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A .  I NTERCO NV ERS I ON  OF  STATE S  MATT ER  

 Dense  Less Dense 
-  Need energy 
-  Absorbing heat 

 Less Dense  Dense 
-  Release energy 
-  Release heat 

 Melting point  
This is the temperature at which a matter 

converts from its solid state to liquid state. It 

decreases in the presence of impurity.  

 Boiling point  
This is the temperature at which the vapour” 

pressure of a liquid becomes equal to the 

atmospheric pressure. It increases in the 

presence of impurity and with rise in pressure. 

Boiling point of water is 100°C.  

 Freezing point  
At this temperature, a matter converts from 

its fluid state into solid state. Freezing point of 

water is 0°C 

 Triple point 
The temperature and pressure at which the 

three phases of that substance coexist in 

thermodynamic equilibrium. It is that 

temperature and pressure at which the 

sublimation curve, fusion curve and the 

vaporisation curve meet. 

 

b .  I NTER mol ecu l ar  f orc es  

Intermolecular forces are forces that exist between 

molecules. 

Intermolecular forces are much weaker than the 

intramolecular forces of attraction, but are important 

because they determine the physical properties of 

molecules like their boiling point, melting point, density, 

and enthalpies of fusion and vaporization. 

1) Dipole-dipole Interactions 

These forces occur when the partially 

positively charged part of a molecule interacts 

with the partially negatively charged part of 

the neighboring molecule.  

The prerequisite for this type of attraction to 

exist is partially charged ions 

e.g  

The case of polar covalent bonds such as 

hydrogen chloride(HCl). Dipole-dipole 

interactions are the strongest intermolecular 

force of attraction 

 
 

2) Hydrogen bonding 

This is a special kind of dipole-dipole 

interaction that occurs specifically between a 

hydrogen atom bonded to either an oxygen, 

nitrogen, or fluorine atom.  

The partially positive end of hydrogen is 

attracted to the partially negative end of the 

oxygen, nitrogen, or fluorine of another 

molecule.  

Hydrogen bonding is a relatively strong force 

of attraction between molecules, and 

considerable energy is required to break 

hydrogen bonds. 

e.g. 

Hydrogen bonds are responsible for holding 

nucleotide bases together in DNA and RNA 

 
 

3) London dispersion forces 

These are the weakest of the intermolecular 

forces and exist between all types of 

molecules, whether ionic or covalent, polar or 

nonpolar. The more electrons a molecule has, 

the stronger the London dispersion forces are. 

e.g. 

Bromine (Br2), has more electrons than 

Chlorine (Cl2), so bromine will have stronger 

London dispersion forces than chlorine, 

resulting in a higher boiling point for bromine, 

59o C, compared to chlorine, -35o C. 
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 Also, the breaking of London dispersion forces doesn’t 

require that much energy, 

Which explains why nonpolar covalent compounds like 

methane, oxygen, and nitrogen, which only have London 

dispersion forces of attraction between the molecules 

freeze at very low temperatures. 

 

c .  g ase ou s  state  

This is the simplest state of matter. Characteristics of 

this state of matter are  

 In gases, the intermolecular forces are 

weakest.  

 Gases are highly compressible.  

 Gases exert pressure equally in all directions. 

 Gases have much lower density than the solids 

and liquids.  

 The volume and the shape of gases are not 

fixed.   

 Gases mix evenly and completely in all 

proportions without any mechanical aid 

The variables which are used to denote the physical 

condition of a gas are known as state variables. They are 

 Pressure 

Gas pressure is measured with manometer 

and atmospheric pressure is measured by 

barometer.  

1 atm = 76 em of Hg = 760 mm of Hg = 760 

torr  

1 atm = 101.325 kPa = 101325 Pa = 101.325 

Nm-2 = 1.01325 bar  

1 bar = 105 Pa 

 

Measurement of pressure of gas  

(i) Open end manometer, Pgas = Patom – h  

(ii) Closed end manometer, Pgas = h  

where h is difference in the mercury levels in 

the two columns of density (d) (of a gas). 

 Volume 

It is equal to the volume of the container and 

is expressed in terms of litre (L), millilitre (mL), 

cubic centimetre (cm3 ), cubic metre (m3 ) or 

cubic decimetre (dm3 ). 

