
Chemical Reactions 

•  Chemical reactions occur when 

- One substance is combined with another  
•  Atoms are rearranged in molecules [Na+Cl-] 
•  Or small molecules combine to form larger molecules  

- One substance is broken down into another substance  
•  Molecules are split into atoms or smaller molecules  

•  In most chemical reactions 
- Chemical bonds are broken and new bonds form 
- This event is called a coupled reaction. 



How Do Chemical Reactions Happen?  
• Chemical reactions have reactants and products   

-  For example: 

 
CO2(g) + H2O(l)         H2CO3(aq) 

 
• Chemical equilibrium occurs 

-  forward and reverse reactions proceed at the same rate  
-  The quantities of reactants and products remain constant 

• Add more CO2 
- Drives the reaction to the right, more H2CO3 is made ! 

• Add more H2CO3  

- Drives the reaction to the left " 
• Remove CO2? 

Carbonic acid 



How Do Chemical Reactions Happen?  

 

• Chemical equilibrium can be altered by 
temperature change 

                       H2O(l)        H2O(g) 

-  Add heat to the system  
-  Heat is absorbed       H2O(l) ! H2O(g) 

• Endothermic reactions must absorb heat to proceed 

• Exothermic reactions release heat 
- Cool the system 

- Drives the reaction to the right ! 



What Is Energy?  

• Energy is the capacity to  
- 1. do work or  
- 2. supply heat  

• This capacity exists in one of two ways: 
-  1. As a stored potential   
-  2. As an active motion (kinetic). 



Potential Energy 

• Potential energy 
- Stored energy 
- An object’s position determines its ability to store 
energy, for example 
•  Electrons in an outer shell (farther from the + 

charged nucleus) have more potential energy than do 
electrons in an inner shell   

Electrons have the 
greatest potential energy 
in the outermost electron shells 

Nucleus 1st 2nd 3rd Electron shells 



Kinetic Energy 

• The kinetic energy or thermal energy 
- Is energy of movement   
- Is measured as temperature 
 
- If an object has a low temperature: 
•  Its molecules are moving slowly 
• We perceive this as “cold” 

- If an object has a high temperature:  
•  Its molecules are moving rapidly 
• We perceive this as “hot”   

- When ”cold” meets “hot”  
• Energy transferred = Heat. 



First Law of Thermodynamics 

• The first law of thermodynamics   
- Energy is conserved 
- It cannot be created or destroyed  
- It can be transferred or transformed 
• Released energy 
- 1. Heat  
- 2. Light 



What Makes a Chemical Reaction Spontaneous?  

• Chemical reactions are spontaneous if 
-  They proceed without any continuous external influence  
-  No added energy is needed 

• Spontaneity of a reaction is determined by two 
factors: 

1.  The amount of potential energy 
•  Products have less potential energy than the reactants 

2.  The degree of order 
•  Products are less ordered than the reactants. 



The Second Law of Thermodynamics 

• The second law of thermodynamics 
-  Entropy always increases  
-  Chemical reactions result in products with 
•  1. Less ordered energy 
•  2. Less usable energy 

• Entropy (S) 
-   The amount of disorder in a group of molecules 

• Physical and chemical processes proceed in the 
direction that results in  
- 1. lower    potential energy, and  
- 2. increased     disorder. 


