
Skill Building  
UNDERSTANDING AND BALANCING EQUATIONS 
 
Equations are the language of chemistry, and they are important in helping us understand how 
atoms and molecules form new substances. It has been said many times that chemistry is a 
quantitative science. Chemistry is also a very precise science. Atoms combine to form molecules 
in definite ratios. Substances react in definite ratios to form new materials. Atoms and molecules 
are very small and difficult to count individually, so the idea of a mole was developed. 
 
Understanding Chemical Equations 
One way to describe a chemical reaction can be described by writing an English sentence. 
 
When ethanol burns in the presence of sufficient oxygen, the products are carbon dioxide and 
water. 
  
Another way is to write a word equation using the chemical names of the reactants and products. 
The arrow here is often read “yields,” but it can also be thought of as an equal sign. 

Ethanol + oxygen → carbon dioxide + water 
 
While a word equation does provide us with additional information, replacing the chemical names 
with formulas and indicating the physical states of each substance is even more descriptive and 
specific. 

C2H5OH(l) + O2(g) →  CO2(g) + H2O(l) 
  
However, a chemical sentence is not an equation until it is balanced. The law of conservation of 
matter states that in a chemical reaction, matter is neither created nor destroyed. That means the 
number of atoms of each type must be the same on both sides of the equation. The following 
chemical equation shows a balanced chemical equation. Count the number of carbon atoms, 
hydrogen atoms, and oxygen atoms to be sure. 

C2H5OH(l) + 3 O2(g) → 2 CO2(g) + 3 H2O(l) 

Reactant Side            → Product Side 

2 carbon atoms 2 carbon atoms 

6 hydrogen atoms 6 hydrogen atoms 

7 oxygen atoms 7 oxygen atoms  

 

Balancing Chemical Equations 
You changed coefficients in order to obtain the same number of atoms of each element on the 
reactant side as on the product side. For some equations, this process may be tedious. Presented 
below is an alternative method for balancing equations. This method uses the law of conservation 
of matter and simple algebra. 
 
Let’s take another look at an unbalanced chemical sentence: 

 
? C2H5OH(l) + ? O2(g) →? CO2(g) + ? H2O(l) 

  

 



We know that when this equation is balanced it will have specific values for the coefficient of 
each reactant and product. We do not know the value of these. For each unknown we can assign a 
variable: 

 
a C2H5OH(l) +b O2(g) →  c CO2(g) + d H2O(l)  

  
We can now write an algebraic expression for each element in this reaction. When the equation is 
balanced, the number of carbon atoms on the reactant side must be equal to the number of carbon 
atoms on the product side (law of conservation of matter). 
 On the reactant side there are 2a carbon atoms (we multiply the coefficient by the subscript). 
On the product side there are 1c, or c, carbon atoms, so we can say: 

Carbon atoms: 2a = c 

 Repeating this process for each element in the reaction we obtain the following: 
Hydrogen atoms: 6a = 2d 

Oxygen atoms: a + 2b = 2c + d 

 At this point, we assign one of the variables the value of 1 and solve for the remaining 
variables. Generally, it is best to assign the value of 1 to the variable for the most complicated 
compound. Since a is assigned to C2H5OH, choose a = 1. 

So if a = 1, then 2(1) = c and c = 2. 

And 6(1) = 2d, so d = 3 

Finally 1 + 2b = 2(2) + 3, 

so when you solve for b, b = 3 

 Substitute the numerical values into the chemical equation and count atoms to ensure that the 
equation is balanced. 

1 C2H5OH(l) + 3 O2(g) →  2 CO2(g) + 3 H2O(l) 

Example 1 
Balance the following equation:  

SiO2(s) + HF(aq) →  SiF4(g) + H2O(l) 

Step 1: Assign variables for coefficients for each reactant and product: 
a SiO2(s) + b HF(aq) →  c SiF4(g) + d H2O(l) 

 
Step 2: Write algebraic equations for the number of each element on each side of the 
equation: 

Silicon atoms: a = c 
Oxygen atoms: 2a = d 
Hydrogen atoms: b = 2d 
Fluorine atoms: b = 4c 
 

Step 3: Assign one of the variables the value of 1: 
a = 1 

 
Step 4: Solve for the other variables using the assignment made in Step 3. 



If a = 1, then c = 1, 
and d = 2, 
and b = 4. 

 
Step 5: Substitute these values into the equation and check: 

1 SiO2(s) + 4 HF(aq) →  1 SiF4(g) + 2 H2O(l) 
(NOTE: The coefficient that has a value of 1 is understood and is generally not written. It was written in 
the previous examples only for emphasis.) 
 
Example 2 

Balance the following equation:  
C2H6(g) 1 O2(g) →  CO2(g) 1 H2O(g) 

Step 1:  
a C2H6(g) + b O2(g) →  c CO2(g) + d H2O(g) 

 
Step 2:  

Carbon atoms: 2a =c 
Hydrogen atoms:  6a = 2d 
Oxygen atoms: 2b = 2c + d 

 
Step 3:  

a = 1 
 
Step 4:  

If a = 1, then c = 2, 
d = 3, 
b = 7/2. 

Occasionally we obtain a fraction as a solution. If this occurs, we multiply all the variables by a 
common factor to eliminate fractions. 

a = 1 × 2 = 2 
c = 2 × 2 = 4 
d = 3 × 2 = 6 
b = 7/2 × 2 = 7 

Step 5:  
2 C2H6(g) + 7 O2(g) →  4  CO2(g) + 6 H2O(g) 



Skill Building  
UNDERSTANDING AND BALANCING EQUATIONS 
Practice Exercises 
 
Balance the following equations. 
 
1.      Zn(NO3)2     +    (NH4)3PO4    →       Zn3(PO4)2    +     NH4NO3 
 

 

 
 
 
2.       Al    +     O2     →       Al2O3 
 

 

 
3.       C4H10     +      O2      →     CO2     +     H2O 
 

 
 

 
4.        Fe     +     H2O     →     Fe3O4     +    H2 
 

 

 
 

 
5.      Fe2O3      +      CO      →      Fe       +      CO2 
 

 
 

 
6.       Sn      +      AgCl        →        SnCl2        +       Ag 
 

 

 

 



7. Write balanced chemical equations for the reactions that occur in each of the following 
situations. 
a. The copper ore, chalcocite (aka: copper (I) sulfide) reacts with copper (I) oxide to yield 

pure copper and sulfur dioxide. 
 
 

 

 
 

 b. When aqueous copper sulfate reacts with aqueous sodium carbonate, solid copper 
carbonate forms and aqueous sodium sulfate. 

 

 
 

 

 
 

 

 
c. When table sugar (C12H22O11) is heated, water vapor and elemental carbon form. 


