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THERMODYNAMICS

KEY POINTS-

The branch of science which deals with the
quantitative relationship between heat and other
forms of energies is called thermodynamics.

Some Important Terms Related to Thermodynamics

(i) System : It refers to that part of universe in
which observations are made.

(i)  Surroundings The remaining part of
universe other than the system is known as
surroundings.

(i) Boundary : The wall that separates the system
from the surroundings is called boundary.

Types of Systems

(i) Open system : In open system, there is ex-
change of both energy and matter between
system and surrounding.

(i) Closed system : In closed system, there is
exchange of energy only between system and
surrounding.

(iii) Isolated system : In isolated system neither
energy nor matter is exchanged between sys-
tem and surrounding.

Intensive Properties : A property which do not
depend on the quantity or size of matter present in
the system is known as Intensive properties. e.g.
temperature, density, pressure etc

Extensive Properties : A property whose value
depends on the quantity or size of matter present
in the system is known as extensive properties.
e.g. mass, volume, internal energy, enthalpy, heat
capacity etc.

State functions : The variable whose values depend
only on the state of the system and not on how it
is reached is known as state functions.e.g., AU, AH,
AG, volume, temperature, pressure etc.

Path functions These depend upon the path
followed, e.g., work, heat, etc.

Thermodynamic Process : It is the operation which
brings change in the state of the system. The
different types of thermodynamic processes are :-

(i) Isothermal process : In which temperature
remains constant. (AT = 0)

(i)  Isochoric process : In which volume remains

constant. (A V = 0)
(iii) Isobaric process :
constant. (AP = 0)

In which pressure remains

(iv) Adiabatic process : In which there is no trans-
fer of heat between system and surroundings.

(@ =0).
(v) Cyclic process : It is a process in which
system returns to its original state after

undergoing a series of change, i.e., AU cyclic
= 0; AH cyclic = 0

(vi) Reversible process : A process or change is
said to be reversible, if a change is brought
out in such a way that the process could, at
any moment, be reversed by an infinitesimal
change.

(vii) Irreversible process : The processes other

than reversible processes are known as

irreversible processes. All natural processes

are lIrreversible.

Internal Energy (U) : It is the total energy within
the substance. It is the sum of all types of energies
of the system like chemical, electrical, mechanical,
vibrational, translational, etc. It is a extensive
property and state function.

Zeroth Law of Thermodynamics or Law of Thermal
Equilibrium : This law states that, if the two systems
are in thermal equilibrium with a third system then
they are also in thermal equilibrium with each other.

First Law of Thermodynamics : It states that, The
energy of an isolated system is constant.

Mathematically, AU = q + w
Sign convention

(i) g is + ve , when heat is transferred from the
surroundings to the system.

(i) q is - ve , when heat is transferred from
system to the surroundings.

(iii) w is + ve , when work is done on the
system.

(iv) wis-ve, when work is done by the system.
Modes of Transference of Energy:

Heat (q) and Work (w)
Expression for Pressure - Volume Work

(i) For isothermal irreversible change
q = -W = Pex( Vi - Vi)
(i)  For isothermal reversible change
g =-w = 2.303 nRT log Vi / V;
AU = Wayq

(iv) For isothermal expansion of an ideal gas into
vacuum, w = 0

(i)  For adiabatic change, q =0,




Heat Capacity

(i)

(if)

(iif)

Heat Capacity of a System(C) : Heat Capacity
of a system is defined as the amount of heat
required to raise the temperature of a system
by 1° C.

Molar Heat Capacity(Cm) : The quantity of
heat required to raise the temperature of one

mol of a substance by one degree celsius (
or one kelvin) is called molar heat capacity.

Specific Heat Capacity(c) : The quantity of
heat required to raise the temperature of one
unit mass of a substance by one degree
celsius ( or one kelvin) is called specific heat
capacity.

Heat (@) = m x ¢ x AT
mass of substance
¢ = specific heat or heat capacity

where, m =

AT = change in temperature

Relation between Cp (Molar heat capacity
at constant pressure) and C, (Molar heat
capacity at constant volume) for one mol of
ideal gas

Cp - Cv = R (where R is universal gas constant)

Enthalpy (H) : It is defined as sum of inter-
nal energy and pressure-volume work. It is a
state function and extensive property.

