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3.1  

Atomic Mass 



Atomic Mass 
The mass of an atom depends on the number of electrons, protons and 

neutrons it contains. 

 

Knowledge of an atom’s mass is important in laboratory work; 

Micro World 

(atoms & molecules) 

Macro World 

(grams) 

We cannot weigh a single atom, but it is possible to determine the mass of one 

atom relative to another experimentally. The first step is to assign a value to the 

mass of one atom of a given element so that it can be used as a standard. 

 

Atomic mass (sometimes called atomic weight): is the mass of the atom in 

atomic mass units (amu). 



Setting the atomic mass of carbon-12 at 12 amu 

provides the standard for measuring the atomic mass 

of the other elements. 

By definition and international agreement: one atomic mass unit is defined as a 

mass exactly equal to one-twelfth the mass of one carbon-12 atom. 

e.g., experiments have shown that, on average, a hydrogen atom is only 8.400 

percent as massive as the carbon-12 atom. Thus, if the mass of one carbon-12 

atom is exactly 12 amu, the atomic mass of hydrogen must be 

             (0.084 x 12.00 amu = 1.008 amu) 

 
Similar calculations show that the atomic mass of iron is 55.85 amu. Thus, although we 

do not know just how much an average iron atom’s mass is, we know that it is 

approximately 56 times as massive as a hydrogen atom. 

6 p, 6 e, 6 n 



Average Atomic Mass 

This means that when we measure the atomic mass of an element, we must 

generally settle for the average mass of the naturally occurring mixture of 

isotopes. 

The atomic mass of carbon in a periodic table is not 

12.00 amu but 12.01 amu. The reason for the 

difference is that most naturally occurring elements 

(including carbon) have more than one isotope. 

Note: The atomic mass of an element is based on the average mass of the stable 

(nonradioactive) isotopes of the element 



Naturally occurring  lithium is: 

7.42% 6Li (6.015 amu) 

  92.58% 7Li (7.016 amu) 

Average atomic mass of lithium = 

average atomic mass of natural carbon 

          = (0.9890)(12.00000 amu) + (0.0110)(13.00335 amu) 

          = 12.01 amu 

e.g., the natural abundances of carbon-12 and carbon-13 are 

98.90 percent and 1.10 percent, respectively. The atomic mass of 

carbon-13 has been determined to be 13.00335 amu. Thus, the 

average atomic mass of carbon can be calculated as follows: 

Natural abundances 

of C-12 & C-13 

isotopes 

7.42 x 6.015 + 92.58 x 7.016 

100 
= 6.941 amu 

https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisvZ6M9PLWAhXEXBoKHQgnC3sQjRwIBw&url=https://finfeed.com/features/goldman-sachs-called-lithium-new-gasoline/20161118/&psig=AOvVaw0tk_dmprgTjtP_4BtSb2-H&ust=1508166073228257


EXAMPLE 

Copper, a metal known since ancient times, is used in electrical cables and 

pennies, among other things. The atomic masses of its two stable isotopes, 𝐶𝑢29
63  

(69.09 percent) and 𝐶𝑢29
65  (30.91 percent), are 62.93 amu and 64.9278 amu, 

respectively. Calculate the average atomic mass of copper. The relative 

abundances are given in parentheses. 

Solution 

Each isotope contributes to the average atomic mass based on its relative 

abundance. 

 

(0.6909)(62.93 amu) x (0.3091)(64.9278 amu) = 63.55 amu 

 

Practice Exercise 

 

The atomic masses of the two stable isotopes of boron, 𝐵5
10  (19.78 percent) and 

𝐵5
11  (80.22 percent), are 10.0129 amu and 11.0093 amu, respectively. Calculate 

the average atomic mass of boron. 



3.2  
Avogadro's Number and 

Molar Mass of an Element 



Mole 
Chemists measure atoms and molecules in moles. 

 

In the SI system the mole (mol) is the amount of a substance that contains as 

many elementary entities (atoms, molecules or other particles) as there are 

atoms in exactly 12 g (or 0.012 kg) of the carbon-12 isotope. 

The actual number of atoms in 12 g of carbon-12 

is determined experimentally. This number is 

called Avogadro’s number (NA), in honor of the 

Amedeo Avogadro. 