 Temperature  

It is measured in celsius scale (C) or in Kelvin 

scale (K) 

 

d .  i d eal  gas es  

An ideal gas is a hypothetical concept. It is a gas in which 

the particles ; 

- Do not attract or repel one another  

- Take up no space (have no volume).  

No gas is truly ideal, but the ideal gas law does provide a 

good approximation of real gas behavior under many 

conditions. 

There are ideal gas laws which is the equation of state of 

a hypothetical ideal gas. 

1) Boyle’s Law 

At a constant temperature, the pressure of a 

fixed amount of gas is inversely proportional 

to its volume. The value of the proportionality 

constant for each curve corresponds to a 

different constant temperature and is known 

as isotherm 

 PV = k 

 p1V1 = p2V2 

 
2) Charles’s Law 

At constant pressure, the volume of a fixed 

mass of gas is directly proportional to the 

absolute temperature 

V = kT   ,    
𝑉1

𝑇1
=

𝑉2

𝑇2
 

3) Gay-Lussac’s Law 

At fixed volume, the pressure of a fixed mass 

of gas is directly proportional to the absolute 

temperature 

P = kT,    
𝑃1

𝑇1
=

𝑃2

𝑇2
 

4) Avogadro’s Law 

It states that equal volumes of all gases under 

the same conditions of temperature and 

pressure contain equal number of molecules. 
𝑉

𝑛
= 𝑘 

Combining these laws, give an equation, known as an 

ideal gas equation. 

V ∝ 
𝑛𝑇

𝑃
           P = Pressure          T = Temperature 

PV ∝ nT        V = Volume            R = Gas constant 

PV = nRT        n = Amount of gas 

R = 8.314 J K−1 mol−1 

R = 0.0821 L atm K−1mol−1 

R = 2 cal K−1 mol−1 

If temperature, volume, and pressure varies from their 

initial state to final state, then the ideal gases exert 

increased the pressure difference gas equation can be 

rewritten, creating combined gas law equation  
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nR = 
𝑃1𝑇1

𝑉1
 = 

𝑃2 𝑇2

𝑉2
 

 

e .  sol i d  stat e  

A solid particles are packed closely together. The forces 

between the particles are strong enough that the 

particles cannot move freely; they can only vibrate.  

As a result, a solid has a stable, definite shape and a 

definite volume. Solids can only change shape under 

force, as when broken or cut. 

There are some kind of solid’s structure 

 Metallic Structure 

In metals, the metal atoms lose their valence 

electrons(outer shell electrons) to form 

cations and a sea of negatively charged 

electrons around them.  

The electrons which are released are 

delocalized which means they are free to 

move around. There is a high attraction 

between the delocalized electrons and the 

cations.  

It is this attraction which is called metallic 

bonding, this is what makes everything stick 

together like a glue. 

 
Metals have some unique properties 

- Metals have high melting and boiling 

points 

There is high forces of attraction between 

the cations and delocalized electrons, 

which takes lots of energy to overcome. 

- Metals conduct electricity and heat 

Delocalized electrons move around to 

conduct heat and electricity 

- Metals are Elastic, malleable and ductile 

The cations in metal structure can slide 

over each other, when force is applied. 

Metals tend to be elastic, but when a 

large force deforms it then it is 

permanently deformed. 

 
 

 

 Giant Ionic Structure 

Positive and negative ions arranged in a 

regular arrangement called ionic lattice. It’s 

held together by strong attractive forces 

between the positive and negative ions. 

 

e.g : Lattice of NaCl 

 
Ionic have some unique properties 

- Ionic compounds have high melting and 

boiling points 

There is high forces of attraction between 

oppositely charged ions. 

- Most ionic compounds are crystalline 

This is because the ions in the ionic 

compound are arranged in a regular 

structure. Which is also called ionic 

lattice. 

- Ionic substances conduct electricity in 

solution or molten state but not in the 

solid state 

Ions are free to move around in solution 

or molten state to conduct electricity, but 

not in solid state the ions are stuck. 

- Ionic Substances are usually brittle 

Meaning that it easily breaks apart when 

force is applied 

Force causes like charges to face each 

other, repel and break apart. 

 
 

 Giant Covalent 

A giant covalent structure is a three-

dimensional structure of atoms that are joined 

by covalent bonds.  

