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11th Standard - Chemistry

Thermodynamics

e Important Terms and Definitions
System: Refers to the portion of universe which is under observation.
Surroundings: Everything else in the universe except system is called

surroundings. The Universe = The System + The Surroundings.

Fig. 6.1 Sys!en; and the: surroundings

Open System: In a system, when there is exchange of energy and matter
taking place with
the surroundings, then it is called an open system.

For Example: Presence of reactants in an open beaker is an example of an
open system. Closed System: A system is said to be a closed system when

there is no exchange of matter ‘ but exchange of energy is possible.
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For example: The presence of reactants in a closed vessel made of conducting
material.

Isolated System: In a system, when no exchange of energy or matter takes
place with the surroundings, is called isolated system.

For example: The presence of reactants in a thermoflask, or substance in an

insulated closed vessel is an example of isolated system.

(b) Closed System
Fig. 6.2 Open, closrd and isolated system.

() Open Sysem (© Iolated Systen

Homogeneous System: A system is said to be homogeneous when all the
constituents present is in the same phase and is uniform throughout the
system.

For example: A- mixture of two miscible liquids.

Heterogeneous system: A mixture is said to be heterogeneous when it

consists of two or more phases and the composition is not uniform.
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For example: A mixture of insoluble solid in water.’

The state of the system: The state of a thermodynamic system means its
macroscopic or bulk properties which can be described by state variables:
Pressure (P), volume (V), temperature (T) and amount (n) etc.

They are also known as state functions.

Isothermal process: When the operation is carried out at constant
temperature, the process is said to be isothermal. For isothermal process, dT =
0 Where dT is the change in temperature.

Adiabatic process: It is a process in which no transfer of heat between
system and surroundings, takes place.

Isobaric process: When the process is carried out at constant pressure, it is
said to be isobaric.i.e.dP =0

Isochoric process: A process when carried out at constant volume, it is
known as isochoric in nature.

Cyclic process: If a system undergoes a series of changes and finally returns
to its initial state, it is said to be cyclic process.

Reversible Process: When in a process, a change is brought in such a way that
the process could, at any moment, be reversed by an infinitesimal change. The

change r is called reversible.

QB365-Question Bank Software



QB365-Question Bank Software

e Internal Energy

It is the sum of all the forms of energies that a system can possess.

In thermodynamics, it is denoted by AM which may change, when

— Heat passes into or out of the system

— Work is done on or by the system

— Matter enters or leaves the system.

Change in Internal Energy by Doing Work

Let us bring the change in the internal energy by doing work.

Let the initial state of the system is state A and Temp. Ta Internal energy = ua
On doing’some mechanical work the new state is called state B and the temp.
Ts. It is found to be

Tg>Ta

ug is the internal energy after change.

s~ Au=ug-ua

Change in Internal Energy by Transfer of Heat

Internal energy of a system can be changed by the transfer of heat from the
surroundings to the system without doing work.

Au=q
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Where q is the heat absorbed by the system. It can be measured in terms of
temperature difference.

q is +ve when heat is transferred from the surroundings to the system. q is -ve
when heat is transferred from system to surroundings.

When change of state is done both by doing work and transfer of heat.
Au=q+w

First law of thermodynamics (Law of Conservation of Energy). It states that,
energy can neither be created nor be destroyed. The energy of an isolated
system is constant.

Au=q+w.

e Work (Pressure-volume Work)

Let us consider a cylinder which contains one mole of an ideal gas in which a

frictionless piston is fitted.

Total volume of the gas = 17
FPressure of the gas — &
extermnal pressure — P
If P = P
final volume = W,
MDistance mowed by the pistomn — F
cross—-sectional area of pistomn = A
wolume change AV = [ = A4 = (Ve — Vo
_ T
2= 4

Pressue p 7

ol errrues, W

Fig. 6.3 WVork gorne on arn ideal gas in a cylinder wihern if is compressed by @ constant exterrral
pressore, o (T singfe step) is egoral (o the shraded ares.

QB365-Question Bank Software



QB365-Question Bank Software

F=PxA
W= F x d. (force x distance)
=P xAxI=P (-AV)

W=-PAV
~ve sign is used for work done by the system in case of expansion in vnlume by convertions.
Ifin a system volume expands from Vy to ¥,

Fi
W= -|P,dv

¥
 Work Done in Isothermal and Reversible Expansion of Ideal Gas

= _f P dV = -f{P; +dP)dV
V. V.

