Chemical Reactions

Chemical Vs. Physical Changes 
I. Physical Changes
a. Affect only the physical properties of a substance.  A new substance is not created, for example: if frozen (solid) water melts into liquid water it is still H2O, a new substance has not been created.
b. Size, shape, and state.  
II. Chemical Changes
a. The result of chemical reactions.  A new substance is created, for example: if methane (CH4) reacts with Oxygen (O2) then Carbon dioxide (CO2) and Water (H2O) are created – both of which are two new substances that were not present before the reaction took place.
b. Breaking of bonds in one or more substances, and the reforming of new bonds to create new substances.
Chemical Equations

I. What happens during a chemical reaction

a. A chemical reaction involves a rearrangement of atoms in one or more reactants to form one or more products.  

b. Chemical equations describe chemical reactions.

c. In a chemical reaction:  Reactants are the substances that change.  Products are the substances that form.
II. A chemical reaction:  Methane and Oxygen react creating Carbon dioxide and Water

a.                   CH4   +    2O2   (   CO2    +    2H2O

b.                        (reactants)                (products)

c. The “4” in CH4 is a subscript detailing how many hydrogen atoms are present in this molecule.
d. The “2” in front of the O2 is a coefficient describing how many molecules of O2 are present.
Chemical Reactions

I. Energy in Reactions

a. Exothermic reactions – less energy is required to break the bonds in the reactants than is released when bonds are formed to make new products.

i. In an exothermic reaction, energy is released as a product of the reaction.
b. Endothermic reactions – more energy is required to break the bonds in the reactants than is released from the formation of new bonds in the products

i. In an endothermic reaction, more energy is consumed than produced during the reaction.
II. Rate (speed) of Chemical Reactions

a. Concentration – higher concentration of chemicals increases reaction rate, a lower concentration of chemicals decreases reaction rate.

b. Surface area – more surface area increases reaction rate, less surface area decreases reaction rate

c. Temperature – high temperature increase reaction rate, low temperature decreases reaction rate

d. Catalyst – is a chemical that increases reaction rate

e. Inhibitor is a chemical that decreases reaction rate

The law of Conservation of Mass – The total mass of the products of a reaction is equal to the total mass of the reactants.  In a chemical reaction mass is not created nor destroyed, only changed. 
I. Classifying Reactions

a. Addition reactions – two or more substances combine to form a new compound.

i. Example:  Fe + O2 ( Fe2O3
ii. General Equation: A + B ( AB
b. Decomposition reactions – a singe compound is broken down to produce two (or more) smaller compounds is called a decomposition reaction.

i. Example: 2H2O ( 2H2 + O2
ii. General Equation: AB ( A + B
c. Single displacement reactions – one element replaces a similar element in a compound

i. Example: Fe + CuCl2 ( FeCl2 + Cu

ii. General Equation: AX + B ( BX + A
d. Double displacement reactions – ions from two compounds in solution exchange places to produce two new compounds

i. Example: Pb(NO3)2 + 2 KI ( PbI2 + 2K(NO3)

ii. General Equation: AB + CD ( AD + CB
e. Combustion reactions – a substance combines with oxygen to release energy in the form of light and heat

i. Example: CH4 + 2O2 ( CO2 + H2O

ii. General Equation: Carbon Compound + O2 ( CO2 + H2O
f. Acid-Base reactions – this is a special kind of double displacement reaction that takes place when an acid and a base react.  The H+ ion in the acid reacts with the OH- ion in the base, causing the formation of water and an ionic salt

i. Example: HBr + NaOH ( NaBr + H2O

ii. General Equation: HA + BOH ( H2O + BA
1. Acids are substances that donate H+ ions (or produce H+ ions in aqueous solutions)
2. Bases are substances that accept H+ ions (or produce OH- ions in aqueous solutions)
II. Predicting the products of a reaction

a. Write the chemical formulas for the reactants as well as the ions for each particle
b. Identify the type of reaction

c. Predict the products and write their chemical formula

d. Write and balance the complete equation.
III. Balancing Chemical Equations

a. The Law of Conservation of Mass/Energy states that mass/energy cannot be created nor destroyed in a chemical reaction.  Therefore, a properly balanced chemical equation must show the same number of atoms (of any given element) on both sides of the equation.

IV. An Example of Balancing a Chemical Equation (for the combustion of methane)

a. ?CH4 + ?O2 ( ?CO2 + ?H2O

i. Identify the elements in the equation.  Carbon (C), Hydrogen (H), and Oxygen (O).

b. Pick one element to start with.  In this example we will start with Hydrogen (H).

i. We have 4 H in CH4 yet only 2 H in H2O.  Because of this we need to double the coefficient of H2O to balance H.

ii. This produces the new equation: 1CH4 + ?O2 ( ?CO2 + 2H2O

c. Next step: look at Carbon (C), you can see that CH4 and CO2 must have the same coefficient because there is only 1 Carbon atom in each of those molecules.

i. This produces the new equation: 1CH4 + ?O2 ( 1CO2 + 2H2O

d. Finally, determine the coefficient for Oxygen (O).  You can see we need to double the O2 coefficient in order to get 4 O as seen on the product (right) side of the reaction.
i. This produces the new equation: 1CH4 + 2O2 ( 1CO2 + 2H2O

ii. Double check the numbers:

1. 1 Carbon, 4 Hydrogen, and 4 Oxygen atoms on the reaction side (left).

2. 1 Carbon, 4 Hydrogen, and 4 Oxygen atoms on the product side (right).

3. This equation is balanced.

iii. It is standard to drop a coefficient of 1 so the final equation would look like this:

1. CH4 + 2O2 ( CO2 + 2H2O
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