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Chemical Bonding 

A Little Background 
From earliest times as people observed the world 
around them; they classified plants, animals and 
minerals on the basis of similar characteristics. 
They also wondered what materials were made 
of and a widespread belief emerged that they 
were composed of various combinations of earth, 
air, fire and water. To these four ‘elements’ a fifth 
was sometimes added, especially in some 
eastern cultures; it was described as essence, 
quintessence, aether or space and was regarded 
as a non-material aspect of things. 

The Modern Ideas of ‘Element’ 
As people discovered how to extract metals from their 
ores and began analysing many naturally occurring 
substances the ancient ideas became less useful. 
Newer ideas gradually emerged and in 1661 Robert 
Boyle in his book The Sceptical Chymist proposed a 
more modern concept of elements. By 1810 the 
chemical composition of many substances was well 
established. 

Elements and Compounds 
We now consider a substance to be an element if it is 
not composed of other substances. Compounds are 
composed of two or more elements, not just mixed 
together but bound together so as to form a new 
substance with (usually) completely different 
properties from those of the elements it contains. For 
example, water is a compound of hydrogen and 
oxygen; its properties are completely different from 
those of either hydrogen or oxygen.  

Key Discoveries 
An important discovery about compounds was made 
around 1800 by Joseph Proust. His observations led 
him to conclude that compounds were 
composed of elements in very precise 
proportions by weight. For example he 
found that iron and oxygen can combine 
to form two different oxides; one of these 
is 78% iron and 22% oxygen and the 
other is 70% iron and 30% oxygen. In 
the case of gases that combine John 
Dalton noted that the volume proportions 
were not only definite but were generally 
very simple such as 1:2 or 1:3. This 
remarkable result led him to propose that 
matter was composed of little particles 
which he called ‘atoms’. 

Emerging Understanding 
During the 1800s thousands of substances were 
analysed and their chemical composition was 
established, but why substances combined in 
particular proportions was still unclear. Over many 
decades important discoveries were made; the 
following are some of the more important milestones:  

• The periodicity of elements (Newlands, Meyer, 
Mendeleef, 1860s). 

• The discovery of the electron (Thomson, 1896). 

• The discovery of the nucleus (Rutherford, 1911). 

• The existence of electron energy levels in atoms 
(Bohr, 1913). 

• Development of the ‘octet rule’ (from Werner, 
1893, to Langmuir, 1919). 

• Periodicity depended on electron energy levels 
(Bohr, 1923). 

Electrons and the ‘Octet Rule’ 
We now know the basic nuclear structure and electron 
arrangements for the 92 naturally occurring elements. 
The number of electrons in the outer energy level of 
an atom can vary from one to eight. Atoms with eight 
outer electrons are generally unreactive. Atoms with 
seven outer electrons are generally very reactive but 
become stable (or unreactive) by ‘capturing’ an 
electron or by getting a ‘share’ in an extra electron. 
Similarly atoms with six outer electrons become stable 
by capturing two electrons or getting a share in two 
more electrons. 

For example, hydrogen atoms have a single (outer) 
electron; they become stable by sharing or capturing 
one more. (The first energy level can hold only two 
electrons.) Pairs of hydrogen atoms spontaneously 
form more stable molecules in which they share a pair 

of electrons. Oxygen atoms have six 
outer electrons; they readily form oxygen 
molecules in which they share two pairs 
of electrons.  

Compounds are formed when atoms of 
different elements combine to form new 
substances. For example, water is a 
compound of two elements: hydrogen 
and oxygen. To have an octet of 
electrons in the outer level oxygen needs 
two more electrons; this is achieved by 
combining with two hydrogen atoms. 

Water is composed of hydrogen and oxygen in a 2:1 
ratio. The chemical formula for water is therefore H2O. 

 



 

Chemical Bonds 
A shared pair of electrons constitutes a bond that 
holds atoms together. Some atoms typically form one 
such bond, while others form two, three or four. The 
octet rule is a good guide, especially for lighter 
elements. Atoms of elements in group 8 of the 
periodic table do not need more electrons and so, in 
general, they do not form chemical bonds. Fluorine (F) 
and chlorine (Cl) form single bonds, oxygen (O) and 
sulfur (S) form two 
bonds, nitrogen (N) and 
phosphorus (P) form 
three bonds and carbon 
(C) and silicon (Si) form 
four bonds. 

The chemical formula 
for caffeine illustrates 
this pattern; check it out 
for yourself. 

 

Other Bonds 
Bonds formed by sharing electrons are called covalent 
bonds; all the bonds described so far are of this kind. 
Sodium (Na) reacts readily with chlorine. The product 
is sodium chloride (NaCl, common salt) in which each 
sodium atom loses an electron becomes a positively 
charged ion. The chlorine atoms capture the electrons 
and form negative ions, called chloride ions. Electric 
forces hold these alternate positive and negative ions 
very firmly together in a regular three dimensional 
array. This kind of bonding is called ionic. 

 

Covalent Bonds in Three Dimensions 
Carbon atoms typically form four bonds and can link 
together to form three dimensional arrays. The 
structure formed is extremely strong; in fact it is the 
hardest material known — a diamond. 

