
CHAPTER 7 PART 1: Advanced Chemical Reactions – Energy 
 
Types of Energy 
 
An object gains kinetic energy whenever a force causes it to move. Any object whose position exposes it to such “motion-
causing” forces is said to have potential energy. 
 
potential energy (PE): energy due to the location of a particle 

 
Example:  A boulder at the top of a hill has potential 

energy, because it is in a high place (off the 
floor) where the force of gravity could 
potentially cause it to start moving.    

 
Example:  An electron next to a positively charged 

nucleus has potential energy, because the 
electrostatic attraction between it and the 
nucleus could cause it to start moving. 

 
Potential energy is 
measured relative to some external “zero” point, where we define 
the object to have zero potential energy. In the example of the 
boulder, the zero point is at the bottom of the hill.  
  
kinetic energy (KE):   energy due to the motion of a particle  mathematically: ½ (mass)(velocity)2 = ½ mv2 

 
Example:  If the table is pulled out from beneath the book, the force of gravity will cause the book to fall to 

the floor. It gains kinetic energy equal to one half its mass multiplied by its velocity squared. 
 
Example:  If an electron has the chance to move closer to a positively charged nucleus, it will, gaining 

kinetic energy (speed) in the process. 
 
In chemical reactions, kinetic and/or potential energy is gained or released when chemical bonds form or break.  
 
Total Energy = Kinetic + Potential Energy 

 
The total energy of an object (or a particle like a molecule) is the sum of its current kinetic and potential energies.  
 

Energy and Chemical Reactions 
 
Transition state: The temporary, high-energy complex 
formed by two colliding reactants. (bonds between 
reactants and products are half-formed and half-broken) 
 
Eact, activation energy: energy difference between 
reactants and the higher-energy transition state. 
 
ΔH: Overall energy difference between reactants and 
products 

 H = Heat of the reaction = change in enthalpy, 

 The amount of energy released or absorbed when 
the reaction occurs. 

A boulder at the top of a hill has 
potential energy 



Endothermic and Exothermic Reactions  
 
• Endothermic: ΔH is positive. 

 
• Reactants are lower in energy than the products. 
 
• Endothermic reactions absorb heat from the 

surroundings. The surroundings (including us as the 
observers) experience a drop in energy and 
temperature.  

 
A reaction that spontaneously cools is endothermic. 
 
Heat is like a reactant in endothermic reactions.  
 
Ammonium chloride dissolving is an endothermic 
process: 
 

 NH4Cl(s)   +   HEAT       NH4Cl(aq) 
 
 
Exothermic:   
• Exothermic: ΔH is negative.  

 
• Products are lower in energy than reactants. 

 
• Exothermic reactions release heat to the 

surroundings. The surroundings experience a rise in 
energy and temperature.  

 
When a reaction beaker or test tube spontaneously heats, 
the reaction is exothermic. 
 
Heat is like a product in exothermic reactions. For 
example, sodium hydroxide dissolving is an exothermic process: 
 

NaOH(s)       NaOH(aq) +  HEAT    
 
Ex 1. In an endothermic reaction, the energy of the reactants is _______ than the energy of the products.  
 

    (less than)    (greater than) = 
 

Ex 2. If you are holding a beaker in which an endothermic reaction occurs, the beaker will feel _________ following the 
reaction.   

 
  hotter       colder       the same 

 

Ex 3. In an exothermic reaction, the energy of the reactants is _______ than the energy of the products.  
 

    (less than)    (greater than)        = 

 
Ex 4. If you are holding a beaker in which an exothermic reaction occurs, the beaker will feel _________ following the 

reaction.   
 
  hotter       colder       the same 

Endothermic 
Reaction Profile 

Exothermic Reaction 
Profile 



Ex 5: Consider the following observations of chemical reactions to determine whether the reaction described is 
endothermic or exothermic, then include heat as a reactant or as a product in each chemical equation. 

