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The intended learning outcomes from this presentation are for students 

to understand the types of forces between atoms and ions; describe 

primary and secondary bonding and identify which materials exhibit 

these.
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In the previous presentation I introduced the concepts of atomic 

structure, electron orbitals and valence electrons. I would like to begin 

this lecture summary by looking at the periodic table which was 

developed by the Russian scientist Dmitri Mendeleev. The periodic 

table is composed of periods and groups, so the elements are placed 

in order of increasing atomic number from left to right and top to 

bottom. What is common to the elements is the groups, columns of 

elements, which have similar electron configurations and so similar 

chemical properties. So the VIIA and VIA groups outlined here are 

respectively one and two electrons in the outer electronic orbital short 

of a stable filled shell.
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The group VIIA elements are sometimes referred to as the halogens 

and they are all relatively reactive non-metals.
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At the other side of the periodic table we have the groups labelled IA 

and IIA and these are characterised by having just 1 or 2 electrons in 

the outermost shell.
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This section of the periodic table are known as the transition metals. 

They are characherised by their partially filled d electron states.
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The three groups outlied here have characteristics which are 

imtermediate between metals and non-metals.
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Another important property of elements is that of electronegativity. This 

is the ability of one specific element to acquire electrons. In considering 

the periodic table the electronegativity increases from the bottom left 

corner to the top left corner. On the left are elements with low 

electronegativity and on the right are elements with high 

electronegativity, so the alkali earth metals and the alkali metals have 

low electronegativities and the non-metals such as oxygen and fluorine 

have high electronegativities. The exception is the inert gas group 

which, because of their filled outer shells, do not have any 

electronegativity.



The forces and energies binding the atoms of a material dictate many 

of it’s properties and this can be seen schematically. The overall force 

between two atoms, the red line, is the sum of the attractive force see 

as the blue line and the repulsive force, the green line. In a similar 

manner we can plot the potential energies between the atoms from 

which we can determine the bonding energy.
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Whilst these plots of energy against the separation between two atoms 

can be considered as the ideal situation they can tell us a great deal 

about the material as a whole. As seen here the greater the value for 

bonding energy the higher the materials melting temperature and in 

later lectures the influence of this interatomic bonding on a materials 

mechanical properties will be explored.



The final part of this week’s lectures will discuss bonds and atomic 

bonding. These are generally described as primary bonds and 

secondary bonds. The primary bonds will involve the valence electrons; 

the nature of the bond depends on the electron structure of the 

constituent atoms, and the bonding will arise from the tendency of the 

atoms to assume stable electron structures - which we have already 

discussed like the inert gases, by completely filling the outermost 

electron shell. The primary bonds are the ionic bond, the covalent bond 

and the metallic bond. There are also secondary bonds and these are 

much weaker bonds than primary bonds but they are still very 

important in defining the properties of materials.
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Ionic bonding occurs between ions. If you have two atoms with very 

different electro-negativities, such as sodium, which is on the left of the 

periodic table, and chlorine, which is on the right - they have very 

different electronic activities and they will form sodium chloride, table 

salt. So how does this happen? Chlorine is very much electronegative 

and so it has a strong tendency to acquire electrons, so pulling away 

the valence electrons of the sodium. Thus the sodium atom will 

become deficient of one electron and so become an ion of one positive 

charge. Chlorine on the other side will acquire one electron, so it 

become an ion of one negative charge. Then the plus and minus 

charged ions will attract each other forming an ionic bond.
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So again, ionic bonding will happen between metals and non-metals, 

involving elements of lower and higher electronegativities; between 

elements with very different electronegativities. The metal will tend to 

donate electrons and is so known as the electron donor, and the non-

metal, accepting the donated electrons, will be electron acceptors.

Another example of ionic bond will be magnesium oxide. Magnesium 

has two extra electrons compared to the stable configuration of neon 

whilst oxygen has two electrons less. The magnesium donates its extra 

two electrons and the oxygen accepts them to form the ionic bonds 

present in magnesium oxide.
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Ionic bonds will occur between elements of very different electronic 

activities, such as the sodium on the left and chlorine on the right, the 

magnesium on the left and oxygen on the right. Another example would 

be calcium fluoride or caesium chloride and there are many other 

combinations which we will see throughout the unit.



This is an example of the ionic bonding. This is the structure of the 

sodium chloride. You will see that each atom, either negative or 

positive, is surrounded by oppositely charged ions, so each sodium 

atom has four neighbours. These bonds are generally non-directional, 

the bonding energies will be between 600 and 1500 kJ/mol which 

means that they are strong bonds. The ionic compounds, because of 

these strong bonds, in general will have high melting temperatures.

They are hard and brittle and will be electrically and thermally insulated 

because of the alternation of positive-negative, positive-negative, and 

this is the predominant bonding in ceramic materials.
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The next type of bonding is covalent bonding. Here again the atoms 

will acquire stable electron configurations but in another manner. This 

bonding usually happens between elements of similar electronegativity 

and typically between the non-metals.

