Thermodynamics -

Thermodynamn:s describes fundamental principles ﬁ:}und in everyday bfe Masswe
structures may appear to be capable of lasting nearly indefinitely, but they are not. During
an earthquake, an old building gradually collapses on its own, but it does not rebuild on its
own. 2nd law of thermodynamics is a universal law of decay in some ways; the ultimate

cause of why everything eventually falls apart and disintegrates over time.

Topic Notes

B Thermodynamic Terms and their Applications
B Measurement and Calculation of AU and AH
Laws of Thermodynamics, Spontaneity, Gibbs's Energy Change
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THERMODYNAMIC TERMS
AND THEIR APPLICATIONS

' TOPIC1 |
THERMODYNAMIC TERMS

Itis a branch of ecience thot deals with the combined
effects of heot and waorle with stote changes.
The changes and effects of these changes follow
certain lows the lows of thermodynomics. Various

chemical reoctions release or absorb heat energu,
which is then converted into diferent usable farms

by thermodynomic lows. We cannot create or
destroy energy. Energy transformoton & bosed on
this pnndple. ond its use in different industries = o
major applbcation of thermodynamic termsa Chemical
reactions al=o have varying amounts of energy
attached to them. Energy flows from one form to
another in thermodynamics. Energy ond work done
are also studied about heat and temperoture. The lows
of thermodynomics govern the changes in energy

thaot occur during o reaction. This is independent of
the reaction rate. When it comes to thermodynamics.

we often refer to woric heot and energy as genersal
terms. Now that we lonow o bit about these terms.
let's maolke swe we understand them thoroughly
Our focus is on chemical reoctions and the energy
chonges that oocur. We need tw understand specific
thermodynomic terma to do this. Here are some of
thent

The System and the Surroundings

The system is defined as the region of o univesse
where observations can be made. and the rest of

the wniverse iz what surrounds it which i@ called
surroundings. The two components together
consttute the universe. Howsver. the chonges talang
ploce within the system do not offect the rest of
the universe. The surroundings are everything other
thon the system. In most cases. the region of space
surrounding o system ie its swrroundings.

Types of the System

The systems are further divided based on the
movement of motter and energy within and outside
the system

Open system

In an open system. energy and matter are exchanged
between the system and its surroundings A= an
example of an open eystem. an open bealer contains
reactants. Using this example, the boundary refers to
the beaker's emaginary surface and reactants.

Hear

Open system
Closed system

A closed system cannot exchange matter. but it can
exchonge energy with its surroundings. A secure
system includes reoction products in o vessel mode
af conductora. such as copper or steel

5

Syatem+Surrounding=Universe Mezs
Surspuniings !
' y,
3 System
" ; -
( \-________________,_,‘/
Boundarny
Medel of a system Ciosed system
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Insulated system

An isoloted (insulated) syszem does not exchange

energy or matter with its surroundings—an @oloted
sysiem of reactants enclosed m o themmnos flask or

any other closed. insuloted vessel

nsuloted system

Thermodynaomic properties: The propertias that are
the choracteristics (identifiable and observable) of a
system by which it can be speafied are colled thernmno-
dynomic propertes. Thermodunomic properties can
be divided into:

(1) BEctensive thermoduynomic properties: baensive
properties are thoese properties which depend
on the extent of the system That meons
extensive properties are directly relaoted (directly
proportional) to the masa. Bxamples of extensive

properties are volume. mternol energy. moss.
entholpu. entropy ezc

(2) Intensive thermodynamic properties: Intensive
properties ore those properties of the system
which do not depend on the extent of the system.
That meons intensive properties are not reloted
to the mass. Examples of intensive propertes are
temperature, pressure. densitu, etc