Since dP x dV is very small we can write,

1
WI‘E\I‘. 4 —_.I‘P:"dv
For ideal gas PV = nRT
p = nRT
Vv
Therefore, at constant temperature,
Vi
dv Vi
W, = = nRT—-=-nRTIn -

v i

Vs
= — 2303 nRT log A
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e Isothermal and Free Expansion of an Ideal Gas
For isothermal expansion of an ideal gas into vacuum W = 0

Since, P,, = 0
AU =0, g=0
(1) For isothermal irreversible change
g=-W =p, (V- V)
(2) For Enthermai reversible chemge

= w—nRTme
9= -W= vV

L

v
2.303 nRT log v

0
wnd

For adiabatic change g
AU

« Enthalpy (H)

It is defined as total heat content of the system. It is equal to the sum of
internal energy and pressure-volume work.

Mathematically, H = U + PV

Change in enthalpy: Change in enthalpy is the heat absorbed or evolved by
the system at constant pressure.

AH = qp

For exothermic reaction (System loses energy to Surroundings),

AH and qp both are -Ve.
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For endothermic reaction (System absorbs energy from the Surroundings).
AH and qp both are +Ve.
Relation between AH and Au.

Let us consider a general reaction A —— B
Let H, be the enthalpy of reactant A and Hy be that of the products.

H, = U, +PV,

Hy = Uy +PV,

AH = Hy-H,

= (Uy+ PVy) - (U, + PV,)
AH = AU + PAV (Hy - H,)
AH = AU+ PAV
At constant pressure and temperature using ideal gas law,

PV, = n, RT (For reactant A)

PV, = ng RT (For product B)

Thus, PVy~ PV, = ng RT —n, RT
= (ng —n,) RT
PAV = 33-”3 RT

AH = .&U-‘-MERT

» Extensive property

An extensive property is a property whose value depends on the quantity or
size of matter present in the system.

For example: Mass, volume, enthalpy etc. are known as extensive property.

e Intensive property

Intensive properties do not depend upon the size of the matter or quantity of
the matter present in the system.

For example: temperature, density, pressure etc. are called intensive
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properties.

e Heat capacity

The increase in temperature is proportional to the heat transferred.

q = coeff. x AT

q = CAT

Where, coefficient C is called the heat capacity.

C is directly proportional to the amount of substance.

Cn=C/n

It is the heat capacity for 1 mole of the substance.

e Molar heat capacity

It is defined as the quantity of heat required to raise the temperature of a
substance by 1° (kelvin or Celsius).

« Specific Heat Capacity

It is defined as the heat required to raise the temperature of one unit mass of a
substance by 1° (kelvin or Celsius).

q=CxmxAT

where m = mass of the substance

AT =rise in temperature.
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* Relation Between C, and C, for an Ideal Gas

At constant volume heat capacity = Cv

At constant pressure heat capacity = C,

At constant volume qv= C,AT = AU

At constant pressure qp = C, AT = AH

For one mole of an ideal gas

AH =AU + A (PV) = AU + A (RT)

AH = AU + RAT

On substituting the values of AH and Au, the equation is modified as
Cp AT = CyAT + RAT

or C,-Cy=R

e Measurement of AU and AH—Calorimetry

Determination of AU: AU is measured ina special type of calorimeter, called

bomb calorimeter.

Thermometer
Firing leads
Oxyegen inlet

Stirrer

Sample
—]

Bomb
—_—

Fig. 6.4 Bomb calornmeter
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Working with calorimeter. The calorimeter consists of a strong vessel called
(bomb) which can withstand very high pressure. It is surrounded by a water
bath to ensure that no heat is lost to the surroundings.

Procedure: A known mass of the combustible substance is burnt in the
pressure of pure dioxygen in the steel bomb. Heat evolved during the reaction

is transferred to the water and its temperature is monitored.

During the process volume remains constant

AV =0
Temperature change of the calorimeter is converted to g,.
The value of AU can be calculated using the formula.

