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UNIT 09: Chemical Bonding PART 2 - Properties 

 

The type of bonding present in substance greatly influences its properties. We need to be able to relate 

the type of bonding present in a substance to its physical behavior. 

 

The solid state 

 

Variations in bond type lead to different structures in solids. Four different types of solid structure and 

their properties are considered here. 

 

Giant atomic structures (diamond and graphite) 

 

These structures are made of carbon atoms covalently bonded together in a continuous network. 

 

 

The diamond structure is based upon the tetrahedral unit 
where all of the carbon atoms are bonded to one another 
with very strong covalent bonds in a huge macro structure. 
This makes diamond very strong and hard and gives it a 
high melting and boiling point. 
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Graphite has a layered structure where each carbon atom 
is bonded to three others in each plane. The structure 
leads to specific properties; 
 

(i) It will conduct electricity only in one plane 
 
In the graphite structure each carbon is only bonded to 
three others. This leaves one of the outer electrons "free". 
Each carbon atom has one such "free" electron and these 
are spread out over each layer (delocalized). This leads to 
a "sea" of electrons similar to that in the metallic structure 
and graphite's ability to conduct electricity along the layers. 
Since the electrons cannot move between layers there is 
no conduction in the vertical plane. 
 

(ii) It can be used as a lubricant 
 
Weak dispersion forces hold the layers in graphite together 
represented by the dotted lines on the diagram. As a result, 
they can slide over one another, making graphite a good 
lubricant. 

 
 
 
Ionic structures (sodium chloride) 
 

 

In the ionic structure the lattice of ions is held together by 
strong electrostatic interactions between them. The strong 
bonds give ionic solids high melting points. They can only 
conduct electricity when molten or in solution since in the 
solid the ions are rigidly held and cannot move. 

 

 

  

The charged particles present in an ionic solid explain how and why ionic solids dissolve in water. When 

an ionic solid dissolves the polar water molecules penetrate the lattice and attach themselves to the ions. 

The process is called hydration and the ions are said to be hydrated. 
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Molecular structures (iodine) 
 

 

Iodine is held in a similar lattice structure to NaCl but in this 
case only weak dispersion forces hold the I2 molecules in 
place. This means that solid iodine has a very low melting 
point since there is only a weak interaction between its 
molecules. In addition, there are no charged particles 
present making iodine a non-conductor. 

 

 
Metal structures (metallic bonding) 
 

 

A metals' structure can be considered to be a close packed 
lattice of positive atoms/ions surrounded by a "sea" of 
moving electrons. These electrons and their movement 
cause metals to be good conductors of electricity. The 
close packed atoms/ions make them good conductors of 
heat. 
 
The metallic bond is the electrostatic attraction between the 
positive and negative charges. The flexibility of these 
bonds makes metals malleable & ductile. 

 
The liquid state 

 

In a gas the molecules possess enough energy to overcome the intermolecular forces, and hence move 

around freely. When a gas is cooled the kinetic energy of its molecules falls and the intermolecular forces 

become increasingly important. Cooling eventually leads to them having insufficient energy to overcome 

these forces and the gas condenses to form a liquid. 

 

In a solid the particles have a regular ordered structure and move very little around fixed positions. As 

solids are heated the particles gain energy and can break away from this ordered arrangement forming a 

liquid. 

 

The liquid represents the molecules at an intermediate state between the ordered state of the solid and 

the disordered state of the gas. 

 

Vapor pressure 
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Consider a liquid in a sealed container. Even if the liquid is below its boiling point a few of the molecules 

will possess enough energy to overcome the intermolecular forces holding them together and escape into 

the vapor phase above the liquid. The weaker the intermolecular forces  

 

between the molecules, the easier this process will be, and the more molecules will enter the vapor 

phase. This causes a relatively high vapor pressure. So, in summary, weak intermolecular forces cause 

liquids to have low boiling points, they are said to be volatile and will have high vapor pressures, and vice-

versa. 

 

The gaseous state 

Boiling points of the noble gases 

 

On descending group 18 the atoms of the elements get bigger, have more electrons and larger surface 

areas. This increases the London dispersion forces between them, making them more difficult to separate 

and increasing their boiling points. 

 

Group 18 Element He Ne Ar Kr Xe 

Boiling Point / oC -269 -246 -186 -152 -108 

 

Boiling points of the Hydrides of Groups 14, 15, 16 and 17 

 

Group 14 hydride CH4 SiH4 GeH4 SnH4 

Boiling Point / oC -161 -112 -90 - 

 

The boiling point increases due to increased size and London dispersion forces. 

  

Group 15 hydride NH3 PH3 AsH3 SbH3 

Boiling Point / oC -33 -87 -60 -25 

 

A similar pattern (of increase in size, dispersion forces and boiling points) is observed here except for 

ammonia. The ammonia molecules are attracted to one another by hydrogen bonds giving ammonia a 

much higher boiling point than would normally be predicted. 

 

Group 16 hydride H2O H2S H2Se H2Te 
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Boiling Point / oC 100 -65 -45 -15 

 

Group 17 hydride HF HCl HBr HI 

Boiling Point / oC 20 -85 -69 -35 

 

The patterns in groups 16 and 17 resemble that of group 15, with water and hydrogen fluoride 

respectively exhibiting the higher boiling points associated with hydrogen bonding. 
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Summary of bonding and the relationship to properties 

 
 

Substances 

IONIC 
(GIANT lattice) 

 
+ve ion and –ve ion formed via 

transfer of electrons 
held together in giant lattice with 
strong electrostatic interaction 

DISCRETE COVALENT 
(INDIVIDUAL molecules) 

 
Small groups of atoms 

covalently bonded together 
by sharing electrons  

GIANT COVALENT 
(MACRO molecular) 

 
Massive structures of atoms 
covalently bonded together 

METALS/ALLOYS 
(MIXTURES of metals) 

 
Close packed array of atoms 

(ions) with “sea” of free moving 
electrons 

 

Metal + Non-Metal 
e.g., KCl, MgF2, Na2SO4 etc. 

Non-Metal + Non-Metal 
(compounds/polyatomic ions) 

e.g. CO2, PCl6- 

 

(Lewis structures/shape) 

Elements and some 
compounds 

e.g. Graphite & diamond 
(carbon), Si, SiO2 

Metals 
e.g. Na, Al, Au, Stainless 
Steel (Fe/C/Cr), Bronze 
(Cu/Sn), Brass (Cu/Zn) 

STRONG bonds 
 

high m.p/b.p 
 

poor conductors of 
electricity when solid (ions 
NOT free to move), good 
when liquid or in solution 

(dissolved) 
 

will dissolve in polar 
solvents  

Strong covalent bond within the 
molecule, but molecules 

attracted to one another with 
WEAK IMF 

 
low m.p/b.p, often liquids or 

gases at RT; 
 

LDF – (induced dipoles) 
Dipole – (perm. dipoles) 
H-Bonds – (H - N/O/F) 

 
poor conductors 

STRONG bonds 
 

high m.p/b.p 
 

hard 
 

poor conductors 

STRONG (but flexible) 
bonds 

 
high m.p/b.p 

 
good conductors of 
electricity (“sea” of 

electrons) and heat (close 
packed) 

 
malleable (can be shaped), 
ductile (can be drawn into 
thin wires), luster (shiny),  


