
Properties of Pure Substance 

Properties of pure substances are the unique physical and chemical characteristics that 
define a substance and distinguish it from other substances. The properties of pure 
substances important for the GATE exam include: 

1. Physical Properties: These are the characteristics that can be observed without
changing the identity of the substance. Examples include color, odor, density,
boiling point, and melting point.

2. Chemical Properties: These characteristics describe a substance's behavior
when it reacts with other substances. Examples include reactivity, flammability,
and corrosiveness.

3. Intensive Properties: These properties do not depend on the amount of
substance present and are the same for any amount of the substance. Examples
include density, boiling point, and melting point.

4. Extensive Properties: These properties depend on the amount of substance
present and change with the amount of substance. Examples include mass,
volume, and heat capacity.

5. Density: The mass per unit volume of a substance, usually expressed in
kilograms per cubic meter (kg/m³) or grams per cubic centimeter (g/cm³).

6. Boiling Point: The temperature at which a substance changes from a liquid to a
gas.

7. Melting Point: The temperature at which a solid substance changes to a liquid.

These properties of pure substances play a crucial role in understanding the behavior of 
substances and in a wide range of industrial and scientific applications. 

What is a Pure Substance? 

A pure substance is a material with a uniform and unchanging composition; its 
properties are the same throughout. There are two main types of pure substances: 
elements and compounds. 

1. Elements: A substance that cannot be broken down into simpler substances by
chemical reactions and is made up of only one type of atom. Examples include
gold, silver, and iron.

2. Compounds: A substance of two or more elements combined in a specific ratio.
Compounds can be broken down into simpler substances by chemical reactions.
Examples include water (H2O), salt (NaCl), and carbon dioxide (CO2).

Pure substances have unique physical and chemical properties that can be used to 
identify and classify them. These properties include melting and boiling points, density, 
reactivity, and more. Understanding the properties of pure substances is crucial in a 
wide range of fields, including materials science, medicine, and the food and beverage 
industry. 







1. Pressure-Temperature (P-T) diagram: A plot of pressure versus temperature 
for a substance during a phase change. It shows the relationship between 
pressure and temperature at the saturation curve and helps to understand the 
behaviour of a substance during boiling or condensation. 

2. Pressure-Enthalpy (P-h) diagram: A plot of pressure versus enthalpy for a 
substance during a phase change. It helps to understand the relationship 
between pressure and heat content during boiling or condensation. 

3. Temperature-Enthalpy (T-h) diagram: A temperature plot versus enthalpy for a 
substance during a phase change. It helps to understand the relationship 
between temperature and heat content during melting or solidification. 

Property diagrams provide a visual representation of the thermodynamic properties of a 
substance during a phase-change process and are used in a wide range of applications, 
including energy systems, refrigeration, and industrial processes. They help to 
understand the behaviour of a substance during phase changes, which is crucial for 
optimizing energy efficiency and industrial processes. 

T-V Diagram of Pure Substance 

The T-V diagram, also known as the Temperature-Volume diagram, is a graphical 
representation of the relationship between the temperature and volume of a pure 
substance. It is used to study the thermodynamic behaviour of a substance during 
changes of state, such as during heating and cooling, or during phase transitions such 
as melting and boiling. The T-V diagram can be used to determine the specific heat, 
latent heat, and other thermodynamic properties of a substance. 

• Consider a piston-cylinder device containing liquid water at 20oC and 1 atm. 
• Water will start boiling at a much higher temperature (179.9oC) at inside pressure of the 

cylinder reaches 1 MP. 
• The specific volume of the saturated liquid is larger, and the specific volume of the 

saturated vapour is smaller than the corresponding values at 1 atm pressure. That is, the 
horizontal line that connects the saturated liquid and saturated vapour states are much 
shorter. 

• As the pressure is increased further, this saturation line will continue to get shorter, as 
shown in the figure, and it will become a point when the pressure reaches 22.09 MPa for 
the case of water. This point is called the critical point and it is defined as the point at 
which the saturated liquid and saturated vapour states are identical. 

• At pressure above the critical pressure, there will not be a distinct phase change. 
Instead, the specific volume of the substance will continually increase, and at all times, 
there will be only one phase present. It is customary to refer to the substance as 
superheated vapour at temperatures above the critical temperature and as a 
compressed liquid below the critical temperature. 











• Vav = (1-x)Vf + xVg or Vav = Vf + xVg 
• Uav = Uf + Ufg 
• hav = hf + xhfg 

Superheated Vapour 

Since the superheated region is a single-phase region (vapour phase only), temperature 
and pressure are no longer dependent properties, and they can conveniently be used 
as two independent properties. 

Superheated vapour is characterized by the following: 

• Lower pressures (p < psat at a given T) 
• Higher temperatures (T < Tsat at a given p) 
• Higher specific volumes (U > Vg at a given p or T) 
• Higher internal energies (U > Ug at a given p or T) 
• Higher enthalpies (h > hg at a given p or T) 

Compressed Liquid 

• A compressed liquid may be approximated as a saturated liquid at a given temperature. 
• This is because the compressed liquid properties depend on temperature much more 

strongly than they do on pressure.  
o V ≅ Vf 

o u≅uf 
o h≅hf 

• In general, a compressed liquid is characterized by:  
o Higher pressures (p > psat at a given T) 
o Lower temperatures (T < Tsat at a given p) 
o Lower specific volumes (V <Vf at a given p or T) 
o Lower internal energies (U < Uf at a given p or T) 
o Lower enthalpies (h < hf at a given p or T) 

Ideal Gas Equation of State 

The ideal gas law is an equation of state that describes the behaviour of an ideal gas. It 
states that at a constant temperature, the pressure times the volume of a gas is 
proportional to its number of molecules, or the gas constantly times its absolute 
temperature. 

• Any equation that relates the pressure, temperature, and specific volume of a substance 
is called an equation of state. 

• Property relations that involve other properties of a substance at equilibrium states are 
also referred to as equations of state. 

• Ideal gas equation of state: pV = RT,where, p = Absolute pressure,T = Absolute 
temperature, andV = Specific volume 

• Gas and vapour are often used as synonymous words. 