The State of the System

It is essentiol to describe the system before and after
the chonge. YWe wse state functions or state variables
to describe the system's state In thermodynomics.
meosurable or maocroscopic (bulk) propertes

define the state of o sustem. The state of o gos
can be expressed using its pressure (p). volume (V)L

temperature (T). amount (n). etc The state vanables

p. Vand T depend eolely on the system’s state and
not on its achievement

State functions

A thermodynaomic functon whose value depends
only on the inmiol and finol stotes of the system.
rather thon on the path tolken is colled stote
function. for example, Intermal energy. Entholpu In
state function, the number depends on the noture

of the systen. The state can never be completely
speafied but fovourably @t is not necessary to do that

ucnrene €

Path functions

Functions that depend on the path taken whie
changing from one state to onother are called path

functions. eg. worlc and heat We will now study
about some stote vanobles

The Intemal Energy as a State Function

The nternol energy U of a system is the sum of the
lonetic energy caused by the motion of molecules

and the potential energy created by the vibrationaol
mouan and electric energy of atoms within molecutes.
Chemical bonds also contribute to internal energu
There are many ways internal energy can be viewed
from o microscopic perspective This includes any
material or repulsion between molecules

A system's internal energy is a stote function and
an extensive quantity.

We caoll it the internol energy of the sustesm which
changes whemn:

(1) Ik absorbs or emits heat
(2) When work is performed on or by the system.

(3) B motter moves in or out of the system.

Work

Consider a thermos flosk it would not allow
the exchange of heot between the system and
surroundings through its boundaory. Such o wpe of
system is called aodiabatic. An adiobatc process is
a process where no exchange of heat will happen

between the system and the sunroundings and the
wall eeporating @t is called an adiabatic wall Warlk is

defined as the amount of energy exchonged between
it and te surroundings. Worlk is entirely governed by
externol factosrs such os an externol force. pressure
or volume. temperature change. etc. According to
IUPAC conventions in chemical thermodynamics. the
positive eign indicates that the waorl is positive when
worl is done on the system, mcreasing the system's
mnternal energy and if the system does the warlc
work will be negative because the system's internal
energy deceoses.

Adiabatic system which does not penwit
the wransfer of heat through ts boundary
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This eperiment was done by JP. Joule He showed

thaot the amount of work done producss the some
change of state wrespective of the system's poth

meosured by the chonge in temperoture. Consider

the system's initiol state as A. the temperature of the
system os T, and the internol energy of the system

os U,. The state of the system can be cltered n two
different wauys

(1) When mechonical work of 1 J is done by

rotating poddles o maoke the water churm. Now
the system moves to the new state B. and &s

temperature is Ty and internol energy is Ug The
change in internol energy B ia AU = Up - U
(2) An equol amount of electrical woric done by

immersing rod and change in temperature s
noted as T,—T, same os that of the earlier case

It & concluded that an adiobatic change tw bring
change in the system is equol to the difference in the
volue of U in one state and another state.

AU = UE_ U1 = wud
Mechonical work done by the system

Consider a cyl;mder containing one mole of an ideal
gos fitted with o fncuonless piston The towol volume

of gos & V, and the pressure of the gas inside the
cybnder is p.

If ecernol pressure is p_ greater than the inside
pressure p of the gos (p_, >p) the piston will move
inward tll both pressures become equal to p_,
Considering this takes plaoce in o single step then
the finol volume would be V, During this process of
compression, the distonce moved by the piston &
[ and A is the cross-sectonol area of the piston

Vi Vi \blumeV

> [ >
The change in volume = (V;-V)

fosce

We lenow that pressure =

wigle
Therefore. foros on the piston = p_ A

If w is the worl done on the system by the movement
of the piston then

w = force x distance
= pﬂ AI
=p_, (AV)
=~ Py “UF _UI}
The megotve sign of this expression = to obtain
o posithve sign for worc It indicates, in case of
compression wark s done on the system and (V; -V)
i2 negative and multplied by agoin negative will give
o positive sign for work. If the pressure is chonging
during the compression process, then oll the pressure

[~ [=A=AV]

values are summed up and it is equol o —Zp&h’.

p

s v

Wolume (V)

p-V plot when pressure [= not constant and changes fn
finize ateps durbng compression from initlal volume to
the finc! volume work dane on the gas k=
repsesented by the shaded area

If the pressure of the gas is not constant but changes
in the process are olways infinitesimally then the
volunne will be decreosed by an infinitesimal amount
dV. The work done on the gas can be calculated by

w:] p_dv

=

(1) During each stage of the compression process.
P = (b, +dp)

(2) In the cose of the e@aonsion process.
P, = (b, — dp) (excemal pressure less than
pressure of the system).

