and do the calculations. 
 

A. Calculate Keq from: 

a) the final amounts or concentrations of all species at equilibrium  

b) the initial and equilibrium concentrations of some species 
 

1.  For the reaction:  N2 (g)   +   3 Cl2 (g)     ↔↔↔↔    2 NCl3 (g) 
 

A mixture of nitrogen and chlorine gases are placed in a 5.0 L container and allowed to come to equilibrium.  
At equilibrium there are 0.0073 mol of N2 (g), 0.0022 mol of Cl2 (g) and 0.95 mol of NCl3 (g) present.  
Calculate Keq for this reaction at this temperature.   

 

2.  For the reaction:  2 HBr (g)      ↔↔↔↔   H2 (g)      +      Br2 (g) 
 

1.0 mol of hydrogen bromide is placed in a 2.0-L container and allowed to decompose.  At equilibrium the 
concentration of bromine gas is 0.13 mol·L–1.  What is Keq for this reaction?      

 
 

B. Given Keq and initial amounts or concentrations of species, calculate equilibrium concentrations:  
 

3.    For the reaction:    SO3 (g)     +       NO (g)          ↔↔↔↔   NO2 (g)     +      SO2 (g)           Keq = 0.500 
 

1.2 mol of SO3 and 1.2 mol of NO are placed in a 5.00 litre container.  What will the concentration of each 
species be at equilibrium?   

 
 

C.  Given concentrations of products, determine whether the reaction is at equilibrium: 
 

4.   For the reaction:     CH4 (g)   +   2 H2S (g)        ↔↔↔↔       CS2 (g)   +   4 H2 (g)          Keq =  0.036 at 960 ºC 
 

In an experiment, there are 1.00 mole of CH4, 1.00 mole of CS2, 2.00 moles of H2S and 2.00 moles of H2 (g) 
in a 250.0 mL reaction vessel.  Is this system at equilibrium?  Show your calculations.        

 
 
 
 
 
 
 

Quick check answers: 
 

1. Keq = 3.0 x 1011 
2. Keq = 0.29 
3. [NO2] = [SO2] = 0.099 mol/L,  [SO3] = [NO] = 0.14 mol/L 
4. Q = 64.0, so not at eq’m 
 



Unit 5, Lesson 06:  Equilibrium Problems #1 
 

1)     For the reaction: CO (g)      +      Cl2 (g)         ↔↔↔↔        COCl2 (g)  
 

 0.200 moles of CO,  0.100 moles of Cl2 and 0.250 moles of COCl2  are at equilibrium in a 5.00 L container at a 
constant temperature.  

a) What is the value of Keq?       

b) Does this reaction favour the reactants or products at these conditions? 

c) Which has higher entropy, the reactants or the products? 

d) Considering your answer to part “c”, is the forward reaction endothermic or exothermic?  Why? 

e) Calculate the value for Keq for the reverse reaction.   

f) What is the relationship between the Keq forward and the Keq reverse for a reaction?  

 
2) For the reaction:    COCl2 (g)       ↔↔↔↔       CO (g)      +      Cl2 (g)           

At 100˚C the reaction has an equilibrium constant of 2.2 x 10-10.  If 1.00 mole of phosgene (COCl2) is placed in a 10.0 
L flask, calculate the concentration of carbon monoxide at equilibrium.   

 
3)     For the reaction:    H2 (g)      +      I2 (g)         ↔↔↔↔     2 HI (g)            Keq =  6.0 at a given temperature 
 

         If a scientist puts 1.0 mole of H2, 2.0 moles of I2 and 3.0 moles of HI in a 1.0 litre container, the reaction proceeds to 
the right.  At equilibrium, what are the concentrations of each species? 

  
4)     For the reaction: 2 NH3 (g)       ↔↔↔↔     N2 (g)     +      3 H2 (g) 
 

 0.90 mol of ammonia are placed in a 3.00 litre vessel and allowed to react.  At equilibrium the concentration of 
hydrogen gas is 0.30 mol·L–1.  Find the value of Keq.        

 
5)     For the reaction: PCl5 (g)          ↔↔↔↔   PCl3 (g)     +      Cl2 (g)            Keq = 0.042 
 

 How many moles of PCl5 must be reacted (put into) in a 0.500 litre flask in order to give 0.10 moles of chlorine at 
equilibrium?   

 
6)     At 1530˚C, for the reaction:    N2 (g)    +   O2 (g)       ↔↔↔↔      2 NO (g) ,    the value of Keq is  1.20 x 10–4.   
 

1.00 mole of each nitrogen and oxygen gas are combined in a 1.00 L reaction container and allowed to reach 
equilibrium.  Determine the equilibrium concentration of NO (g) at these conditions.  

