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Chemistry 101 

Chapter 8 

Chemical Composition 
 

 

Atomic mass unit (amu): a unit of the scale relative masses of atoms (1 amu = 1.66×10
-24 

g). 

 

Atomic weight (Atomic mass): the atomic weight of an element given in the periodic table is 

a weighted average of the masses (in amu) of its isotopes found on the earth. 

 

 
 

Counting atoms by weighing: we can count atoms by weighing samples of atoms (using the 

mass). For example, we need to calculate 5.03×10
30

 amu chlorine has how many chlorine 

atoms. We know that an average chlorine atom has the mass 35.45 amu, so we can compute 

the number of chlorine atoms by using the equivalence statement: 

 
1 Chlorine atom = 35.45 amu 

 

To construct the appropriate conversion factor, 
 

1 Chlorine atom 
 
 

The calculation is carried out as follows: 

 

 

Therefore, all the elements as found in nature typically consist of a mixture of various 

isotopes. So to count the atoms in a sample of a given element by weighing, we must know 

the mass of the sample and the average mass for that element (atomic weight). 

 

Formula and molecular weight: formula weight (FW) of a compound is the sum of the 

atomic weights in atomic mass units (amu) of all atoms in the compound’s formula (for both 

ionic and covalent compounds). The molecular weight (MW) is the same as the formula 

weight; however, it is only used for the covalent compounds. 

 

Note: the term “Formula” can be used for both ionic and covalent compounds (formula of 

NaCl). However; the term “Molecule” is strictly correct only when used covalent compound 

(molecule of H2O). 

 
MW of H2SO4:  2×(1 amu) for H + 1×(32 amu) for S + 4×(16 amu) for O = 98 amu  
 
MW or FW of AlCl3:  1×(27 amu) for Al + 3×(35.5 amu) for Cl = 133.5 amu 
 

Cl 
35.45 

Atomic number 

Atomic weight 

17 

35.45 amu 
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Mole (mol): is the amount of substance that contains as many atoms, molecules, or ions as 

there are atoms in exactly 12g of carbon-12. Mole is the formula weight of a substance 

expressed in grams. 

 

FW of NaCl = 58.5 amu → 58.5g of NaCl = 1 mole of NaCl 

MW or FW of AlCl3 = 133.5 amu → 133.5g of AlCl3 = 1 mole of AlCl3 

 

Avogadro’s number (6.022××××10
23

): number of formula units in a mole. 

 

1 mole of hydrogen atoms = 6.022×1023 atoms of hydrogen 

1 mole of water molecules = 6.022×1023 molecules of water 

1 mole of Na+ ions = 6.022×1023 ions of Na+ 
 

Molar mass: is the mass of one mole of the substance expressed in grams. We can say that it 

is the formula weight of a compound expressed in grams. 

 

Formula weight of H2O = 18 amu → molar mass = 18 g (mass of 1 mole H2O) 

Formula weight of NaCl = 58.5 amu → molar mass = 58.5 g (mass of 1 mole NaCl) 
 

Calculating moles and number of molecules from mass: the molar mass is obtained by 

summing the masses of the component atoms. By using the molar mass and having the mass 

of a sample, we can calculate the moles and number of molecules of that sample. 

 

Example: we have a sample of NaCl and its weight is 104g. How many moles and how many 

molecules does this sample represent?  

 

First of all, we need to find the formula weight (molar mass is the formula weight of the 

substance expressed in grams): 

 
FW of NaCl: 1×(23 amu) for Na + 1×(35.5 amu) for Cl = 58.5 amu NaCl 

 

We know:   1 mole of NaCl = 58.5 g NaCl 

 

 

 

 

 

Also we know:  1 mole of NaCl = 6.02×1023 molecules of NaCl 

 

 

 

Mass Percent: it is often useful to know a compound’s composition in terms of the masses of 

its elements. We can obtain this information from the formula of the compound by comparing 

the mass of each element present in 1 mole of the compound to the total mass of 1 mole of the 

compound: 
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Example: calculate the mass percent of each element in glucose (C6H12O6). 

