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THERMODYNAMICS



SYSTEM : A selected part of the universe under thermodynamic investigation

SURROUNDING : All other parts of the universe outside the system

UNIVERSE : System + Surrounding

Open System Closed System Isolated System

Exchange Energy & Matter

Hot Tea in open cup

Only Exchange Energy

Hot Tea in closed cup

Neither Exchange Energy nor 
Matter
Hot Tea in Thermos flask

Types of System



PROPERTIES EXTENSIVE 
PROPERTIES

INTENSIVE
PROPERTIES

STATE FUNCTIOIN PATH FUNCTION

DEFINITION Depends on the 
amount of matter 
present in the 
system

Independs on the 
amount of matter 
present in the 
system

Independs on 
the path, 
depends on the 
state of a 
system

Depends on the 
path

EXAMPLES Mass, Volume, 
Internal 
energy,Heat
capacity, No. of 
moles

Pressure, 
Temperature, 
Surface tension, 
Viscosity, Melting 
Point, Boiling 
Point, specific heat

Enthalpy Work, Heat



SR. 
NO

Types of Processes Definitions Symbols

1 Isothermal Process Temperature Constant
Internal Energy Constant

∆T = 0, 
∆U = 0

2 Adiabatic Process Heat does not exchange with the 
surroundings
Temperature changes

q = 0

3 Isobaric Process Pressure Constant ∆P = 0

4 Isochoric Process Volume Constant ∆V = 0

5 Reversible Process Driving & Opposing Forces differ by 
an infinitesimal amount



SR.NO Symbols Sign Meanings

1 Q (+) ve Heat Absorbed

2 Q (-) ve Heat Evolved

3 W (+) ve Work done by the surrounding

4 W (-) ve Work done by the System

5 ∆H (+) ve Endothermic

6 ∆H (-) ve Exothermic

7 ∆S (+) ve Spontaneous

8 ∆S (-) ve Non-Spontaneous

9 ∆S 0 Equilibrium

10 ∆G (+) ve Non-Spontaneous

11 ∆G (-) ve Spontaneous

12 ∆G 0 Equilibrium

Sign Conventions



Law of Thermodynamics
SR.
NO.

LAW STATEMENT

1 1st Law of 
Thermodynamics

Energy of the Universe remains constant

Total Internal Energy of an isolated system constant

Energy neither created nor destroyed an only be converted 
from one form to another
∆U  = Q+W  
Isothermal process, i.e ∆U =0 hence W = -Q, 
Adiabatic Process, i.e q=0 hence ∆U = W,
Isochoric process, i.e ∆V=0,W=0 hence ∆U = Q 



SR.
NO.

Law Statement

2 2nd Law of 
Thermodynamics

Total Entropy of a system and its surroundings increases 
in a spontaneous process
∆S total =  ∆S sys + ∆S surr >0



Law Statement

Hess’s Law The law states that Overall Enthalpy change for a reaction is equal to 
sum of enthalpy changes of individual steps in the reaction
Or
Enthalpy is a state function 
(∆H depends only on initial & final steps not on the path followed by 
reaction.)



TERMS Definitions

Work [W] Work is defined as The energy by which body is displaced 
through distance d with an application of force.
W = f . d

Internal Energy [U] Every Substance is associated with a definite amount of energy, 
this stored energy in a substance is called as internal Energy.
Internal Energy = Potential Energy + Kinetic energy

Enthalpy [H] Enthalpy of a system is sum of Internal Energy of a system and 
the energy equivalent to PV work
H = U + PV

Entropy [S] Entropy is a measure of molecular disorder or randomness.
∆S = Qrev / T

Gibbs Free Energy [G] The Gibbs energy is defined as G = H - TS



Terms DEFINITIONS- Enthalpy change when

Enthalpy of 
Fusion

One mole of Solid converted into Liquid at constant Temp & 
Pressure

Enthalpy of 
Vaporization

One mole of Liquid converted into Gas (vaporized) at constant Temp 
& Pressure

Enthalpy of 
Sublimation

One mole of Solid converted into Gas at constant Temp & Pressure

Enthalpy of 
Ionization

One mole of gaseous atom removes electron

Enthalpy of 
Atomization

One mole of gaseous atom dissociates into atoms 

Enthalpy of 
solution

One mole of a substance is dissolved in a specific amount of solvent



Terms DEFINITIONS- Enthalpy change when

Standard Enthalpy of 
formation

One mole of pure compound formed in its std state from its 
elements in their std states

Enthalpy of 
Combustion

One mole of the substance in its standard stateis completely 
oxidised

Bond Enthalpy Break particular covalent bond in One mole of gaseous molecule 
to produce gaseous atoms/ radicals

Enthalpy of Chemical 
Reaction

∆H = ∑ H products - ∑ H reactants

Enthalpy of Chemical 
Reaction
[If Bond Enthalpy 
given]

∆H = ∑ Hreactants- ∑ Hproducts







H = U + PV  
U = Internal Energy

P = Pressure,
V = Volume

H1 =U1 + P1V1                 
H1= Initial Enthalpy

H2 = U2 + P2V2                
H2 = Final Enthalpy

∆H = H2 – H1
∆H = ( U2 + P2V2 ) + ( U1 + P1V1 )
∆H = ( U2-U1 ) + ( P2V2 – P1V1 )

∆H = ∆U + ( P2V2 – P1V1 )
At constant Pressure, P = P1 = P2

∆H = ∆U + ( PV2 – PV1 )
∆H = ∆U + P( V2 – V1 )

∆H = ∆U + P ∆V

Asume reactants & products behaves Ideally,

Applying Ideal Gas Equation, PV = nRt
P1V1 = n1RT  , P2V2 = n2 RT
∆H = ∆U + ( P2V2 – P1V1 )
∆H = ∆U + ( n2RT  – n1RT )

∆H = ∆U + ( n2 – n1 ) RT
∆H = ∆U + ∆ng RT                         

∆ng = no.of moles of gaseous products – no of 
moles of gaseous reactants

Derive relation between ∆H  &  ∆U  


