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Unit 6 – Kinetics and Equilibrium 

 
At the end of this unit, you’ll be familiar with the following: 
 
Kinetics: 

• Reaction Rate 
• Collision Theory 
• Reaction Mechanism 
• Factors Affecting Rate of Reaction: 

o Nature of Reactants 
o Concentration 
o Surface Area 
o Pressure 
o Catalyst 
o Temperature 

 
Thermodynamics: 

• Potential Energy Diagrams 
• Heat of Reactions 
• Endothermic Reactions 
• Exothermic Reactions 
• Activated Complex 
• Activation Energy 
• Effect of Catalyst on Reaction 
• Stability (Table I) 

 
Equilibrium: 

• Physical Equilibrium 
• Phase Equilibrium 
• Solution Equilibrium 
• Chemical Equilibrium 
• Le Chatelier’s Principle 

o Temperature Changes 
o Pressure Changes 
o Effect of a Catalyst 

• Enthalpy 
• Entropy 
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Unit 6 Kinetics and Equilibrium 

Term Definition

Activated Complex
an intermediate structure formed in the conversion of reactants to 
products. The activated complex is the structure at the maximum 
energy point along the reaction path

Activation Energy
The minimum energy required to convert reactants into products; 
the difference between the energies of the activated complex and 
the reactants

Catalyst effect on the rate 
chemical of rxn

a substance that is neither a reactant nor a product, but functions 
to speed up the rate of a chemical reaction by lowering activation 
energy/providing a shorter or “alternate” pathway

Chemical Equilibrium
in a chemical reaction, when the forward and reverse reactions are 
occurring at equal rates

Collision Theory
in order for a chemical reaction/effective collision to occur, 
particles must collide with proper energy AND proper alignment.

Concentration effect on 
the rate chemical of rxn

an increase in concentration of reactants will increase the rate of a 
chemical reaction

Endothermic Reactions
chemical reactions that consume or require energy; chemical 
reactions in which energy is a reactant

Enthalpy the heat energy absorbed or released during a chemical reaction

Entropy
a measure of the randomness or chaos associated with a 
chemical reaction

Equilibrium when two opposing processes are occurring at equal rates

Exothermic Reactions
chemical reactions that produce or release energy; chemical 
reactions in which energy is a product

Le Chatelier’s Principle
predicts that when a stress is applied to an equilibrium mixture, the 
equilibrium will shift to relieve the stress (stresses include 
temperature, pressure, concentration)

Nature of Reactants 
effect on the rate 
chemical of rxn

reactions involving ionic substances tend to have faster rates than 
reactions involving covalent substances.

Phase Equilibrium
when the processes of freezing and melting or evaporating and 
condensing are occurring at equal rates

Physical Equilibrium
when two opposing physical processes are occurring at equal 
rates; ex: phase equilibrium, solution equilibrium (saturation)

Potential Energy 
Diagrams

used to illustrated the energy lost or gained (the reaction pathway) 
for a given chemical reaction

Pressure effect on the 
rate chemical of rxn

an increase in pressure will increase the rate of a chemical 
reaction (only for reactions involving GASES!)

Reaction Mechanism
the specific set of steps/reactions involved in an overall chemical 
reaction

Reaction Rate
the speed at which reactants are converted into products in a 
chemical reaction.
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Unit 6 Kinetics and Equilibrium 

Term Definition

Solution Equilibrium
when the processes of dissolving and precipitating are occurring at 
equal rates; when a solution has reached its saturation point

Surface Area effect on 
the rate chemical of rxn

an increase in the surface area of reactants will increase the rate 
of a chemical reaction

Temperature effect on the 
rate chemical of rxn

an increase in temperature will increase the rate of a chemical 
reaction
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Collision Theory 
Read and summarize the following 

Kinetics  
Kinetics is a branch of Chemistry that studies the rate or speed of chemical reactions. There are many factors that determine 
the rate of reactions including temperature, the nature of reactants, concentration of reactants, pressure, surface area, and the 
presence of a catalyst. To understand how each of these factors affects the rate of a chemical reaction you must first 
understand the collision theory. The collision theory is one of the basic concepts of kinetics and it states that in order for a 
reaction to occur, reactant particles must collide. Collisions between particles will result in a chemical reaction if they 
collide with the proper alignment and amount of energy. The following discusses the various factors what will alter the rate 
of a chemical reaction. All of these factors affect the rate of a reaction by affecting the rate of collisions that take place 
between particles.  
 
