
 

 

 

 

 

 

 

  

Unit 11: Kinetics  

and Equilibrium 
 



Name: __________________________________________  
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Potential Energy Diagram Practice

A)

B)

C)

D)

1. Which diagram represents the potential energy
changes during an exothermic reaction?

A) endothermic, with the release of energy
B) endothermic, with the absorption of energy
C) exothermic, with the release of energy
D) exothermic, with the absorption of energy

2. When a substance was dissolved in water, the
temperature of the water increased. This process is
described as

A) (PEproducts) + (PEreactants)
B) (PEproducts) - (PEreactants)
C) (PEproducts) × (PEreactants)
D) (PEproducts) ÷ (PEreactants)

3. Which expression represents the heat of reaction for a
chemical change in terms of potential energy, PE?

A) endothermic with H = +1640 kJ
B) endothermic with H = –1640 kJ
C) exothermic with H = +1640 kJ
D) exothermic with H = –1640 kJ

4. Given the balanced equation:

4Fe(s) + 3O2(g)  2Fe2O3(s) + 1640 kJ
Which phrase best describes this reaction?

A) A + B
B) B + C

C) B + D
D) C + D

5. Given the potential energy diagram representing a
reversible reaction:

The activation energy for the reverse reaction is
represented by

A) +60. kJ/mol
B) +20. kJ/mol

C) +30. kJ/mol
D) +40. kJ/mol

6. Given the equation and potential energy diagram
representing a reaction:

If each interval on the axis labeled "Potential Energy
(kJ/mol)" represents 10. kJ/mol, what is the heat of
reaction?
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A) –120kJ
B) –40kJ

C) +40kJ
D) +160kJ

7. The potential energy diagram for a chemical reaction
is shown below.

Each interval on the axis labeled "Potential Energy
(kJ)" represents 40 kilojoules. What is the heat of
reaction?

A) 1 B) 2 C) 3 D) 4

8. Given the potential energy diagram for a reaction:

Which interval on this diagram represents the
difference between the potential energy of the
products and the potential energy of the reactants?

A) The activation energy is 10. kJ and the reaction
is endothermic.

B) The activation energy is 10. kJ and the reaction
is exothermic.

C) The activation energy is 50. kJ and the reaction
is endothermic.

D) The activation energy is 50. kJ and the reaction
is exothermic.

9. Given the potential energy diagram for a chemical
reaction:

Which statement correctly describes the energy
changes that occur in the forward reaction?
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A)

B)

C)

D)

10. Given the reaction:

S(s) + O2(g)  SO2(g) + energy
Which diagram best represents the potential energy
changes for this reaction?

A) A B) B C) C D) D

11. Given the potential energy diagram of a chemical
reaction:

Which arrow represents the potential energy of the
reactants?

12. Base your answer to the following question on the
potential energy diagram below, which represents the
reaction:

A) 1 B) 2 C) 3 D) 4

Which numbered interval will change with the
addition of a catalyst to the system?
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A) the forward catalyzed reaction
B) the forward uncatalyzed reaction
C) the reverse catalyzed reaction
D) the reverse uncatalyzed reaction

13. A potential energy diagram is shown below.

Which reaction would have the lowest activation
energy? A) X + Y

B) X + W
C) X + Y + W
D) X + W + Z

14. Base your answer on the potential energy diagram
below.

The potential energy of the activated complex is
equal to the sum of

A) more often and with greater force
B) more often and with less force
C) less often and with greater force
D) less often and with less force

15. As the temperature of a reaction increases, it is
expected that the reacting gas particles collide
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Name: _________________________________________________ Date: ____________________ 

Table I and Potential Energy Diagrams 

 

1. Locate the original reactions on Table I then determine the heat of reaction (enthalpy) for the following reactions.  

2. Indicate if the reaction is endothermic or exothermic based on its ΔH. 

3. Rewrite the equation and include the energy on the correct side of the 

equation 

4. Sketch the potential energy diagram for the reaction.  

          endo/exo 

1) 2 CO (g) + O2 (g) →  2 CO2 (g)          ΔH= ___________;  ___________ 

 