(3) In generol we can write. p_ = (p,, £ dp) these
processes are called revessible processes.

Note:

(1) Sign of w: When the system's volume inoeases.
w is —ve. and when it decreoses. w i3 +ve

(2) Sign of U If the system's temperature decreases
or the product of pressure and wvalume (pV)
decreoses. then U becomes —ve otherwise. U
becomes positive
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Reversible and irreversible process: If a process or
chaonge is brought obout so that it could be reversed
at any time by o tuny change. it is soid to be reversible
Reversible processes proceed infinitely slowly by o
geres of equilibrium states. such that the system and
ite surroundings are nearly in equilibrium. The term
irreversible refers to processes other than reversible

proossees.

Work done for reverstble process with the internal
presswe can be written ox

w__ =-?p_d1f
5
e
5
Since dp x dV = very emaoll so we can write
Eml:rl:tr.u’ L thf

Now. os we [now from the ideal gos equation
pV = nRT. For n mole of an ideol gos:

nRT
P=—
"4
At constant temperature (Isothermol process)
|7
dVv
T -
z "4
=—nFETI1n£
i
V
=—2303 nRTlog-L
v
p
Ve Volume (V) Vi

p =V plot when pressune = not constant and changes n
infenite steps (reverzible condiions) during compression
from Initiol to final volume Work done on the gas =
represented by the ehaded area

Heat

In thermodynomics. heot &= defned as the
linetic energy of molecules. Together, heot and
thermoduynamics provide the baosis for process
designers and engmeers to opbomize their processes

and horness the energy assocated with chemical
reoctons. from higher to lower temperatures. heat

FMOVES.

Swrroundings are represented by the shoded area

Consider o contoiner containing water at temperature
T, haoving thermally conducting walls made of
copper enclosed in o heot reservoir at temperature
Ty The heot energy obsorbed by water in terms of
temperature difference is T-T,. The change in internal
energy is AU = g (No wark done at constont volume).

We con also change the internol energy without
exerting any effort by tronsfermng heat from the
surroundings to the system or vice versa. According
to TUPAC corwentions in chemical thermodynaomics.
heot. g. results from energy exchange resulting from
temperature differences. Heat s transferred from the
surroundings to the system, increosing the system's
internol energu; in contrast. heot i vransferred from
the system to the surroundings. thereby decreasing

the system's mternaol energy.

First Law of Thermodynamics

Let us consider the general case where o state change
can be caused by worlang and wansferring heat

AU =g + we

For a given change in state. 'g’ and ‘W can vary
depending on how the change ia implemented.
Nevertheless it will depend only on the initiol and
finol stotes It will mot matter how the chonge &
implemented.

AU =0

if no energy iz wransferred os heat or waorlk (isolated
system). te. if w = 0 and g = 0. This equation soys
that an isoloted system hos constant energy.
thus theoretically expressing the fust law of
thermodynamics. It is commonly described as the
low of conservation of energy. ie. energy cannaot be
created or destroyed.

Note: Thermal properties ke energy are very different
from mechaonical properties ke volume. An absolute
volue can be specified for the volume of a system
in o porticulor state. However, the total value of the
internol energy cannot be determined. However. we
can only measure chonges in the system's internal
Eenergu.
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Free expansion

Free exponsion refers to the expansion of o gos in @
vacuum (p__ = 0) There is no revessible or irrevessible

woric done during the free expansion of an ideal gas.