 

Silicon 
Like carbon (C) silicon (Si) is in group 4 of the 
Periodic Table. Both elements form oxides of formula 
XO2. While CO2 is a gas, SiO2 (silicon dioxide or 
‘silica’) is a solid and is a major constituent of rocks.  

Cement is produced by burning limestone (calcium 
carbonate, CaCO3) together with other raw materials, 
mainly shale, in a kiln. During the burning process 
complex compounds are chemically formed from 
calcium oxide, silicon oxide and other oxide 
compounds. 

Cement is used in the manufacture of concrete by 
combining it with water, sand, aggregates and other 
materials. The cement and water chemically react 

(exothermically) to form calcium silicate hydrate and 
other hydration products As the reactions proceed, the 
products of the hydration process gradually bond 
together the individual sand and aggregate particles, 
and other components of the concrete, to form a solid 
mass.  

CRH 

CRH is an international group with strong national, 
regional and international leadership positions. With 
operations in 35 countries, CRH employs 
approximately 80,000 people at close to 4,000 
locations in 2010. From a strong developed-world 
base, CRH is growing its presence in emerging 
economic regions. 

In its Corporate Social Responsibility (CSR) Report, 
CRH states its commitment to ‘ethically and 
responsibly managing all aspects of its operations 
relating to employees, customers, neighbours and 
local communities, shareholders and other 
stakeholders.’  

This CSR responsibility impacts on four specific areas 
of the business:  

• Corporate Governance 

• Environmental and Climate Change 

• Health and Safety 

• Social 

CRH recognises that climate change is a major issue 
for the human race and is actively addressing the 
challenges through specific CO2 reduction 
programmes. 

CRH has committed to the following emission 
reductions in cement activities: 

• By 2015, a 15% reduction in specific CO2 
emissions (from 1990 levels). 

• By 2015, a reduction of at least 50% of the mean 
specific particulate emissions of 2006 for 
participating facilities. 

• By 2015, a reduction of 10% of the mean specific 
NOx emissions of 2006 for the same facilities. 

Production facilities are being progressively upgraded 
to optimise the use of both energy and materials and 
to reduce emissions. CRH companies won a total of 
250 environmental awards in 2009. In addition CRH is 
ranked among sector leaders by leading Socially 
Responsible Investment (SRI) rating agencies.  
You can find this and other lessons on www.sta.ie. 

Find out more about the work of CRH on  

 



 

Teaching Notes  

Syllabus References 

Leaving Certificate Chemistry 

Stoichiometry, formulas and equations 

3.3 The Mole: Avogadro constant. 

3.4 Chemical Formulas: Empirical and molecular 
formulas.  

  Calculations of empirical formulas, given the 
percentage composition by mass or given the 
masses of reactants and products.  

  Calculation of molecular formulas, given the 
empirical formulas and the relative molecular 
masses. 

3.5 Chemical Equations: Balancing chemical 
equations. 

 

Learning Outcomes 
On completion of the lesson the student should be 
able to: 

• Outline how the concept of ‘atom’ developed. 

• Explain what is meant by ‘elements’ and 
‘compounds’. 

• Give examples of elements and compounds. 

• Explain what is meant by ‘the octet rule’. 

• Use the periodic table to predict the ratios in 
which (lighter) elements combine to form 
compounds. 

• Explain the difference between ionic and covalent 
compounds. 

• Understand why valency is largely determined by 
the number of outer electrons in an atom. 

• Describe in simple terms the structure of silicates 
and their role in cement production.  

 

General Learning Points 
The following information can be used to revise the 
lesson’s main learning points and inform discussion. 

• The modern concept of atoms was developed in 
the early 1800s. The earlier idea of just four 
elements was insufficient to explain the known 
facts about the composition of substances. 

• The fact that elements combined in simple but 
definite proportions was an important foundation 
of the atomic theory. 

• The discovery of the electron (1890s) and of 
electron energy levels within atoms (1913) 
revealed why many groups of elements had 
similar chemical properties.  

• The stability of ‘octets’ of electrons explained why 
compounds were usually much less reactive than 
the elements from which they were formed. 

• The chemical formulas for many compounds 
follow relatively simple ‘rules’. 

 



 

Student Exercises 
 

Student Activities 
Construct models of molecules (real or imaginary) 
using atoms with ‘hooks’ according to the following 
two simple rules: 

1. hooks link to hooks 

2. no hooks should be left 
unattached. 

The numbers of hooks for 
different atoms are shown in the 
diagram. 

For example O has two hooks while H has just one. 
Given any number of O’s an H’s the following could be 
constructed (on paper or using ball-and-stick models): 

H-H    H-O-H    O=O   H-O-O-H  etc. 

Design your own set of ‘molecules’ and then check in 
a text book or on the internet to see if the compounds 
actually exist. 

 

Robert Kane’s Elements of Chemistry (American 
edition) was published in 1851. In common with many 
chemists of his day he believed that the formula for 
water was HO (not H2O). The fact that electrolysis of 
water produced twice as much hydrogen as oxygen 
did not convince him.  

