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Unit 3: Quantities in Chemical Reactions 

6.6: The composition of Unknown Compounds 

 

Law of definite proportions 

As we know 𝐻"𝑂 molecules always comprise of 1 hydrogen atom and two oxygen atoms no 

matter what their source. It could be liquid as water, solid as ice, of gas as water vapor.  

 

A French chemist Joseph Louis Proust called this as “Law of definite proportions”.  

- He proposed that a chemical compound always contain the same proportions of 

elements by mass. For instance, the proportion of carbon and oxygen stays constant in 

carbon dioxide. 

 

Mass percent of an element: According to the law of definite proportions, all compounds have 

the same mass percent of an element, which can be calculated by:  

 

%	𝐜𝐨𝐦𝐩𝐨𝐬𝐢𝐭𝐢𝐨𝐧 = 	
𝒎𝒂𝒔𝒔	𝒐𝒇	𝒆𝒍𝒆𝒎𝒆𝒏𝒕

𝒎𝒂𝒔𝒔	𝒐𝒇	𝒄𝒐𝒎𝒑𝒐𝒖𝒏𝒅	
× 𝟏𝟎𝟎% 

 

Example: what is mass percent of hydrogen in water? 

 

Step 1: mass of 𝐻" = 2 × (1.01𝑔/𝑚𝑜𝑙) = 2.02𝑔/𝑚𝑜𝑙 

 

Step 2: mass of 𝐻"𝑂 = 18.02g/mol (Molar mass) 

 

Step 3: % mass of 𝐻" =
OPQQ	RS	TU
OPQQ	RS	TUV

× 100% = ".W"X/ORY
Z[.W"X/ORY

× 100% = 
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There will be two types of problems:  

 

1. Percentage composition from a chemical formula 

 

If you already know the chemical formula for a compound, you can calculate it’s percent 

composition 

a) Calculate the molar mass of each element and compound formula unit 

  a. Assume sample size is one mole  
  b. Multiply the molar mass of the element by its subscript in the chemical formula 

b) Divide the mass of the element by the molar mass of the compound unit and 
multiply by 100 

 

Sample problem 1: Determine the percentage composition by mass of aluminum 

hydroxide. 

 

Sample problem 2: Determine the percentage composition by mass of aspirin, 𝐶]𝐻[𝑂^. 

 

2. Percentage composition from Mass Data 

Sample problem 3: A sample of a compound that is found in gasoline has a mass of 35.8g. 

the sample contains 30.1g of carbon and 5.70g of hydrogen. What is the percentage 

composition of the compound? 

 

 

Sample problem 4: A sample of an unknown compound contains 84.05g of carbon, 5.00g 

of hydrogen, 42.02g of nitrogen, and 96.08g of oxygen. Determine the percentage 

composition of the compound.  
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Unit 3: Quantities in Chemical Reactions 

6.7 & 6.9: Empirical Formula and Molecular Formula 

 

Molecular formula: the formula for a compound that shows the number of atoms of each 

element that make up a molecule of that compound. 

 

Empirical formula: a formula that shows the smallest whole-number ratio of the elements in a 

compound.  

 

Empirical formula may or may not be the same as the molecular formula:  

- If the two formulas are different the molecular formula will always be a simple multiple 

of the empirical formula. 

- The empirical formula for hydrogen peroxide is HO 

           The molecular formula for hydrogen peroxide is H2O2 
 
More 

examples: 
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Part 1: Determine the Empirical Formula:  

Rules for determining Empirical Formulas:  

 

 

Sample problem 1: determine the empirical formula for a compound that is found by analysis to 

contain 27.37% sodium, 1.2000% hydrogen, 14.30% carbon, and 57.14% oxygen.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Practice: Determine the empirical formula for a compound that contains 69.88% of iron and 

30.12% of oxygen.   
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Part 2: Determine the Molecular formula: 

First of all, you should have empirical formula, then you use the molar masses of the empirical 

formula and the molecular formula to find the whole-number multiple, x, which related the 

empirical formula to the molecular formula.  

 

Sample problem 2: A compound with the empirical formula CH was analyzed using a mass 

spectrometer. Its molar mass was found to be 78g/mol. Determine the molecular formula.  

 

 

 

 

 

 

 

Sample problem 3: Chemical analysis indicates that a compound is 28.64% sulfur and 71.36% 

bromine. The molar mass of the compound is 223.94g/mol. Determine the molecular formula.  
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Part 3: Hydrate and their chemical formulas  

 

A hydrate is a compound that has a specific number of water molecules bound to each formula 

unit, such that 𝐶𝑢𝑆𝑂^. 5𝐻"𝑂 is copper (II) sulfate _________hydrate.  

 

An anhydrous compound has no water molecule attached.  

 

The molar mass and percent composition of a hydrate must take into account the bound water 

molecules.  

 

Sample problem 4: A 50.0g sample of hydrated barium hydroxide contains 27.2g of 

𝐵𝑎(𝑂𝐻)"(Q).calculate the percent by mass of water in hydrate barium hydroxide and find out 

how many water molecules are attached? 

 

 

 

 

 

Practice:  
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Analyzing hydrate:  

 

Since hydrates can be converted into the anhydrous form by heat, we can easily determine the 

number of water molecules bound to a salt and hence the chemical formula of the hydrate.  

AB ∙ 𝑥𝐻"𝑂(Q)
ThPi	jkkYlhQ
m⎯⎯⎯⎯⎯⎯⎯⎯o𝐴𝐵(Q) +	𝑥𝐻"𝑂(X) 

 

Sample problem 5: A 3.34g sample of the hydrate form of strontium thiosulfate has the formula 

𝑆𝑟𝑆"𝑂s ∙ 𝑥𝐻"𝑂 and contains 2.30g of the anhydrous salt. Find the percent by mass of water and 

find the value of x. 

 

 

 
 
 
 