 

2) NaCl (s)  → Na+ (aq) + Cl- (aq)        ΔH= ___________;  ___________ 

 

 

3)  N2 (g) + 3 H2 → 2 NH3 (g)                  ΔH= ___________;  ___________ 

 

 

4) 2 C(s) +   H2(g) → C2H2(g)                ΔH= ___________;  ___________ 

 

 

5) 2 H2(g) +  O2 (g) → 2 H2O(l)                ΔH= ___________;  ___________ 

 

 

6)  C3H8(g) + 5 O2(g) → 3 CO2(g) + 4 H2O(l)  ΔH= ___________;  ___________ 
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© Evan P. Silberstein, 2003

Chemistry: Form WS7.2.3A Name ______________________________

KINETICS AND EQUILIBRIUM Date _________________ Period _____

A Fine Mess
No matter how careful you are, your room always becomes messy. It’s not
surprising. There are very few arrangements of all your things that are
organized. There are thousands of arrangements that are disorganized.
Probability favors disorganization or randomness, also known as entropy.
In nature, high entropy is favored, yet many things that occur naturally are
quite organized. This is because nature also favors low potential energy or
enthalpy. Entropy and enthalpy sometimes conflict with each other.
Consider steam and snowflakes, both arrangements of water. Steam has very
high entropy. The particles are spread out randomly. Snowflakes have low
entropy. The particles are arranged in repeating geometric patterns. In order
to spread the particles out, as in steam, it is necessary to overcome the
hydrogen bonds that hold water molecules together. This requires a lot of
energy. As a result, water has a high boiling point. Snowflakes, therefore, have low enthalpy, while steam has high
enthalpy.

Answer the questions below based on your reading above, and on your knowledge of chemistry.

1. Dry ice is solid carbon dioxide [CO2(s)]. Carbon dioxide occurs naturally as a gas in the atmosphere [CO2(g)].

a. Which form of carbon dioxide has higher entropy?                                                                                    

b. Which form of carbon dioxide has higher enthalpy?                                                                                   

2. Gasoline burns according to the following equation: 2C8H18(R) + 25O2(g) ÿ 16CO2(g) + 18H2O(g).

a. What happens to the enthalpy during this reaction. Explain.                                                                       

                                                                                                                                                                 

                                                                                                                                                                 

b. What happens to the entropy during this reaction. Explain.                                                                        

                                                                                                                                                                 

                                                                                                                                                                 

                                                                                                                                                                 

3. For each of the following, the products have higher entropy than the reactants. Explain why.

a. H2O(s) ÿ H2O(R)                                                                                                                                      

b. 2C2H6(g) + 7O2(g) ÿ 4CO2(g) + 6H2O(g)                                                                                                 

c. I2(s) ÿ I2(g)                                                                                                                                              
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Name: Kinetics and Equilibrium Review

A) 10. kJ/mol B) 30. kJ/mol
C) 40. kJ/mol D) 60. kJ/mol

1. Given the potential energy diagram for a reversible
chemical reaction:

Each interval on the axis labeled "Potential Energy
(kJ/mol)" represents 10. kilojoules per mole. What is
the activation energy of the forward reaction?

A) an effective collision between reacting particles
B) a bond that breaks in a reactant particle
C) reacting particles with a high charge
D) reacting particles with a high kinetic energy

2. In order for a chemical reaction to occur, there must 
always be

A) lowering the activation energy
B) increasing the activation energy
C) lowering the frequency of effective collisions

between reacting molecules
D) increasing the frequency of effective collisions

between reacting molecules

3. Increasing the temperature increases the rate of a
reaction by

A) decreased temperature and decreased
concentration of reactants

B) decreased temperature and increased
concentration of reactants

C) increased temperature and decreased
concentration of reactants

D) increased temperature and increased
concentration of reactants

4. Which conditions will increase the rate of a chemical
reaction?

A) 1 gram bar of Al
B) 1 gram of Al ribbon
C) 1 gram of Al pellets
D) 1 gram of Al powder

5. Four aluminum samples are each reacted with
separate 1 M copper sulfate solutions under the same
conditions of temperature and pressure. Which
aluminum sample would react most rapidly?