Nature of Reactants  
All reactions involve the breaking of existing bonds and the formation of new bonds. As a general rule covalent compounds 
take more time to break down than ionic compounds. This is due to the fact that in covalent compounds more bonds must be 
broken than in ionic compounds. Relating the nature of reactants to the collision theory, the breaking of more bonds requires 
that particles have more energy when they collide, thus covalent compounds take more time to react.  
 
Concentration of Reactants  
The collision theory states that particles must collide with proper alignment and energy. Therefore, it is logical that the more 
particles that are present in a given area (which happens when you increase concentration) the more likely particles are to 
collide with one another. Therefore, as a general rule chemical reactions will proceed faster if the concentration of one or 
more of the reactants are increased.  
 
Pressure  
Pressure has little to no effect on the rate of reactions between solids and liquids. However, pressure does play a role in the 
rate of reaction among gases. As pressure is increased gases are compressed making gas particles closer together and more 
likely to collide. Therefore, an increase of pressure will increase the rate of reaction FOR GASES ONLY.  
 
Temperature  
Recall that temperature measures the average kinetic energy of particles. Therefore, the higher the temperature the faster the 
particles are moving. If particles are moving faster they are much more likely to collide. We can relate this to the collision 
theory (which says that particles MUST collide) by reasoning that a higher temperature will result in more collisions and a 
faster rate of a chemical reaction. Additionally, at a higher temperature particles are not just moving faster they also have a 
greater energy. Therefore, not only will more collisions occur, but the reacting particles will collide with more energy, 
making the collisions more effective! For example, milk will sour faster at room temperature than it does in the refrigerator.  
 
Surface Area  
When more surface area of a reactant is exposed to the air there are more chances for reactant particles to collide, therefore 
increasing the reaction rate. Given this, a finely divided powder will react more rapidly than a single lump of the same mass. 
Think about which will dissolve faster - a cube of sugar or individual granules of sugar? The granules of sugar will dissolve 
faster because they have more surface area exposed to the air or the solvent that it is being dissolved in.  
 
Catalyst  
A catalyst is a substance that is neither a reactant nor a product, but functions to speed up the rate of a chemical reaction by 
lowering activation energy. Another way of saying this is that the catalyst "provides a shorter or alternate pathway" for a 
reaction to occur. It is important to note that the catalyst does take part in a reaction, but remains unchanged when the 
reaction is complete. Your body is loaded with enzymes, which are natural catalysts that perform several important jobs like 
breaking down carbohydrates and proteins in your stomach and small intestine. 
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Collision Theory 
1. As the number of effective collisions between reacting particles increases what will happen to the rate of the 

reaction? _________________________________________________ Explain. __________________ 

________________________________________________________________________________________

________________________________________________________________________________________ 

2. Which of the following pairs of reactants will react most quickly? Be sure to give an explanation for your 

answer.  

a) sodium chloride and silver nitrate  

b) ethane (C2H6) and oxygen (O2)  

Reason: __________________________________________________________  

3. Given the reaction: 2 Mg(s) + O2(g) � 2 MgO(s)  

List four ways that you could speed up the rate of the reaction:  

1. __________________________  3. __________________________  

2. __________________________  4. __________________________  

4. Why does raising the temperature speed up the rate of reaction? __________________________________ 

_____________________________________________________________________________________ 

5. Factors that affect the rate of reaction are:  

a) _____________________________, or the substances used  

b) _____________________________, or the average kinetic energy of the molecules  

c) _____________________________, or the amount of contact between reactants  

d) _____________________________, which determines how close particles are to one another.  

e) _____________________________, which lowers the activation energy for a reaction. 