 
 1. When hydrochloric acid, HCl(aq), reacts with aqueous sodium hydroxide, NaOH(aq),  
  to produce water and a salt, NaCl(aq), the reaction beaker gets hot.  
 
  a. The reaction described is ___________.          endothermic            exothermic 
 

  b. Include heat as a reactant or product in this reaction: 
 

HCl(aq)   +    NaOH(aq)        H2O(l)   +    NaCl(aq) 
 
 
 2. When barium hydroxide, Ba(OH)2(aq), reacts with aluminum chloride, AlCl3(aq), the  
  reaction beaker gets so cold, any moisture around the beaker freezes to ice.  
 
  a. The reaction described is ___________.          endothermic            exothermic 
 

  b. Include heat as a reactant or product in this reaction: 
 

3 Ba(OH)2(aq)   +    2 AlCl3(aq)        2 Al(OH)3(s)   +    3 BaCl2(aq) 
 
 

Catalysts lower the Activation Energy of a reaction 
 
Example: Consider the reaction energy diagram: 

 
a. Write a chemical equation to represent the reaction 

shown in the energy profile above, including heat as a 
reactant or product. 

 
 
 
 
 
 
 
b. This reaction is _________. (Circle one)    
 

exothermic          endothermic 
 
 
c. The difference in energy between the reactants and the transition state is ______. 
 (Circle one) 

 

   the activation energy (Eact)          H            the catalyst 
 
 
 
d. The activation energy (Eact) of the reaction with a catalyst is _______ compared to the reaction without a catalyst. 

(Circle one)  
 

        (less than)    (greater than)             = 
 

 



e. The heat of reaction ( H) with a catalyst is _______ compared H for the reaction without a catalyst. (Circle one)    
 

        (less than)    (greater than)               = 
 
 

Free Energy  Spontaneous processes 
 
spontaneous process: takes place naturally, 
without any apparent cause or stimulus 
– e.g. ice melts in your hand, a drop of food 

coloring will spread throughout a glass of 
water 

 
nonspontaneous process: only takes place as 
a result of some cause or stimulus 
– e.g. H2O(l) can be converted to H2(g) and 

O2(g) using electricity,  
 gasoline burns after being ignited 

 
 
Why do some processes occur spontaneously, while others don’t?  
 
Exothermic processes  easy to explain 

High energy reactants move to low energy products (like a boulder rolling down a hill)  
The energy stored in bonds fuels the change 

 
Endothermic processes  much harder 
 Products have more energy than reactants; why would they react? 
 
Answer – A kind of “energy” known as entropy also drives chemical reactions.  
 
 
 

Entropy (S) 
 
S:  The amount of disorder in a system 
 
Generally speaking, all processes want to move toward higher disorder. This is not to say that all processes do this (see free 
energy, below). It is to say that when a process can become more disordered, it will. 
 
Becoming more or less disordered amounts to a change in entropy, ∆S. ∆S can be >0 or <0 
 
Examples of ∆S > 0 (more disordered):  
 

1. Solids turning to liquids, liquids turning to gases  ∆S > 0 
a. Liquids have more freedom of motion than solids; gases have more than liquids 
b. More freedom of motion  more disorder 

2. Reactants (few moles) breaking apart into products with more moles  ∆S > 0 
a. Any chemical reaction that produces a greater number of particles will have ∆S > 0 
b. More particles  more disorder 

 
 
 
 



 Free Energy (G) 
 
There are many examples of processes that apparently reduce the entropy of the universe.  
 
Examples of ∆S < 0 (more ordered):  
 

1. Liquids turning to solids, gases turning to liquids  ∆S > 0 
a. Water freezing into snowflakes (highly ordered) 
b. Crystals precipitating out of solution (from disordered dissolved state to highly ordered crystal lattice) 

2. Reactions with many moles of reactants proceeding spontaneously toward fewer moles of products  ∆S > 0 
a. Amino acids spontaneously forming into protein chains (occurs in the ribosome) 
b. CO2 and water spontaneously forming sugar molecules in the leaves of plants 

 
If entropy is a driving force, how do these processes occur? 
 
In actual fact, the change in enthalpy ∆H and the change in entropy ∆S determine whether a process is spontaneous. 
 
The joint effect of the enthalpy and entropy is called the change in free energy (∆G) of the reaction. 
 

∆G = ∆H – T∆S  
 
Spontaneous process:   ∆G < 0 (negative) 
 
Non-spontaneous process:  ∆G > 0 (positive) 

 
Ex1:  What combinations of ∆H and ∆S could result in spontaneous reactions? 
 
 
 
Ex2:  What combinations of ∆H and ∆S could result in non-spontaneous reactions? 
 
 
 
Ex 3:  Can a non-spontaneous reaction ever become spontaneous? If so, how? 