 
7)     For the reaction:   2 CO2 (g)       ↔↔↔↔     2 CO (g)     +      O2 (g)       Keq = 6.40 x 10-7 at 2000˚C 

 

   If 2.00 moles of carbon dioxide are placed in a 0.500 L container and allowed to come to equilibrium: 

a) What will be the concentration of O2 ( g)  at equilibrium?   

b) How many moles of O2 (g) will be in the container at equilibrium?    

c) Does this reaction favour the reactants or products at 2000˚C?  Explain.      

d) What is the Keq for the reverse reaction at 2000˚C?       

 
8)    For the reaction:   CO (g)     +      H2O (g)    ↔↔↔↔       CO2 (g) +       H2 (g)            Keq = 1.56 at 900 K 

 

If 10.0 moles of CO (g) and 5.00 mol of H2O (g) are placed in a 5.0 L flask at 900 K, what is the composition of the 
equilibrium mixture?    

 
9)    For the reaction:     A2 (g)     +    2B (g) ↔↔↔↔       2 AB (g)            Keq =  8.22 at a given temperature 

 

If there are 1.25 moles of A2, 0.75 moles of B and 3.40 moles of AB in a 500 mL reaction vessel, is the system at 
equilibrium?  Show your calculations.   

 

 



Unit 5, Lesson 07: Le Chatelier's Principle 
 
1. Predict the direction of the equilibrium shift for the reaction below: 
  

2 SO2(g) +  O2(g)   ↔    2 SO3(g)  ∆H is negative 
 
 
a) [SO2] is increased     d)   [SO3] is decreased 

b) temperature is raised    e)  volume of the system is decreased 

c) [O2] is decreased     f)  a catalyst is added 
 
2. The system below is at equilibrium.  What will happen to the amount of NO2 (g) in the system if the 

following stresses are imposed?  Explain briefly.  
 

N2O3(g)   ↔   NO(g) +  NO2(g)     ∆H is negative 
 
 
a) an increase in the amount of N2O3     

b) a decrease in temperature 

c) the addition of a catalyst  

d) an increase in the amount of NO(g) 

e) an increase in the volume of the system   

f) an inert gas such as He is added 
 
3. Suggest five ways to produce a maximum amount of product in this system.  Explain briefly why  each 

method should be effective. 
 

   I2(g)     +    7 Cl2(g)     ↔     2 ICl7(g)  ∆H = 275 kJ 
                                
 
  
                  
 
 
 

4. For the reaction:  PCl3(g)   +    Cl2(g)     ↔     PCl5(g)   ∆H = -98 kJ 
                                
a) Write the equilibrium constant expression for this system. 

b) In which direction will this equilibrium shift if the temperature is increased? 

c) If temperature is increased, what will happen to the concentration of the product? 

d) If temperature is increased, what will happen to the concentration of the reactants? 

e) If temperature is increased, what will happen to the value of Keq?  Explain. 

f) If temperature is decreased, what will happen to the value of Keq?  Explain. 

g) If a catalyst is added, what will happen to the value of Keq?  Explain.  
 
 

5. For the reaction:  CO2(g)   +    H2(g)      ↔     H2O(g)   +    CO(g)   ∆H = +42 kJ 
 

a) Write the equilibrium constant expression for this system. 

b) In which direction will this equilibrium shift if the temperature is increased? 

c) If temperature is increased, what will happen to the concentration of the product? 

d) If temperature is increased, what will happen to the concentration of the reactants? 

e) If temperature is increased, what will happen to the value of Keq?  Explain. 

f) If temperature is decreased, what will happen to the value of Keq?  Explain. 

g) If a catalyst is added, what will happen to the value of Keq?  Explain. 
 



 
6. For the graph to the right, the reaction is:  
      N2(g) +  3 H2(g)  ↔  2 NH3(g) + 100 kJ       Keq = 0.20 
 
H2 is added to the system and a new equilibrium is established.   

At the new equilibrium, the: 

a) concentration of H2 (g) is ___________ (higher/lower/same) 

b) concentration of N2 (g) is ___________ (higher/lower/same) 

c) concentration of NH3 (g) is _________ (higher/lower/same) 

d) value of Keq is ___________ (higher/lower/same) 
 
 
7. 4 NO(g) +  6 H2(g) +  heat   ↔  4 NH3(g) +  5 O2(g) 
 
 Which of the following sets of conditions will give the 

maximum yield of NH3(g) ? 
 

a) high temperature and low pressure 

b) high temperature and high pressure 

c) low temperature and low pressure 

d) low temperature and high pressure                                 
 

8.    For the equilibrium system:       PCl3(g) +  Cl2(g)   ↔  PCl5(g)   ∆H = -98 kJ 
 
 If the temperature is decreased, which of the following changes will occur? 