Now. as we lcnow that
w =-p_dV

Substituting this in the fist low thermodynamic
equation. We get.

AU =g-p_ AV
The process is carmied out at o constant volume
(AV = 0). then
AU = g,, (Here V represents thot heot i supplied at a
constont volume).

Isothermal and free expansion of an ideal gas
For isothermaol exponsion for ideal gos into
o vocuuny when T s constant w = 0 since
P, = 0. Joule also proved experimentally thot g = 0.
and therefore.
AU =0

Now by wsing the fust low of thermodynamic
equation AU = g + w. we can derive various types of
equations for different types of conditions applied os
follows:

For irreversible isothermal changes

g =—-w
=Py {VF_VD
For an isothermaol revessible change
g =-w
.
=nRT in F

= 2303 nRTlog
,

i
For adiabatic changes,

q =0.AU=w_,

Example 1.1: In o process, 701 J of heat is
absorbed by o system and 384 J of wark is done by
the system. What is the change in internol energy
for the process? [NCERT]
Anes. Heat obsorbed by the systerm. g =701 J

Workc done by the system =- 394 J

Change in internol energy = (AU)

=g + W

=701-384=307 1L

Example 1.2: Describe how the internal energy

of a system chonges when:

(A) The system oabsorbs no heot from its
surroundings, but it does worlc Can you tell
what type of wall the system has?

(B) No work is dome on the system, but heot
is removed and given to the environment
Describe the kind of wall the system has.

x>

(O In addition, the system performs ‘W’ amount
of worlq, and amount of heat ls supplied. What

type of system is it? [NCERT]

Ans. (A) As we lmnow from the fisst low of
thermodynomics. AU = g + w and Tt B
given that there is no absorption of heat
from the surroundings means there is no
change in the heot but the work is done. se
w £ 0.Hence. the equotion becomes AU = w.
Since the exchange of heat iz restricted
accordinglu. the system i adiobatic

AU = w_,
(B) Alsa. no worikc is done on the system. €0
w = 0. but the heaot loss tokes place (the

system loses heot). so the first law of
thermodynamics becomes AU = —qg¢ And

the system is showing an exchange of heat
but no woric hence the system is thermally
conducting walls.

(C) Since the system does the worle “w = —w”
and the heat is given to the system 80
"g = + g". Hence. the fust low of thernmo-
dynamica becomes AU = g — w. And the
system shows both work and exchange
of heakt therefore. the system is a closed

system.

Example 1.3

(A) 2 Litres of on ideal goe at a pressure af 10 atm
expands isothermally at 25°C into o vacuum
until its total valume is 10 litres. How nauch
heot is absorbed and how much warlk is done
in the expansion?

(B) Consider the same expansion, but this time
agoinst o constant external pressure of 1 atm.
[NCERT]
Ane. (A) Given vV, =2L
V. =10L
P, =10atm
We lcnow thot for isothennaol compression
g =—w
=p_ (10-2)
= 10(8)
= B0 L-atm
Hence. warl iz done BO L-atm. and same
amount of heat iz absorbed.

®) P, =1aom
And we lonow that g = —w =p AV
=1(8)
= B L-atm

Example 1.4: Consider the exponsion in example
1.3 (A) for 1 mole of an ideal gas conducted
reversibly. [NCERT]
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Ane. We Iouowe

g =-—w

I

g =2303x1x0082x 293:[0‘;,&

=2303 x 1 » 0082 x 298 x log5S
=2303 » 1 « 0082 x 298 = 0.6990
= 3833 live-atm

Enthalpy
A useful new state function

We know that heot gets absorbed at o constant
volume & equal to the chonge in the intemol energy

AU = g, But mostly the chemical reactions are not
carried out at this constant volume. but m flosls or

test tubes. the atmospheric pressure iz constant So.
another eystem needs to define under these conditons.

The thermodynomic internol energy equotion con be
written aa. AU = g_-pAV Where q, i@ heot absorbed
by the system am:r the —pAV a‘epreaented worlc done
by expansion of the system.