Mathematically, H = U + PV

Like U, absolute value of H also cannot be
known, AH is determined experimentally.
AH = H2 - H1 = AHp - AHR

For exothermic reaction AH = -ve and for
endothermic reaction AH = +ve. Relationship
between AH and AU

AH = AU + An(g) RT

Here, Ang) =
moles.

change in the number of gas

Enthalpy or Heat of Reaction (ArH)

It is the change in enthalpy that accompanies
a chemical reaction represented by a balanced
chemical equation.

AH = AH(p) - AHR)
Factors affecting enthalpy of reaction

(i)  Physical state of reactants and products.
(i)  Allotropic forms of elements involved.

Chemical composition of reactants and
products.

Amount of reactants.

(v) Temperature.

Various Forms of Enthalpy of Reaction
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Standard enthalpy of reaction(ArHO) : The
standard enthalpy of reaction is the enthalpy
change for a reaction when all the participating
substances are in their standard states.

The standard state of a substance at a
specified temperature is its pure form at 1
bar.

AH® = [sum of standard enthalpies of
formation reactants] - [sum of standard
enthalpies formation of products]

Standard enthalpy of fusion (AfusHo) : The
enthalpy change that accompanies melting of
one mole of a solid substance in standard
state is called standard enthalpy of fusion or
molar enthalpy of fusion.

standard enthalpy of vaporization (AvapHo) :
Amount of heat required to vaporize one mole
of a liquid at constant temperature and under
standard pressure (1bar) is called its standard
enthalpy of vaporization or molar enthalpy of
vaporization.

Standard enthalpy of sublimation(AsusH®)

Standard enthalpy of sublimation, is the
change in enthalpy when one mole of a solid
substance sublimes at a constant temperature
and under standard pressure (1bar).

Standard enthalpy of formation(AfHo) : The
standard enthalpy change for the formation of
one mole of a compound from its elements in
their most stable states of aggregation (also
known as reference states) is called Standard
Molar Enthalpy of Formation.

Standard enthalpy of combustion (AcHo):
Standard enthalpy of combustion is defined
as the enthalpy change per mole (or per unit
amount) of a substance, when it undergoes
combustion and all the reactants and products
being in their standard states at the specified
temperature.

Enthalpy of atomisation (AaHo): [t is the
enthalpy change on breaking one mole of
bonds completely to obtain atoms in the gas
phase.

Enthalpy of solution(AsoiH®) Enthalpy of
solution of a substance is the enthalpy change
when one mole of it dissolves in a specified
amount of solvent.

Enthalpy of Neutralisation (AnHo) 1t is the
enthalpy change that takes place when 1
g-equivalent of an acid (or base) is neutralised
by 1 g-equivalent of a base (or acid) in dilute
solution. Enthalpy of neutralisation of strong



acid and strong base is always constant, i.e.,
57.1 kJ.

Hess’s Law of Constant Heat Summation :
This law states that the change in enthalpy for
a reaction is the same whether the reaction
takes place in one step or in a series of
steps.

According to Hess’s law

AH = AH1 + AH2 + AH3

Applications of Hess’s law are

(a) In determination of heat of formation.
(b) In determination of heat of transition.
(¢) In determination of heat of hydration.
(d) To calculate bond energies.

Bond Enthalpy(AbondHO) : It is the average
amount of energy required to break one mole
of bonds in gaseous molecules.

Bond Dissociation Enthalpy(AdissH0)
The energy required to break the particular
bond in a gaseous molecule is called bond
dissociation enthalpy.

In diatomic molecule, bond dissociation
enthalpy = Bond enthalpy

In polyatomic molecule, bond dissociation
enthalpy # Bond Enthalpy

ArH = [sum of bond enthalpies of reactants]
- [sum of bond enthalpies of products]

Entropy (S) : Entropy is defined as a measure
of randomness or disorder of a system.

The change in entropy during a process is
mathematically given as

ArS® = ¥8° (products) - £S° (reactants) = Qrev
/I T=AH/T

Spontaneous Process A spontaneous
process is an irreversible process and may
only be reversed by some external agency. All
natural processes are spontaneous process.