 

Note from its formula that each molecule of glucose contains six carbon atoms, twelve 

hydrogen atoms, and six oxygen atoms. We calculate the mass of each element present and 

the molar mass for glucose as follows: 
 

 

 

The mass percent (weight percent) of each element in glucose can be computed by comparing 

the mass of that element in 1 mole of glucose with the total mass of 1 mole of glucose (molar 

mass) and multiplying the result by 100%. 
 

 

 

Fining formula of a compound: to determine the formula of a substance we need to count 

the atoms. We can do this by weighing. We have just learned how to convert the masses to 

numbers of atoms by using the atomic mass of each element. Therefore, we convert the mass 

of each element to the number of moles of that element and then, number of moles to the 

number of atoms of that element. 

 

Example: a compound was analysed and was found to contain the following masses of 

elements by mass: carbon, 0.0806 g; oxygen, 0.1074 g; hydrogen, 0.01353 g. Calculate the 

formula of the compound:  

 

 

We know: 

1 Mole of a substance has 6.02×1023 formula unit 
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Compound contains the same number of C and O atoms and there are twice as many H atoms 

as C atoms or O atoms. We can reperesent this information by the formula CH2O, which 

expresses the relative numbers of C, H, and O atoms present (1:2:1). 

 

Empirical Formula (simplest Formula): the formula of a compound that expresses the 

smallest whole-number ratio of the atoms present (relative numbers) is called the empirical 

formula. 

 

How to calculate an empirical formula: 
 

1. Find the mass of each element (in grams). 

2. Determine the numbers of moles of each type of atom present (using atomic mass). 

3. Divide the number of moles of each element by the smallest number of moles to 

convert the smallest number to 1. If all of numbers so obtained are integers (whole 

numbers), these numbers are the subscripts in the empirical formula. If no, we go to 

step 4: 

4. Multiply the numbers that you obtained in step 3 by the smallest integer that will 

     convert all of them to whole numbers (always between 1 and 6). 

 

Example: a compound was analysed and was found to contain the following percentages of 

the elements by mass: barium, 98.55%; hydrogen 1.44%. Determine the empirical formula of 

the compound. 

 

Step 1: If we consider that we have a 100.00 g sample, we have 98.55 g Ba and 1.44 g H.  

Step 2: We use the atomic mass to calculate moles: 

 

 

Step 3: Divide the number of moles of each element by the smallest number of moles. 

 

 

The numbers are whole numbers, so the empirical formula is BaH2. 
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Example: a compound was analysed and was found to contain the following masses of the 

elements: aluminium, 4.151 g; oxygen 36.692 g. Determine the empirical formula of the 

compound. 

 

Step 1: we know the mass of each element. 

Step 2: We use the atomic mass to calculate moles: 

 

 

Step 3: Divide the number of moles of each element by the smallest number of moles. 

 

 

 

Because one of the numbers (1.5) is not an integer (whole number), we go to step 4. We 

multiply both numbers by 2 to get integres. 

 

1.00 Al × 2 = 2 Al atoms 

1.50 O × 2 = 3 O atoms 

 

This compound contains 2 Al atoms for every 3 O atoms, and the empirical formula is Al2O3. 

 

 

Calculation of molecular formulas: empirical formula is the simplest form of a formula. 

The subscripts are the relative numbers in an empirical formula. To obtain the molecular 

formula we must know the molar mass. 

 

The molecular formula contains a whole number of empirical formula, where n is a small 

whole number: 

 

Molecular formula =  n × empirical formula 

 

Molar mass  =  n × empirical mass 

 

 

 

 

 

Example: a compound having a molar mass of 98.96 g has the following percentage 

composition by mass: chlorine, 71.65%; carbon, 24.27%; hydrogen, 4.07%. Determine the 

empirical and molecular formulas of the compound. 

 

Step 1: If we consider that we have a 100.00 g sample, we have 98.55 g Ba and 1.44 g H.  

n =  
Molar mass 

Empirical formula mass 
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Step 2: We use the atomic mass to calculate moles: 

 

 

Step 3: Divide the number of moles of each element by the smallest number of moles. 

 

 

 

The numbers are whole numbers, so the empirical formula is ClCH2. 

 

 

 