The initial stote of the system is represented by
subscrpt 1 and finol state by 2 The equation can be
FEWTILLEN as

Uz = Ul = qp_p W] _Vl]

On rearronging . we get

g,=U, +pV) -, +pVy)
The other thermodynomic function can be defined by
entholpy H (Greek word enthalpie. to warm or heat
content) as

H=Us+pV
So. equation becomes

qp = I‘I_3 = Hi

= AH
Although g s o path funcbon. H is o state functon
because it depends on U. p and V which are state
functions Therefore. AH = path independent. Hence.
g, iz aleo path independent
For finite chonges at constant pressusre. the equabion
can be written as.
AH = AU + pﬁvp

It ts timportant to note that when heot s absorbed
by the system at constant pressure. we measure the
changes in the enthalpy of the system.
AH = q, it is the heat obsorbed by the system at
constant pressure
AH B negotive for an exothermic process (Heat
released during the reaction) and AH is positive for
an endothermic process (Heat absarbed during the
reaction from the surroundings).
At constant volume (AV=0) ﬂ.U:qp therefore. the
eguaobion can be written os

x>

The difference between aH_.&U_q is mot significant
for eystems consisting of only solidsar liquids. Because

they do not suffer any volume chonges upon heating.
The difference s significant wnen gases are involved.

Let us ossume o reaction where gases are involved

in the reaction V, is the totol volume of the gaseous
reactants and V is the tatal volume of the gaseous

products. n, is the number of moles of goseous
reactants and ng is the number of moles of goseous

products. oll ot constant temperature and pressure.
then the ideal gos law can be written as

pV, =n,RT and pVg = nRT
Thus, pVg—pV, = nRT - n,RT
pVg—pV,=RT (ng-n,)
pAV = An RT
The ﬂng refers to the number of moles of gaseous

products minua the number of moles of gaoseous
regctants.

Substituting the volue of pAV in the equation
AH = AU + pAV. we get

AH =AU + ﬂﬂﬁ
@lmpnﬂ:unt

- M—1=41U+ﬂ.ngRT

Goselmg=ﬂ_ﬂ>en AH = AU
Case 2 Ang-r:f.lr.hen AH < Al
Caz= 3 ;J.ng.:-{ll:hen AH > AU

Example 1.5: Case Based:

Enthalpy s a property of a thermodynamic system
and s the sum of the system’s internal energy and

the product of s pressure and volume. It is o state
function wsed in many measurements in chemical

biological and physical systems at a constant

pressure, which is conveniently provided by the large
ambient atmosphere. The pressure-volume term

eqpresses the worle required to establish the system's

physical dimensions The presswe-volume term is
very small for solids and liquids at common conditions

and fairly small for goses Therefore enthalpy is
o stand-in for energy in chemical systems: bonds.

lottice solvation and other “energies” in chemistry are
actually enthalpy differences.

(A) What is the enthalpy value for the exothermic
process?

(o) Negative value (b) Positive value

(c) Zero (d) Constant value
(B) During the exothermic process, the enthalpy of

products will be ... than the enthalpy of

reactant.

(o) lower

(b) increoses by one unit
(c) decreases infinitely

(d) greater
(O) BExploln the term enthalpw
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(D) What are the three conditions for the enthalpy
of a reaction?

(E) Chaonge in entholpy of the system is the heat
absorbed at a:
(o) constant pressure
(b) constant volume

(c) constant temperature
(d) none of the above.

Ans. (A) (ag) Negaotve value

BExplanation: The enthalpy change for an
exothermic process s negobtive because the
enthalpy of reactant is greater thon the

enthaolpy of products.
AH = —ve ar
AH =H, - H,

Hg < Hy (The reaction & exothermic)

(B) (o) Lower

Explanation: The enthalpy change for an
exothermic process B negotve becouse
the enthalpy of products is lower than the
entholpy of reactants or in other words, the
enthaolpy of reactants is greater than the
entholpy of products.