6. Explain how rate determining step and reaction rate are related. _______________________ 

____________________________________________________________________________________

____________________________________________________________________ 
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7. What is the area of chemistry concerned with the speed of reactions? ____________________________ 

____________________________________________________________________________________ 

8. Do all chemical reactions take place at the same speed? ____________ Why or why not? ____________ 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

9. Which statement most correctly describes the collision theory?  
a) if molecules collide with either proper alignment or enough energy, then a reaction will occur  
b) when molecules collide a reaction always occurs  
c) collisions between particles often result in a reaction  
d) if molecules collide with enough energy and proper alignment, then a reaction will occur  
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Heats of Reaction 
Use Table I to complete the following. 
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1. If you reverse a reaction, what happens to the magnitude of ∆H? What happens to the sign? 

2. If you double the concentration of the reactants and the products, what happens to the magnitude of ∆H? 
What happens to the sign?  

3. If the ∆H for a given forward reaction is positive, will the reverse reaction be endothermic or exothermic?  

4. If a given reaction is exothermic, will heat be found on the reactants side of the equation or the products 
side?  

5. If a given reaction is endothermic, what will be the sign for ∆H for the reverse reaction? 
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PE Diagrams 
1. Write the formula for determining ∆H  
 

 
2. A potential energy diagram is shown below Label the X and Y axes as well as the values 
indicated by letters a -- e located below the diagram. Also determine the actual values for a -- e in 
the space provided.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. activation energy for the forward reaction  
b. potential energy of the reactants for the forward reaction  
c. potential energy of the products for the reverse reaction  
d. activation energy for the reverse reaction  
e. heat of the reaction (∆H)  
f. potential energy of the activated complex  
 

3. Is the forward reaction endothermic or exothermic? _________________  
 

4. Is ∆H positive or negative for the forward reaction? _________________  
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5. Write a possible reaction for the forward reaction below (Use Table I). Include the heat of 
reaction in your overall chemical equation:  

 
 
 
 
 

6. Is the reverse reaction endothermic or exothermic? _________________  
 

7. Is ∆H positive or negative for the reverse reaction? _________________  
 

8. Write a possible reaction for the reverse reaction below. Include the heat of reaction in your 
overall chemical equation:  

 
 
 
 
 

9. What effect does a catalyst have on a reaction in terms of activation energy?  
 

_________________________________________________________________  
 

10. What effect does a catalyst have on a reaction in terms of reaction rate?  
 

_________________________________________________________________  
 

11. Which letter(s) would a catalyst change? ____________________  
 

12. Draw a dotted line on the diagram that would illustrate the general reaction path of a 
catalyst. 
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More PE Diagrams 
1. Using the graph below please draw a reaction potential energy diagram for a reaction with the 

following characteristics: 

2. Is the reaction from question #1 an endothermic or exothermic reaction? ______________________ 
3. Please identify the following on the diagram you created in question #1. Place this letter above its 

corresponding line segment on the graph and the value in the adjacent column. 

4. Using a dotted line, show how the reaction potential energy diagram would be altered upon the 
addition of a catalyst to the reaction in the graph above. 

5. If a catalyst were added, which lettered quantities, if any would change? ______________________ 
6. How would the addition of a catalyst affect the heat of reaction? 

_________________________________________________________________________________ 
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Equilibrium 
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LeChatlier’s Principle 
Le Chatelier’s Principle says that when a system at equilibrium is subjected to a stress, the system will shift its 
equilibrium in order to relieve the stress. Additionally, all the species inside the reaction either increase or 
decrease in concentration. 
Complete the following charts by writing left (�), right (�), or no shift (N/A) for the equilibrium shift that takes 
place in each column. For the concentration columns (the ones with brackets) write decreases (-), increases ( + ), 
or remains the same ( 0 ). Remember that [ ] = concentration or amount of substance (the brackets will be seen 
surrounding that particular substance. 
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LeChatlier’s Principle Q’s 
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More LeChatlier’s Principle Q’s 
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Entropy 
Determine whether the following reactions show an increase or decrease in entropy and 
specify the phase change or change in # of moles.  