What arguments would you present in favour of H2O 
(rather than HO)? 

What is the key to the argument based on the 
volumes of hydrogen and oxygen released in 
electrolysis of water? 

 

True/False Questions 
(1) Elements can be decomposed into 

substances.  

(2) Compounds are composed of two or more 
elements chemically combined.   

(3) The atoms in a molecule of hydrogen 
peroxide (H2O2) are bonded by single bonds 
only.   

(4) The atoms in a molecule of carbon dioxide 
(CO2) are bonded by single bonds only.   

(5) A diamond is composed of carbon atoms 
only.  

(6) Silicon atoms typically form six single bonds.   

(7) Atoms that are covalently bonded share 
electrons.    

(8) The bonding in sodium chloride is covalent.  

(9) In a single covalent bond two electrons are 
shared, one from each atom.   

(10) Both silicon and carbon have a valency of 
two.   

Check your answers to these questions on 
www.sta.ie. 

 

Examination Questions 

Leaving Certificate Chemistry (OL) 2010, Q. 5 

The English scientist, pictured on the right, introduced 
his atomic theory in the early 1800s. He stated that all 
matter is made up of tiny, indivisible particles called 
atoms. He also stated that the atoms of a particular 
element are all the same, especially in regard to 
mass. 

• Name the English scientist. 

• Explain by reference to a named element why he 
was incorrect in stating that all the atoms of a 
particular element have the same mass. What 
term is used for atoms of the same element that 
have different atomic masses?  

• Diagrams of nitrogen and hydrogen atoms are 
shown on the right. Nitrogen and hydrogen 
combine to form ammonia. 

• State the valency (i) of nitrogen, (ii) of hydrogen, 
in ammonia. 

• Explain how these valencies arise by reference to 
the noble gases.  

• Use dot and cross diagrams to describe the 
bonding in the ammonia molecule. What is the 
shape of the ammonia molecule?  

• Define electronegativity. Use electronegativity 
values to predict the type of bond formed 
between nitrogen and hydrogen.  

Leaving Certificate Chemistry (OL) 2011, Q. 5 

• Define (i) atomic number, (ii) mass number. 

• Name the English scientist, pictured on the right, 
who identified electrons as negatively charged 
subatomic particles in the 1890s.  

• Neils Bohr described a theory of atomic structure 
that involved the electrons occupying shells, 
orbits or fixed energy levels. What is the 
maximum number of electrons that can occupy 
the second shell (main energy level)?  

 

http://www.sta.ie/


 

 

 

• Draw a diagram showing the arrangement of 
electrons in an oxygen atom.  
Use dots (•) or crosses (×) to represent the 
electrons. 

 Cannizzaro was born in Palermo, Sicily in 1826. His 
father was a police magistrate and the family was 
prosperous. In 1841 he began to study medicine but 
later switched to chemistry. In 1848 he participated in 
the failed revolt and fled to France. In 1851, at the age 
of just twenty five, he was appointed professor of 
chemistry in Piedmont – the nearest Italian province to 
France. A few years later he took up a professorship 
in Genoa.  

• Define electronegativity.  

• Use electronegativity values to predict the type of 
bonding that occurs in a water molecule. 

• Draw a dot and cross diagram to show the 
bonding in a water molecule.   
State the shape of a water molecule. 

 

Did You Know? 
The crystal structure of silicon is the same as that of a 
diamond.  

Silicon and oxygen make up 74.3% of the Earth’s 
crust (oxygen, 46.6% and silicon 27.7%). 

Crystals of pure SiO2 are called quartz; tiny traces of 
iron can change its colour forming gems such as 
citrine and amethyst. 

 

 

Biographical Notes 

Stanislao Cannizzaro (1826–1910) 

In his research he came across Avogadro’s 
hypothesis (published in 1815) which had been 
overlooked for about forty years. Cannizzaro realised 
that Avogadro’s brilliant insight, that equal volumes of 
gas at the same pressure and temperature held equal 
numbers of particles, would solve a lot of major 
controversies relating to atomic weights. (Ampère had 
come up with the same idea in 1818, but it too was 
overlooked or dismissed.) Mendeleev’s Periodic Table 
of Elements (1869) owed a lot to Cannizzaro’s work 
on atomic weights. 

In 1860 the first international chemistry conference 
was called by Kekulé. At the conference, which was 
held in Karlsruhe, Germany, Cannizzaro’s input was 
overwhelmingly accepted. One could argue that 
modern chemistry took off at Karslruhe.  

 

 

Revise the Terms 
Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

aggregate, atom, caffeine, carbon, cement, chemical 
composition, chlorine, compound, concrete , covalent 
bond, diamond, electron, electron energy levels, 
elements, essence, exothermic, fluorine, hydrogen, 
ion, ionic, kiln, limestone, mineral, molecule, nitrogen, 
nucleus, octet rule, outer energy level, oxide, oxygen, 
periodicity, phosphorus, shale, silicon, sulfur, water. 
Check the Glossary of Terms for the lesson on www.sta.ie. 

 

 