Graphite, graphene, and diamond are 

allotropes of the same element (carbon) in the 

same state (solid). (Carbon can form up to four 

covalent bonds) 

1) Diamond 

In the diamond structure,each carbon 

atom forms four covalent bonds with four 

other carbon atoms to form a 3-

dimensional tetrahedral structure, which 

continues throughout the structure.  



 

 
 

 
There are several properties of diamond 

- Very hard, with high melting and boiling 

point 

Strong carbon-carbon covalent bonds 

continue throughout the whole structure. 

- Doesn’t conducts electricity 

No delocalized electrons, all electrons are 

used up in each carbon 

- Insoluble in water 

Strong covalent bonds between carbon 

atoms 

 

2) Graphite 

In graphite, each carbon atoms forms 

three covalent bonds with three other 

carbon atoms, forming 2 dimensional 

hexagonal rings, with weak 

intermolecular forces between the layers. 

 

There are several properties of graphite 

- High melting and boiling points 

Strong carbon-carbon covalent bonds in 

each layer 

- Soft and slippery 

Layers can slide over each other 

- Conducts electricity 

One electron in each carbon atom is free, 

delocalized, can move around in layers to 

conduct electricity. 

 

 Simple Molecular 

Separate molecules, containing a fixed number 

of atoms, with weak intermolecular forces 

between the molecules.  

Strong covalent bonds between atoms in a 

molecule, but weak intermolecular forces 

among molecules. (Eg. Cl2, CO2, N2 ) 

 

 

There are several properties of simple molecular 

- Low melting and boiling points 

Weak intermolecular forces between 

molecules 

- Tends to be insoluble in water and 

soluble in organic substances 

Due to similar forces between molecules 

- Doesn’t conduct electricity 

Molecules don’t have overall charge 

 

f .  l i qu i d  st ate  

There are very few empty spaces present in liquids.  

The interactive forces present in liquid are more than 

gases and less than solids.  

When a liquid substance is poured into a container, it 

takes the shape of the container, and, as long as the 

substance stays in the liquid state, it will remain inside. 

Furthermore, when a liquid is poured from one 

container to another, it retains its volume (as long as 

there is no vaporization or change in temperature) but 

not its shape.  

These properties serve as convenient criteria for 

distinguishing the liquid state from the solid and 

gaseous states. Gases, for example, expand to fill their 

container so that the volume they occupy is the same as 

that of the container. Solids retain both their shape and 

volume when moved from one container to another.  

 

g .  ex erc i se  

1) Calculate the volume occupied by 0.500 mol of 

carbon dioxide at a pressure of 150 kPa and a 

temperature of 19 °C. 

2) A gas cylinder contains 10 kg of oxygen at a pressure 

of 20 bar at 25°C. Calculate the volume of the cylinder, 

in m3! (1 bar ≡ 10 5 Pa) 

3) Solid carbon dioxide, CO2, is similar to solid iodine, I2in 

its structure and properties. Carbon is in Group 14. 

Silica, SiO2, is a Group 14 compound. 

What are similarities between them? 
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 H .  SOL U T I ONS  

1)  150 kPa = 150 000 Pa 

19 °C = 19 + 273 = 292 K 

𝑉 =  
𝑛𝑅𝑇

𝑃
 

𝑉 =  
(0,5)(8,31)(292)

150.000
 

𝑉 =  
1.213,26

150.000
 

V =  8, 09 x 10 -3 m3 

 

2) 𝑀 = (16.02 × 2)g mol −1  

         = 32.04 × 10 −3 kg 

𝑛 =  
𝑚

𝑀
 

𝑛 =  
10 𝑘𝑔

32,04 𝑘𝑔/𝑚𝑜𝑙
 

n = 312 mol 

T = 25 + 273 = 298 K 

𝑝 = 20 bar × (105 Pa bar −1 ) 

p = 20 × 105 Pa = 20 × 105 J m−3 

𝑉 =  
𝑛𝑅𝑇

𝑃
 

𝑉 =  
(312)(8,31)(298)

20 𝑥 105 𝐽/𝑀3  

𝑉 =  
772.630,56

20 𝑥 105 𝐽/𝑀3 

V = 0,387 m3 

 

3)  Both solids, i.e., solid CO2 (dry ice) and solid SiO2

 exists in a lattice structure. 
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