 

 
1. 2KClO3(s) � 2KCl(s) + 3O2(g)  
 
2. H2O(l) �H2O(s)  
 
3. N2(g) + 3H2(g) �2NH3(g)  
 
4. NaCl(s) �Na+(aq) + Cl-(aq)  
 
5. KCl(s) �KCl(l)  
 
6. C3H8(g) + 5O2(g) �3CO2(g) + 4H2O(l)  
 
7. CO2(s) �CO2(g)  
 
8. H+(aq) + C2H3O2-(aq) �HC2H3O2(l)  
 
9. C(s) + O2(g) �CO2(g)  
 
10. 2CH3OH(l) + 3O2(g) �2CO2(g) + 4H2O(l)  
 
11. H2(g) + Cl2(g) �2HCl(g)  
 
12. Ag+(aq) + Cl-(aq) �AgCl(s)  
 
13. 2N2O5(g) �4NO2(g) + O2(g)  
 
14. 2Al(s) + 3I2(s) �2AlI3(s)  
 
15. C6H12O6(s) + 6O2(g) �6CO2(g) + 6H2O(l)  
 
16. H+(aq) + OH-(aq) �H2O(l)  
 
17. 2NO(g) �N2(g) + O2(g)  
 
18. H2O(g) �H2O(l)  
 
19. 4Al(s) + 3O2(g) �2Al2O3(s)  
 
20. 2C8H18(l) + 25O2(g) �16CO2(g) + 18H2O(l)  

 

____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
 
____________________________________  
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Review 
Fill in the blanks using the word bank provided below. Only one word in the bank is used TWICE. 
activated complex 
heterogeneous reaction 
activation energy 
homogeneous reaction 
catalyst 
kinetics 
chemical equilibrium 

Le Chatelier’s Principle 
double arrow 
potential energy 
endothermic reaction 
rate 
enthalpy 
rate-determining step 

entropy 
reaction mechanism 
exothermic reaction 
shift 
heat of reaction 
stress 

 

The branch of chemistry concerned with the rates of chemical changes is called __________________. A 

chemical change in which all the reactants are in the same phase is called a(n) ____________________________. 

One in which the reactants are in different phases is called a(n) __________________________________. A 

substance that speeds up a chemical change without being permanently altered or affecting the nature of the 

reaction is called a(n) ________________________. 

The series of steps by which reacting particles rearrange themselves to form products is called the 

____________________________. The slowest step in such a series is the _____________________________. 

A short-lived, high-energy arrangement of particles that is formed when reacting particles collide at the proper 

angle with the proper amount of energy is a(n) ________________________________. The minimum amount of 

energy needed to form this arrangement is called the _________________________________. Because this 

energy is stored inside the particles, it is an example of ___________________________. The reactants and the 

products of any reaction have different amounts of this kind of stored energy. The difference between these two 

amounts of energy is the _____________________. 

The heat content of a substance is called its ________________________. The change in this quantity that 

occurs during a chemical reaction is called the ______________________, ΔH. The sign of the quantity ΔH is 

positive in the case of a(n) _____________________________________. It is negative in the case of a(n) 

_____________________________________. 

When forward and backward reactions occur at the same __________, a state of 

_________________________________ exists. A(n) ______________________ is used in an equation to 

symbolize this state. 

When conditions such as temperature are changed, a chemical reaction is said to be placed under a(n) 

________________. Under such changing conditions, equilibrium can undergo a(n) _____________ in direction 

that tends to counteract the imposed changes. This generalization is known as 

___________________________________. The measure of the randomness of a system is its 

_______________________. 
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Unit 6 Practice Test 
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