A) heat of reaction B) heat of fusion
C) free energy D) activation energy

6. In a chemical reaction, the difference between the
potential energy of the products and the potential
energy of the reactants is the
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7. Base your answer to the following question on the table below, which represents the production of 50
milliliters of CO2 in the reaction of HCl with NaHCO3. Five trials were performed under different
conditions as shown. (The same mass of NaHCO3 was used in each trial.)

A) trials A and B B) trials A and C C) trials A and D D) trials B and D

Which two trials could be used to measure the effect of surface area?

A) The forward reaction is exothermic, and the
reverse reaction is always exothermic.

B) The forward reaction is exothermic, and the
reverse reaction is always endothermic.

C) The forward reaction is exothermic, and the
reverse reaction can be either exothermic or
endothermic.

D) The forward reaction is endothermic, and the
reverse reaction can be either endothermic or
exothermic.

8. Given the reaction:

A + B  C + D + heat

Which statement best describes this reaction?

A) produced an acid solution
B) produced a basic solution
C) was endothermic
D) was exothermic

9. As a result of dissolving a salt in water, a student
found that the temperature of the water increased.
From this observation alone, the student should
conclude that the dissolving of the salt

A) It is endothermic.
B) It is exothermic.
C) The potential energy of the reactants is lower

than the potential energy of the product.
D) The potential energy of the reactants is the

same as the potential energy of the product.

10. Given the reaction:

Fe + S ® FeS + energy
 

Which statement about this reaction is true?
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A) 1 B) 2 C) 3 D) 4

11. The potential energy diagram below represents the
reaction

2 KClO3  2 KCl + 3 O2.

Which numbered interval on the diagram would
change when a catalyst is added?

A) constant B) equal
C) increasing D) decreasing

12. Given the system at chemical equilibrium:

2 O3(g)  «  3 O2(g)
   

The concentration of O3 and O2 must be

A) A B) B C) C D) D

13. The potential energy diagram of a chemical reaction
is shown below.

Which letter in the diagram represents the heat of
reaction ( H)?

A) the concentrations of the reactants and products
B) the potential energies of the reactants and

products
C) the activation energies of the forward and

reverse reactions
D) the rates of reaction of the forward and reverse

reactions

14. Which factors must be equal in a reversible chemical
reaction at equilibrium?

A) Add more water. B) Add more NH3(g).
C) Cool the contents. D) Stopper the bottle.

15. The diagram below shows a bottle containing NH3
(g) dissolved in water.

How can the equilibrium,

NH3(g)  NH3(aq), be reached?

A) dissolving stops occurring
B) crystallization stops occurring
C) both dissolving and crystallization stops

occurring
D) dissolving occurs at the same rate that

crystallization occurs

16. Given the reaction:

AgI(s)  «   Ag+(aq) + I–(aq)

Solution equilibrium is reached in the system when

A) saturated B) unsaturated
C) dilute D) concentrated

17. A solution in which an equilibrium exists between
dissolved and undissolved solute must be
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A) NH3(g), only
B) N2(g), only
C) H2(g), only
D) both N2(g) and H2(g)

18. Given the reaction at equilibrium:

N2(g) +  3 H2(g)«2 NH3(g)

If the pressure is increased at constant temperature,
there will be an increase in the number of moles of

A) decreasing [SO2]
B) decreasing the pressure
C) increasing [O2]
D) increasing the temperature

19. Given the reaction at equilibrium:

2 SO2(g) + O2(g) « 2 SO3(g) + heat

Which change will shift the equilibrium to the right?