a) [PCl5] increased, [PCl3] decreased and [Cl2] decreased 

b) [PCl5] decreased, [PCl3] increased and [Cl2] increased 

c) [PCl5] decreased, [PCl3] decreased and [Cl2] increased 

d) [PCl5] decreased, [PCl3] decreased and [Cl2] decreased 
                                  
9. Which will increase the eq’m concentration of ammonia?     N2(g) +  3 H2(g)  ↔  2 NH3(g) + 100 kJ 
      

a) a decrease in the total pressure at constant volume 

b) a decrease in the concentration of hydrogen 

c) a decrease in temperature 

d) an increase in the volume of the container 
                                 
10. What is the effect of adding oxygen gas to the system: 2 NO(g) +  O2(g)   ↔  2 NO2(g) 
 

a) no change in the concentration of NO(g) or NO2(g) 

b) decrease in the concentration of NO2(g) 

c) increase in the concentration of NO(g) 

d) increase in the concentration of NO2(g) 
                                
11. When hydrogen gas is added to the equilibrium system: H2(g) + I2(g)   ↔  2 HI(g) 
 

a) [I2] will decrease and [HI] will increase 

b) [I2] will decrease and [HI] will decrease 

c) [I2] will increase and [HI] will increase 

d) [I2] will increase and [HI] will decrease 
                           



Equilibrium Problems #2: Applying Le Chatelier’s Principle  
 

1. 2 HI(g)       ↔      H2(g)        +      I2(g) 
 

a) 0.97 mol of HI, 0.18 mol of H2 and 0.12 mol of I2 are at equilibrium in a 10.0 litre container.  Calculate 
the value of Keq.               

b) 0.40 mol of hydrogen iodide gas are added to this system.  In which direction will the equilibrium shift? 
c)     Calculate the concentrations of the three chemicals when the system returns to equilibrium. 

       
 
 2.    Given the reaction:    CO2 (g)     +    H2 (g)     ↔     CO (g)     +      H2O (g) 
 

At 900 ºC in a 10.0L flask, the concentration of each species is [CO] = 0.352 M,  [H2O] = 0.352 M, 
[CO2] = 0.648 M and [H2] = 0.148 M.  If 4.00 moles of water vapour are added to the equilibrium 
system, what will the concentration of each species be when equilibrium is re-established? 

 
  

3. PCl5(g)      ↔      PCl3(g)         +      Cl2(g)   K = 0.042 
 

 1.5 mol of PCl5, 0.60 mol of PCl3 and 0.60 mol of Cl2 are put into a 1-litre flask.  How many moles of 
each will be present at equilibrium?  

 
 

4. CO(g)    +     Cl2(g)       ↔       COCl2(g) 
 
 1.0 mol of each of CO, Cl2 and COCl2 are present at equilibrium in a 5-litre container. 
 How many moles of each will be present if the volume of the container is decreased to 3.00 litres and 

the system is allowed to reach equilibrium again?  
 
 
5. This is a challenging problem, just for fun.  Be sure to keep track of the mole ratios and changes in 

concentration. 
 

2 NO(g)   +    O2(g)      ↔      2 NO2(g) 
 

An equilibrium mixture in a 2.00 L container is composed of 0.24 mol of NO, 0.086 mol of O2 and 
1.00 mol of NO2. 
How many moles of oxygen would have to be added to the mixture to increase the amount of NO2 to 
1.20 moles when equilibrium is re-established? 

 

 

 

 
Quick check answers  (more detailed answers on Answers page on the web) 
1a)   Keq = 0.023,  equilibrium  shifts to the right 
1c)   [HI] = 0.13 M,  [H2] = 0.023 M,  [I2] = 0.017 M   (2 sig digs) 
 

2)    Keq = 1.29, equilibrium shifts to the left 
[CO] = 0.287 M,  [H2O] = 0.687 M,  [CO2] = 0.714 M,   [H2] = 0.214 M      (3 sig digs) 

 

3) Q > Keq, so the reaction will shift to the left (make more reactants) 
[PCl5] = 1.8 M so 1.8 moles are present,    [PCl3] = [Cl2] = 0.27 M so 0.27 moles of each species are present     (2 sig digs) 

 

4)   Keq = 5.0,  because V↓ then P↑  so equilibrium shifts to the right to reduce the number of gas molecules 
[CO] = [Cl2] = 0.28 M, so 0.84 moles of each are present in 3.0 L,  [COCl2] = 0.39 M so 1.2 moles are present in 3.0 L 

 

5)   Keq = 403.7,   don’t round yet because we are not done our calculations 

• let “x” be the amount of O2 added, the equilibrium will shift to the right 

• x = 2.24, so 2.24 moles of O2 must be added to the system for form [NO2] of 0.60 M at eq’m 

 

 