AU = Q x AT x M
m
Q = heat capacity of the calorimeter.
AT = rise in temperature.
m1 = mass of the substance taken
M = Molecular mass of the substance.

Determination of AH: At constant pressure heat evolved or absorbed is Ag, is equal to the

heat of reaction or enthalpy of reaction

In exothermic reaction, Ag, and A H both will (be —ve
(negative).

In endothermic reaction, Ag, and A H both will be +ve
(positive).

Heat change at constant pressure can be done in a
calorimeter shown in the fig. 6.5.

Enthalpy Change A H of a reaction

The enthalpy change in a chemical reaction is given by
the symbol A H.

AH = (Sum of enthalpies of
products) — (Sum of enthalpies of reactants)

AH= Zﬂ iH products — Zb iH reactants
a; and b, are the stoichiometric coefficients.
Standard enthalpy of reactions: When reaction takes

Thermometer

Foamed polystyrene

cup

Reaction mixture

place at the standard state of substance the enthalpy of Fig. 6.5 Calorimeter for measuring
reaction is known as standard enthalpy. heat changes at constant pressure
It is denoted by AH®. {atmospheric pressure).
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e Enthalpy Changes During Phase Transformation
Enthalpy of fusion: Enthalpy of fusion is the heat energy or change in
enthalpy when one mole of a solid at its melting point is converted into liquid

state.

For example: Enthalpy of fusion of ice at 273 K is 6.0 k] mol!
H,0 () —— H,0 ()

10e water
A, H® = + 6.0 k] mol™
Enthalpy of vaporisation: It is defined as the heat energy or change in
enthalpy when one mole of a liquid at its boiling point changes to gaseous
state.
For example:

H,0 () —— H,0(g)
A‘,ap H® = 40.79 k] mol?

Enthalpy of Sublimation: Enthalpy of sublimation is defined as the change in
heat energy or change in enthalpy when one mole of solid directly changes
into gaseous state at a temperature below its melting point.

For example: I,(s) = L,(g)
A H® = 62.4 k] mol™

sub
e Standard Enthalpy of Formation
Enthalpy of formation is defined as the change in enthalpy in the formation of
1 mole of a substance from its constituting elements under standard

conditions of temperature at 298K and 1 atm pressure.
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It is denoted as ﬁIHE.
C (graphite s) + 2H, (g) — CH, (g)
ﬁ}-le = - 74.8 k] mol™

Enthalpy of Combustion: It is defined as the heat energy or change in
enthalpy that accompanies the combustion of 1 mole of a substance in excess
of air or oxygen.

For example: CH,(g) + 20,(g) — CO,(g) + 2H,0())

A EI-IE’ = —890. 3 k] mol!
The negative sign of enthalpy change indicates that this is an exothermic reaction.

e Thermochemical Equation
A balanced chemical equation together with the value of A:H and the physical

state of reactants and products is known as thermochemical equation.

1
Hy(@) + 50, (8) = H,00)
AH® = -286.0 K] mol™!

Conventions regarding thermochemical equations
1. The coefficients in a balanced thermochemical equation refer to the number

of moles of reactants and products involved in the reaction.

2. The numerical value of A_H® refers to the number of moles of substance specified by
an equation.
3. If a chemical reaction is reversed, the value of A, H® is reversed in sign.
For example:
N,(g) + 3H,(g) — 2NH, (g)
AH® = -918 kJ mol™
2NH,(g) — Nyg) + 3H, (g)
AH® = +918 k] mol™!
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e Hess’s Law of Constant Heat Summation
The total amount of heat evolved or absorbed in a reaction is same whether

the reaction takes place in one step or in number of steps.

Let us consider the following reactions:
C (graphite;s) + O,(g) = CO, (g)
AH® = -393. 5 kjmol™

1
CO(g) + Eoz(g} = CO, (g)
AH® = -283.0 kjmol™
On combining the two reactions,

TAP
CO,(g) — CO(g) + 5 Os(8)
AH® = +283.0 kJmol™

In general it can be represented as,

e Born-Haber Cycle
[t is not possible to determine the Lattice enthalpy of ionic compound by
direct experiment. Thus, it can be calculated by following steps. The diagrams

which show these steps is known as Born-Haber Cycle.