A) increase the rate of reaction
B) increase the concentration of products
C) favor the exothermic reaction
D) favor the endothermic reaction

20. For a given system at equilibrium, lowering the
temperature will always

A) decreases B) increases
C) remains the same

21. As NaCl(s) dissolves according to the equation 

NaCl(s) ® Na+(aq) + Cl–(aq),
 

the entropy of the system

A) an exothermic reaction in which entropy
decreases

B) an exothermic reaction in which entropy
increases

C) an endothermic reaction in which entropy
decreases

D) an endothermic reaction in which entropy
increases

22. Which chemical reaction will always be
spontaneous?

A) decreases B) increases
C) remains the same

23. As 1 gram of H2O( ) changes to 1 gram of H2O(s),
the entropy of the system

A) a catalyst B) an indicator
C) electrical energy D) thermal energy

24. The activation energy of a chemical reaction can be 
decreased by the addition of

A) lump B) bar
C) powdered D) sheet metal

25. At STP, which 4.0-gram zinc sample will react
fastest with dilute hydrochloric acid?

A) 25°C B) 50°C
C) 75°C D) 100°C

26. Given the reaction:

Mg + 2 H2O Mg(OH)2 + H2

At which temperature will the reaction occur at the
greatest rate?

34



27. Base your answer to the following question on the information and diagram below, which represent
the changes in potential energy that occur during the given reaction.

Given the reaction: A + B  ® C

a. Does the diagram illustrate an exothermic or an endothermic reaction?

b. State one reason, in terms of energy, to support your answer.

28. Base your answers to the following questions on the information below.

Skiers, snowmobilers, and others involved in outdoor winter recreation use disposable heat packs.
These heat packs are porous paper pouches containing sawdust, powdered carbon, sodium chloride,
powdered iron, and Zeolite . During production, this mixture is moistened slightly with water and
then sealed in an airtight plastic pack. The reaction starts when the pack is opened and the mixture is
exposed to air.

Given the unbalanced equation:

_____Fe(s) + _____O2(g)  _____Fe2O3(s)

a Balance the equation, using smallest whole number coefficients.

b If the word "energy" was added to the equation to correctly indicate the energy change in this heat
pack reaction, would the word "energy" be placed on the "reactant side" or on the "product side" of
the equation?
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29. A student wishes to determine how the rate of reaction of magnesium strips with hydrochloric acid,
HCl(aq), varies as a function of temperature of the HCl(aq). Give two additional factors, other than
the temperature, that could affect the rate of reaction and must be held constant during the
experiment.

30. Given the reaction at equilibrium:

N2(g) + 3 H2(g) 2 NH3(g) + 92.05 kJ
a. State the effect on the concentration of N2(g) if the temperature of the system is increased.

b. State the effect on the concentration of H2(g) if the pressure on the system is increased.

c. State the effect on the concentration of NH3 (g) if the temperature of the system is increased.

d. What is the H of the reaction?

e. Is the forward reaction exothermic or endothermic?

f. Sketch a potential energy diagram for the forward reaction.
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Answer Key
Kinetics and Equilibrium 2016

1. C
2. A
3. D
4. D
5. D
6. A
7. A
8. B
9. D
10. B
11. B
12. A
13. B
14. D
15. D
16. D
17. A
18. A
19. C
20. C
21. B
22. B
23. A
24. A
25. C
26. D
27. a. Endothermic

b. Examples:  -PE of
product C is greater
than PE of reactants 
A and B.
-Product C absorbed
energy and is at a
higher PE than
reactants A and B.

28. a)   4  Fe(s) +  3  O2
(g)   2  Fe2O3(s) 
b) product or right
side of the equation.

29. Acceptable
responses include,
but are not limited
to, these examples:
– the starting size
(surface area) of the
magnesium strips   
or – the
concentration of the
HCl(aq)  or – the
starting temperature
of the magnesium
strips  or – the
amount of
magnesium  or – the
nature of reactants  
or – the volume
HCl(aq)  or – the
absence/presence of
a catalyst

30. (essay)
f.

a. N2 concentration increases.
Reaction shifts to the left to absorb excess 
energy endothermically (reverse direction is 
endo.) so the concentration of N2 increases 
since N2 is a product in reverse direction.
 

b.H2 concenration deceases.
Reaction shifts forward towards the side of 
less gas molecules to relieve the increase in 
pressure.
 

c.NH3 concentration decreases 
(reaction shifts left- see explanation of a)
 

d. -92.05 kJ 
(energy is in the forward reactions' products)
 

e. The forward reaction is exothermic   
(energy is with the products)
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