Let’s see an example here with methane which is formed with one 

carbon and four hydrogen atoms. Carbon, has four valence electrons, 

four electrons in one shell. Hydrogen has one electron, so it’s one 

electron deficient of a filled shell and carbon is four electrons deficient. 

Both want extra electrons and so they share their electrons.

The four hydrogen’s each share their four single electrons with the four 

electrons in the outer orbital of the carbon; each hydrogen will have two 

electrons and become like helium whilst the carbon will have eight 

electrons in the outer shell.



The covalent bond is typical for many non-metallic elements such as 

hydrogen, chlorine, fluorine etcetera. They can be molecules that 

contain dissimilar atoms such as water, nitric acid and hydrogen 

fluoride; they can be solids such as diamond or silicon.
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Covalent bonding is also present in polymeric materials.

The bonding energies of covalent bonds can be very different; they can 

be very strong such as in diamond, the hardest material with a very 

high melting temperature. Alternatively they can be very weak such as 

those in bismuth which is seen by it’s low melting temperature.

We can determine the number of covalent bonds which an element 

can form using a simple expression 8 - N’ where N’ is the number of 

the valence electrons.

An example would be chlorine which has 7 valence electrons - 8 minus 

7 is 1 so it can form one covalent bond. Carbon has 4 valence 

electrons, and so can form 4 covalent bonds.
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However, very few compounds are formed with purely covalent or 

purely ionic bonds. In most of the cases the bond type will be a mixture 

of both covalent and ionic bonds. The greater the difference in the 

electronegativities of the constituent elements the more ionic character.

The percentage ionic character may be determined by this simple 

expression: where X subscript A and X subscript B are the 

electronegativities of the respective elements. We will look more 

closely at this calculation in the first tutorial session.
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The metallic bond is a bond found in metals and their alloys. What is 

different in metallic bonding is the fact that the electrons are not shared 

between any specific or particular atoms; they are shared between all 

the atoms in the metallic material. As such the valence electrons are 

free to travel across the material and thus they form an electron cloud 

and this will determine the properties of the material. It is this aspect of 

metals which makes them good conductors of electricity.
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The non-valence electrons are not free to move and will stay around 

the nucleus. But, since the valence electrons are moving the ion cores 

assume a net positive charge. The atoms are closely packed together 

and the free electrons do not belong to any particular number of atoms 

but to the whole material.
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The metallic bond can be very strong such as in tungsten with it’s very 

high melting temperature, or they can be very weak such as in 

mercury.

Metals, because of the free electron cloud are good conductors of 

electricity and heat; they are usually ductile because of the electron 

structure, opaque and the majority, excepting the alkali or alkali earth 

metals, have higher densities than most of the other elements.
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There is another class of bonding known as secondary bonding or van 

der Waals bonding. Secondary bonding is much weaker than primary 

bonding but it’s still very important. It has a value of about 10 kJ/mol 

and occurs between dipoles.

A dipole can be considered as the attraction between unlike charges in 

a similar manner to opposite poles of a magnet. Wherever there is an 

atom or molecule with a positively charged region and a negatively 

charged region then the possibility of secondary bonding between 

adjacent atoms and molecules will exist. The strength of these bonds 

will depend on the atoms involved and their relative electronegativities.

This slide illustrates some of the instances where secondary bonding 

occurs; for example between simple molecules and polymer chains.



The hydrogen bond is another example of secondary bonding however 

it has a strength of 51 kJ/mol and is typical found between molecules in 

which hydrogen is covalently bound to fluorine, oxygen or nitrogen.

With hydrogen bonding the electron of the hydrogen is strongly 

attracted towards the other element such that the hydrogen atom is left 

with a bare nucleus and so has a much stronger positive charge than 

normal. The result is a dipole forming a strong attraction between the 

hydrogen of the one molecule and the corresponding element of an 

adjacent molecule.
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The abnormally high melting point and boiling point of water, relative to 

it’s molecular weight, is due to the hydrogen bonds that occur between 

the water molecules.

27



So materials are formed with a range of bonds between the constituent 

atoms and molecules. For example common salt comprises of ionic 

bonds between the sodium and chlorine atoms. Another example is 

gold whose atoms form dense metallic bonds between each other and 

finally water; covalent bonds between the two hydrogen atoms and one 

oxygen atom are accompanied by hydrogen bonds between the 

adjacent water molecules.
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In summary, there are a number of primary and secondary bonding 

types between elements forming compounds. The primary bonds are 

stronger than the secondary however the secondary bonds can still be 

an influence on a compound and it’s material properties.
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If you have any questions or desire further clarification please post a 

question or comment on the Engineering Materials Discussion Forum.
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