The currently accepted value is: 
 

          NA = 6.0221415 x 1023 

                ~ 6.022 x 1023 
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One mole each of several common elements. Carbon 

(black charcoal powder), sulfur (yellow powder), iron (as 

nails), copper wires, and mercury (shiny liquid metal). 

Because atoms and molecules are so 

tiny, we need a huge number to study 

them in manageable quantities. 

1 mole of hydrogen atoms contains 6.022 x 1023 H atoms. 
 

1 mole of water molecules contains 6.022 x 1023 H2O molecules. 
 

1 mole of SO4
2− ions contains 6.022 x 1023 𝑆𝑂4

2− ions. 
 

1 mole of oranges contains 6.022 x 1023 oranges. 



1 mole of C-12 atoms has a mass of exactly 12 g and contains 6.022 x 1023 atoms. 

This mass of C-12 is its molar mass (𝓜), defined as the mass (in grams or 

kilograms) of 1 mole of units (such as atoms or molecules) of a substance. 

 
The molar mass of C-12 (in grams) is numerically equal to its atomic mass in amu. 

Likewise, 

-the atomic mass of sodium (Na) is 22.99 amu and its molar mass is 22.99 g; 

-the atomic mass of phosphorus (P) is 30.97 amu and its molar mass is 30.97 g; 

and so on. 

 
In calculations, the units of molar mass are g/mol or kg/mol (SI unit). 

 
Knowing the molar mass and Avogadro’s number, we can calculate the mass of a 

single atom in grams. 
 

e.g., we know the molar mass of carbon-12 is 12.00 g; therefore, the mass of one 

carbon-12 atom is given by: 



We can use the preceding result to determine the relationship between atomic 

mass units and grams. 
 

Because the mass of every carbon-12 atom is exactly 12 amu, the number of 

atomic mass units equivalent to 1 gram is 

Thus, 

1 g = 6.022 x 1023 amu 

and 

1 amu = 1.661 x 10-24 g 

This example shows that Avogadro’s number can be used to convert from the 

atomic mass units to mass in grams and vice versa. 



n  = 
m 

𝓜 
NA = 

N 

n 

NA : Avogadro’s no. = 6.022 x 1023 

n : no. of moles 

N : no. of atoms, molecules, ions or particles (unites) 

𝓜 : molar mass (g/mol) 

m : mass (g) 

The notions of Avogadro’s number and molar mass enable us to carry out conversions 

between mass and moles of atoms and between moles and number of atoms 



EXAMPLE 

Helium (He) is a valuable gas used in industry, low-temperature research, deep-

sea diving tanks and balloons. How many moles of He atoms are in 6.46 g of He? 

1 mol He = 4.003 g He (from periodic table) 
 

Thus, we can write two conversion factors: 

The conversion factor on the left is the correct one. Grams will cancel, leaving the 

unit mol for the answer, that is, 

Practice Exercise 

 

How many moles of magnesium (Mg) are there in 87.3 g of Mg? 



EXAMPLE 

Zinc (Zn) is a silvery metal that is used in making brass (with copper) and in plating 

iron to prevent corrosion. How many grams of Zn are in 0.356 mole of Zn? 

1 mol Zn = 65.39 g Zn (from periodic table) 
 

Thus, we can write two conversion factors: 

The conversion factor on the right is the correct one. Moles will cancel, leaving unit 

of grams for the answer. The number of grams of Zn is 

Practice Exercise 

 

Calculate the number of grams of lead (Pb) in 12.4 moles of lead. 



EXAMPLE 

Sulfur (S) is a nonmetallic element that is present in coal. When coal is burned, 

sulfur is converted to sulfur dioxide and eventually to sulfuric acid that gives rise to 

the acid rain phenomenon. How many atoms are in 16.3 g of S? 

1 mol S = 32.07 g S 
 

the conversion factor is 

1 mol = 6.022 x 1023 particles (atoms) 
 

the conversion factors are 

Practice Exercise 

 

Calculate the number of atoms in 0.551 g of potassium (K). 



3.3  

Molecular Mass 



If we know the atomic masses of the component atoms, we can calculate 

the mass of a molecule. 
 

