BALANCING CHEMICAL EQUATIONS

Learning Outcomes
· I can balance chemical equations.

Chemical Equations
· When two or more chemicals are combined, they may react to form new substances that have properties different from the original chemicals
· The initial chemicals are called the reactants and the final chemicals are called the products

Reactants  Products		* the “” means yields

· These chemical reactions can be written two ways
1. Word Equation
· Uses the full spelling of each chemical reactant and product
· Example:	sodium + oxygen  sodium oxide
2. Symbolic / Formula Equation
· Uses the chemical formulas for the reactants and products
· Example:	Na + O2  Na2O

The Law of Conservation of Mass
· First stated by French chemist Antoine Lavoisier (1743-1794)
· States that mass is conserved in a chemical reaction; the mass of the reactants equals the mass of the products
· Since matter cannot be created nor destroyed, then the all of the atoms in the reactants must exist as atoms in the products

Balancing Chemical Equations
· Chemical equations are balanced to show that the total number of each type of atom is equal on both sides of the chemical equation
· Example:	lithium + phosphorus  lithium phosphide
1. Write out the full formula equation (also called skeleton equation because it is not yet balanced).
[bookmark: _Hlk216691511][bookmark: _GoBack]Li + P  Li3P

2. Starting with the first element, write out more of it on the side that is lowest.  Do this for all of the elements.
	Li + P
	
	Li3P

	
	
	Li
	
	
	
	

	
	
	Li
	
	
	
	



3. Write a number in front of each element or compound to indicate how many times it was written.  This is called a coefficient (or multiplier).
	3 Li + 1 P
	
	1 Li3P

	
	
	Li
	
	
	
	

	
	
	Li
	
	
	
	



4. Since the number of each atoms on both sides are equal, the equation is balanced.

· Sometimes, you will need to go back and rebalance an atom.
· Example:	sodium + oxygen  sodium oxide
1. Write out the skeleton equation.
Na + O2  Na2O

2. Determine the number of atoms on each side of the equation.
	Na + O2
	
	Na2O

	
	
	Na
	
	
	
	



1. Balance the second atom (O) and recount total.
	 Na + O2
	
	Na2O

	
	
	Na
	
	Na2O
	
	



2. Rebalance the first atom (and any other if necessary).
	Na + O2
	
	Na2O

	
	
	Na
	
	Na2O
	
	

	
	
	Na
	
	
	
	

	
	
	Na
	
	
	
	



3. Write in the coefficients.
	4 Na + 1 O2
	
	2 Na2O

	
	
	Na
	
	Na2O
	
	

	
	
	Na
	
	
	
	

	
	
	Na
	
	
	
	



Practice Problems:
1. List the total number of each type of atoms in the following reactants.
	a. 2 H2O + 2 NaF
	b. 3 Br2 + 2 FeI

	c. Pb(NO3)2 + 2 NaI
	d. 2 K3PO4 + 3 (NH4)2SO4



2. Balance the following chemical equations.
a. __H2 + __N2  __NH3
b. __Fe + __Br2  __FeBr3
c. __NaI + __AlCl3  __NaCl + __AlI3
d. __Li + __Br2  __LiBr
e. __CH4 + __O2  __CO2 + __H2O
f. __PbO  __Pb + __O2
g. __Na4C + __Ca  __Na + __Ca2C
h. __C3H8 + __O2  __CO2 + __H2O



· If there is the same polyatomic ion on both sides of the equation, it is easiest to think of it as a single unit.  Replace it with a single letter, then balance the equation.
· Example:	Li2SO4 + Al  Li + Al2(SO4)3
1. Re-write the chemical equation substituting out the polyatomic ion.
Li2X + Al  Li + Al2(X)3

2. Balance the first atom (Li).
	Li2X + Al
	
	Li + Al2(X)3

	
	
	
	
	Li
	
	




3. Balance X and recount.
	Li2X + Al
	
	 Li + Al2(X)3

	
	Li2X
	
	
	Li
	
	

	
	Li2X
	
	
	
	
	

	
	
	
	
	
	
	



4. Re-balance Li and recount.
	 Li2X + Al
	
	 Li + Al2(X)3

	
	Li2X
	
	
	Li  Li
	
	

	
	Li2X
	
	
	Li  Li
	
	

	
	
	
	
	Li  Li
	
	



5. Balance Al and recount.
	 Li2X +   Al
	
	  Li + Al2(X)3

	
	Li2X
	Al
	
	Li  Li
	
	

	
	Li2X
	
	
	Li  Li
	
	

	
	
	
	
	Li  Li
	
	



6. Substitute back in the polyatomic ion and write in coefficients.
	3 Li2SO4 +   2 Al
	
	  6 Li + 1 Al2(SO4)3

	
	Li2X
	Al
	
	Li  Li
	
	

	
	Li2X
	
	
	Li  Li
	
	

	
	
	
	
	Li  Li
	
	









· If the polyatomic ion on both sides is not the same, each element has to be counted separately.
· Example:	Li2SO4 + Al  Li2O + Al2(SO3)3

1. Determine the number of atoms on each side of the equation.
	Li2SO4 + Al
	
	Li2O + Al2(SO3)3

	
	Li:
	2
	
	Li:
	2
	

	
	S:
	1
	
	S:
	3
	

	
	O:
	4
	
	O:
	1 + (3 x 3) = 10
	

	
	Al:
	1
	
	Al:
	2
	



2. Li is balanced. Balance S and recount.
	3 Li2SO4 + Al
	
	Li2O + Al2(SO3)3

	
	Li:
	2
	
	Li:
	2
	

	
	S:
	1 x 3 = 3
	
	S:
	3
	

	
	O:
	4
	
	O:
	1 + (3 x 3) = 10
	

	
	Al:
	1
	
	Al:
	2
	



3. Rebalance Li and recount.
	3 Li2SO4 + Al
	
	 3 Li2O + Al2(SO3)3

	
	Li:
	2 x3 = 6
	
	Li:
	2 x 3 = 6
	

	
	S:
	1 x 3 = 3
	
	S:
	3
	

	
	O:
	4
	
	O:
	1 + (3 x 3) = 10
	

	
	Al:
	1
	
	Al:
	2
	



4. O is balanced.  Balance Al and recount.
	3 Li2SO4 + 2 Al
	
	 3 Li2O + Al2(SO3)3

	
	Li:
	2 x3 = 6
	
	Li:
	2 x 3 = 6
	

	
	S:
	1 x 3 = 3
	
	S:
	3
	

	
	O:
	4 x 3 = 12
	
	O:
	 (3 x 1) + (3 x 3) = 12
	

	
	Al:
	1 x 2 = 2
	
	Al:
	2
	




Practice Problems:
1. __Ca(NO3)2 + __Cu2SO4  __CaSO4 + __CuNO3
2.  __Mg(ClO4)2 + __ Na  __NaClO4 + __Mg
3. __PbCl4 + __K3PO4  __KCl + __Pb3(PO4)4
4. __Na2CO3 + __Cr(NO3)3  __NaNO3 + __Cr2(CO3)3
5. __K2SO4 + __AgNO3  __Ag2SO4 + __KNO3
6. __Ca(OH)2 + __HCl  __CaCl2 + __H2O