Second Law of Thermodynamics : The
entropy of the universe is always Increasing
in the course of every spontaneous or natural
change. ASuniverse > 0 or ASsyst + ASsurr > 0

Gibb’s Energy or Gibb’s Free Energy : A
function which is used to measure the maximum
amount of work done in a thermodynamic
system at a constant temperature and pressure
is called Gibbs free energy.

Mathematically, G = H - TS

Change in Gibbs energy during the process
given by Gibbs Helmholtz equation :

AG = AH - TAS

The Gibbs energy criterion of spontaneity
If AG > 0, process is non-spontaneous
If AG < 0, process is spontaneous

If AG = 0, process is in equilibrium state

Third Law of Thermodynamics : As the
temperature of any pure crystalline substance
increases towards absolute zero, the entropy
also increases towards zero.

Relation between Gibb’'s Free Energy and
Equilibrium constant

AG = - 2.303 RT log Kc
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st a3t 3R AegraTyr Ruis # gay
AG = - 2.303 RT log Kc

MULTIPLE CHOICE QUESTIONS
a5 ICE TR DR EGH

The enthalpies of all elements in their
standard states are :

(a) unity
(b) zero
{(c) <O
(d) different for each element

gaﬁ dcal 1 Tededt 3T Heel - rawT A e
(a) 1S
(b) Y
(c) <0

(d) |8 dedl & fow et gl &

For the process to occur under isothermal
condition , the correct condition is :

(@ aq=0 (b) Ag=0

() AT=0 (d T=0

TH YHA F FHaanr IREgfadt # @ F v,
@ foufa Ig &

(@ q=0 (b) Aq=0

() AT=0 (d T=0

For the reaction , 2Cl (g)—Cl2 (g); the signs
of AH and AS are respectively ?

(a) +ve & -ve (b) -ve & -ve

(c) +ve & +ve (d) -ve & +ve
HfAfFAT 2C1 (g) — Cla(g); & faw, AH 3k
AS & Reg waAUA: §

(a) +ve & -ve (b) -ve & -ve

(c) +ve & +ve (d) -ve & +ve

The criteria for spontaneity of a reaction at
constant pressure and temperature is :

(@ AH>0 by AS<0

() AG<0 (dAG>0

R gamm 3R dueEE W oafRfEe fr @
yafddr T AFES &

(@) AH>0 by AS<0

(¢ AG<O (d AG>0

In the relation, H = U + PV, U represents :
(a) universal energy

(b) gibbs energy

(c) thermal energy

(d) internal energy

gaer H = U + PVA, U gaifar ¢ :

(a) TEHHS Forr (b) frsst ol
(c) wer St (d) 3iaRe Feft
Intensive properties is :

(a) Enthalpy (b) Temperature
(c) Volume (d) Entropy
TET IOT &

(a) Tdedr (b) aTIHTT

(c) 3 Ids (d) uegrdr
System + surrounding = ?

(a) energy (b) space

(c) world (d) universe
e + aR@er = 2

(a) 3t (b) 3aRar

(c) faea (d) sEATE

According to the movements of matter and
energy, in and out of the system, system is
classified into:

(a) four types (b) three types

(c) two types (d) one types

AT & 37eT 3 TEY verd 3T FeT & wEwor

& AR, fAFrr B Feffpa frar @ @

(@) IR YR (b) e PR

(c) ar SR (d) TH IFR

In open system ,there is:

(a) exchange of both energy and matter
between system and surrounding

(b) exchange of energy only between
system and surrounding

(c) exchange of matter only between
system and surrounding

(d) neither energy nor matter is exchanged
between system and surrounding.

ga s #, g e

(a) T 3R gRAew & T FaT 3R geF
Xl T 3TeT-eTeT

(b) o= 3R aRAer & 9T Faa FaT 1
JTETA-SETeT

(c) Taera 3R 9w & T Had goT &
JTETA-YeTeT

(d) T 3R aRayr & & = ar Far AR T
& 9T I e -l &I &l

In closed system , there is :

(a) exchange of energy and matter between
system and surrounding

(b) exchange of energy only between
system and surrounding

(c) exchange of matter only between