The molecular mass (sometimes called molecular weight) is the sum of 

the atomic masses (in amu) in the molecule. 

e.g., the molecular mass of H2O is 

 

       2 (atomic mass of H) + 1 (atomic mass of O) 

 

   or 2 (1.008) + (15.999) = 18.015 amu 
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EXAMPLE 

Calculate the molecular masses (in amu) of the following compounds: 
 

(a) Sulfur dioxide (SO2) and  

(b) Caffeine (C8H10N4O2). 

Practice Exercise 

 

What is the molecular mass of methanol (CH4O)? 

(a) molecular mass of SO2 = 32.07 + 2(16.00) 

                                            = 64.07 amu 

 

(b) molecular mass of C8H10N4O2 = 

            8(12.01) + 10(1.008) + 4(14.01) + 2(16.00) = 194.20 amu 

 



EXAMPLE 

Practice Exercise 

 

Calculate the number of moles of chloroform (CHCl3) in 198 g of chloroform. 

Methane (CH4) is the principal component of natural gas. How many moles of 

CH4 are present in 6.07 g of CH4? 

molar mass of CH4 = 12.01 + 4(1.008) = 16.04 g 

 

1 mol CH4 = 16.04 g CH4 

The conversion factor: 



EXAMPLE 

Practice Exercise 

 

How many H atoms are in 72.5 g of isopropanol (rubbing alcohol), C3H8O? 

How many hydrogen atoms are present in 25.6 g of urea [(NH2)2CO], which is 

used as a fertilizer, in animal feed, and in the manufacture of polymers? The 

molar mass of urea is 60.06 g/mol. 

= 1.03 x 1024 H atoms 



For ionic compounds like NaCl, MgO and CaCl2 that do not contain 

discrete molecular units, we use the term formula mass instead. 

 

e.g., the formula unit of NaCl consists of one Na+ ion and one Cl- ion.  
 

Thus, the formula mass of NaCl is the mass of one formula unit: 
 

formula mass of NaCl = 22.99 amu + 35.45 amu 

                                    = 58.44 amu 
 

and its molar mass is 58.44 g. 

 

 
e.g., the formula mass of CaCl2 = 40.08 + 2(35.45) 

                                                   = 110.98 amu 

https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwirt9_Vs_DWAhWMuxQKHTMqB98QjRwIBw&url=https://sciencenotes.org/chlorine-facts/&psig=AOvVaw2hhAqPzlXklwSuj2OQpS9W&ust=1508080403823312
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj6rIfps_DWAhXMvRQKHb5KC9IQjRwIBw&url=https://sciencenotes.org/sodium-facts/&psig=AOvVaw2DUi2JRZYvJ6ehHXAt9v9K&ust=1508080174045215
https://www.google.com.sa/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjCzI2itPDWAhUDXhoKHekLA9oQjRwIBw&url=https://sciencenotes.org/calcium-facts/&psig=AOvVaw1PIHF9oxfg9OvBfht85wJP&ust=1508080610371308


3.5  
Percent Composition of 

Compounds 



The percent composition by mass is the percent by mass of each 

element in a compound. 

Mathematically, the percent composition of an element in a compound is expressed 

as: 

where n is the number of moles of the element in 1 mole of the compound. 

e.g., in 1 mole of hydrogen peroxide (H2O2) there are 2 moles of H atoms and 2 

moles of O atoms. The molar masses of H2O2, H, and O are 34.02 g, 1.008 g, and 

16.00 g, respectively. 

the percent composition of H2O2 is calculated as follows: 

The sum of the percentages is 5.926% + 94.06% = 99.99%. The small discrepancy from 100 

percent is due to the way we rounded off the molar masses of the elements. 

H2O2 



EXAMPLE 

Phosphoric acid (H3PO4) is a colorless, syrupy liquid used in detergents, fertilizers, 

toothpastes, and in carbonated beverages for a “tangy” flavor. Calculate the percent 

composition by mass of H, P, and O in this compound. 

Practice Exercise 
 

Calculate the percent composition by mass of each of the elements in sulfuric acid 

(H2SO4). 

H3PO4 
The molar mass of H3PO4 = 97.99 g. 

The sum of the percentages is 3.086 + 31.61 + 65.31 = 100.01%. 