QB365-Question Bank Software



QB365-Question Bank Software

1. Na (s) —=» Na(g)
AsubH® = 108.4 k] mol™!
2. Na (g) — Na*(g) +e (g)
ionization enthalpy A, H® = 496 k] mol™
1
3. *2"(312 (g) — Cl(g)

1
bond dissociation enthalpy = Ayong H® = 121 k] mol™?
4. Clg) +e (g) — Cl°(g)
The electron gain enthalpy A, H® = —348.6 K] mol™!
5. Na* (g) + CI" (g) — Na*Cl™ (s)

Na'(g) + Cl(g)
N 1
E ¥ Byt :
]
: E
Na'(g) +1/2CL,(g) Z| aH"
E ,5,‘]-1'
& v
: Na'(g) +C1(g)
Na'(g) +1/2CL{g)
25|~
Yoz
Mafs) + 1/2CL{g) Bueet
7 E[ &7
L 4 L 4
MaCl(s)

Fig. 6.6 Enthalpy diagram for lattice enthalpy of NaCl

Applying Hess’s law :
A wice H® = 411.2 + 1084 + 121 + 496 - 348.6
Alaice HZ = +788 K]

e Spontaneity
Spontaneous Process: A process which can take place by itself or has a

tendency to take place is called spontaneous process.
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Spontaneous process need not be instantaneous. Its actual speed can vary
from very slow to quite fast.

A few examples of spontaneous process are:

(i) Common salt dissolves in water of its own.

(ii) Carbon monoxide is oxidised to carbon dioxide of its own.

» Entropy (S)

The entropy is a measure of degree of randomness or disorder of a system.
Entropy of a substance is minimum in solid state while it is maximum in
gaseous state.

The change in entropy in a spontaneous process is expressed as AS

Mathematically,
Change in entropy (AS) = Sp  ~  Sisial
state state
(product) (reactions)

For reversible and isothermal process,
9.y _ AH
T T
When a system is in equilibrium, AS =0
Second law of thermodynamics: The entropy of universe is continuously increasing due tc
spontaneous processes taking place in it.
AS + AS >0ie, AS ;>0

system surrounding

Change in entropy AS =

e Gibbs Energy and Spontaneity
A new thermodynamic function, the Gibbs energy or Gibbs function G, can be

defined as G = H-TS
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AG = AH - TAS
Gibbs energy change = enthalpy change - temperature x entropy change AG
gives a criteria for spontaneity at constant pressure and temperature, (i) If AG
is negative (< 0) the process is spontaneous.
(ii) If AG is positive (> 0) the process is non-spontaneous.
 Free Energy Change in Reversible Reaction
The criterion for equilibrium

A+B=C+Dis

AG=0

When all the reactants and products are in standard state,

A G is related to the equilibrium constant of the reaction as
0 = AG®-RTInK

AG® = -RTInK

A G® = -2303 RT log K

AG® = AH®-TAS® |
= ~-RTInK ’

Since A, G® depends upon the value of A H® for strongly endothermic reactions, the value o
A H® may be large and +ve. In such case K will be much smaller than 1, and the reaction i:

unlikely to form product in large amount.

In case of exothermic reactions A H® is large and negative and A G° s likely to be large anc

negative too.
In such cases, K will be much larger than 1.

Third law of thermodynamics: The entropy of a perfectly crystalline substance is zero a

zero kelvin.
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Thermodynamics: Deals with the energy changes in chemical or physical process.
First law of thermodynamics

AU = g+ w (Where w is the work done on the system)
Change in internal energy and enthalpy is related as

AH = AU + PAV

AH = AU+ An, RT
AH is negative for exothermic reactions and positive for endothermic reactions.
Heat changes at constant pressure

AH = gq,
Hess’s law
Enthalpy change for chemical reaction can be determined by

AH = Z; (A fHroduets ) ¥ (5;A fH reactants)
Entropy: Is a measure of disorder or randomness.
For a spontaneous change, total entropy change is positive.
For Bilated system
AU =0, AS>0
Entropy change can be measured by the equation

AS = % for a reversible process.

Gibbs energy
AG =AH-TAS
For a spontaneous change
AG,,. < 0 and at equilibrium
AG, =0
Standard Gibbs energy is related to equilibrium constant by
AG® = -RTInK
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