EXAMPLE 

Ascorbic acid (vitamin C) cures scurvy. It is composed of 40.92 percent carbon (C), 

4.58 percent hydrogen (H), and 54.50 percent oxygen (O) by mass. Determine its 

empirical formula. 

If we have 100 g of ascorbic acid, then each 

percentage can be converted directly to grams. In 

this sample, there will be 40.92 g of C, 4.58 g of 

H, and 54.50 g of O. 

We arrive at the formula C3.407H4.54O3.406, which 

gives the identity and the mole ratios of atoms 

present. However, chemical formulas are 

written with whole numbers. 

This gives CH1.33O as the formula for ascorbic acid. Next, we 

need to convert 1.33, the subscript for H, into an integer. 

Because 1.33 x 3 gives us an integer 4, we multiply all the subscripts by 3 and obtain C3H4O3 

as the empirical formula for ascorbic acid. 

Practice Exercise 

Determine the empirical formula of a compound having the following percent 

composition by mass: K: 24.75 percent; Mn: 34.77 percent; O: 40.51 percent. 



EXAMPLE 

Chalcopyrite (CuFeS2) is a principal mineral of copper. Calculate the number of 

kilograms of Cu in 3.71 x 103 kg of chalcopyrite. 

Practice Exercise 

 

Calculate the number of grams of Al in 371 g of Al2O3. 

The molar masses of Cu and CuFeS2 are 63.55 g and 183.5 g, respectively. 

The mass percent of Cu is therefore 

To calculate the mass of Cu in a 3.71 x 103 kg sample of CuFeS2, we need to 

convert the percentage to a fraction (that is, convert 34.63 percent to 34.63/100, or 

0.3463) and write 

mass of Cu in CuFeS2 = 0.3463 x (3.71 x 103 kg) = 1.28 x 103 kg 



3.6  
Experimental Determination 

of Empirical Formulas 



Apparatus for determining the empirical formula of ethanol. 

The absorbers are substances that can retain H2O and CO2. 

When ethanol is burned in an apparatus, CO2 and H2O are given off. Because neither 

carbon (C) nor hydrogen (H) was in the inlet gas, we can conclude that both C & H were 

present in ethanol and that oxygen (O) may also be present. Molecular oxygen (O2) was 

added in the combustion process, but some O may also have come from the original 

ethanol sample. 

 

The masses of CO2 and of H2O produced can be determined by measuring the increase 

in mass of the CO2 and H2O absorbers, respectively. 



Suppose that in one experiment the combustion of 11.5 g of ethanol produced 22.0 g of 

CO2 and 13.5 g of H2O. We can calculate the mass of C & H in ethanol sample as follows: 

Thus, 11.5 g of ethanol contains 6.00 g of carbon and 1.51 g of hydrogen. The remainder 

must be oxygen, whose mass is 

The number of moles of each element present in 11.5 g of ethanol is 

The formula of ethanol is therefore C0.50H1.5O0.25. Because the number of atoms must be 

an integer, we divide the subscripts by 0.25, the smallest subscript, and obtain for the 

empirical formula C2H6O. 



Molecular formula from empirical formula 
 

From percentage compositions we can obtain the empirical formula. We 

can obtain the molecular formula from the empirical formula if we are given 

the molecular weight. 

 

This whole number multiple is the ratio between the molecular and 

empirical formulas weight. 



EXAMPLE 

A sample of a compound contains 1.52 g of nitrogen (N) and 3.47 g of oxygen (O). 

The molar mass of this compound is between 90 g and 95 g. Determine the 

molecular formula and the accurate molar mass of the compound. 

We arrive at the formula N0.108O0.217. By dividing the subscripts by the smaller subscript 

(0.108), we obtain NO2 as the empirical formula. 

Empirical molar mass = 14.01 g + 2(16.00 g) = 46.01 g 
 

Next, we determine the ratio between the molar mass and the empirical molar mass 

The molar mass is twice the empirical molar mass. This means that there are two NO2 

units in each molecule, and the molecular formula is (NO2)2 or N2O4. 

Practice Exercise 

A sample of a compound containing boron (B) and hydrogen (H) contains 6.444 g of 

B and 1.803 g of H. The molar mass of the compound is about 30 g. What is its 

molecular formula? 