(C) The heat content measured at constant
temperoture and pressure for o system
e called as enthalpy of a eystem. It is the

heat energy absorbed or released during
the progression of a chemical reaction It

con be calculoted by AH = AE + pAV.

(D) The thsee conditons for
enthalpies are

(1) AH =0 (The system is in equilibrium)

chonge n

AH = Hj —H,
0 = H,-H,
Hp=Hg

(2 AH=sworAH>0
AH =Hj,-H,

Hp > Hy (The reaction is endothermic)
3 AH=—worAH<O
BH = H, —H,
Hp < H,, (The reaction & exathermic)
(E) (o) constant pressure

Explanation: Change m entholpy of the

system is the heot aobsorbed ot o constant
pressure. Le_

as = 9p
Example 1.6: If warer vopour is assumed to
be a perfect gos, molor enthalpy chonges for
vaporisation of 1 mole of water at 1 bor and
100°C is 41 kdmol™. Caolculote the internal energu

change when one mole of water is vaporised at 1
bar pressure and 100°C. [NCERT]

cucnrone €9

Ans. Since we lnow H,0g 2HO,,
AH =AU + angRT
or AU =AH - ,rlngFlT
Putting the volues we ger
AU =4100kdmal™ - 1=A3 Jmei~K=>=373K
= 4100 ldmot™ - 3088 ko™
AU = 37904 kmaol™

Example 1.7: Case Based:

The state of a system at any given Ume ig referred
to as its thermodynaomic state. The temperature.
pressure. and volume of o gas in a cylinder with a
movable piston indicate the state of the system
These are characteristic parameters with definite
values at each state that are independent of how
the system armived at that state ln other words, any
change in the value of a property is determined solely
by the system's initial and final states, rather than by
the path the system takes from one state to the next
Such properties are referred to as state functions

In controst. the work done by the piston as it moves
and the gas expands, as well as the heat absorbed
by the gas fram its surroundings, is dependent on the
prease manner in which the expansion occurs The
behaviour of a complex thenmadynamic system. such
as the Earth's atmosphere, can be comprehended by
fust applying the prinaples of states and praoperties
o i’s constituent parts—in this cagse, waler, waler
vapour, and the various gases that camprise the
atmosphere Properties and their interrelationships
can be studied as the system changes from state to
state by isolating samples of material whose states
and properties can be controlled and manipuloted

(A) Which one of the following thermodynamic
quantities is not o state function?
(o) Temperature (b) Enthalpy
(c) Pressure (d) Work

(B) A system suffers an increose in intemal energy
of 80 J and at the some time has 50 J of waork
done on it. What is the heat change of the

system?
(o) +1304J (b) +30J
( -1301 (d -301J
(C) For the reaction C{nJ + 01@ -) COE@:
(o) AH > AU (b) AH < AU
(c) AH=AU (d) None of these

(D) Why is internaol energy chaonge a state function
but work s not?

(E) Assertion (A): Intermol energy (s a state
function.

Reason (R  Temperature is an intensive
property.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A) is true but (R) is false.
(d) (A) is false but (R) is true.
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Angs. (A) (d) Worle
BExplonatior: Thermodynomic functions
are those functions whose state affects the

systen1 Thermodynomic state funcbons are
those functons whose volues don't depend

on the path taken to reach the finol etote of

the system. These functiona depend only on
the initial and finol state of the system

(B) (b) + 304

Explonation: Increase m mtemal energu.
AU =B0J

Worlk done on the system. w = S0 J
We hove to find the heat change in the

system
AU =g+ w
BD =g + SO
B0O-50=gq
g =30.J
(C) (c) AH =AU

Explonation: Hese &ngRT = 0. becaouse
reoctant and product contoin the saome

number of gaseous molecules. So that
AH =AU = ﬂ.ngﬁ'.T
AH = AU
(D) The change in internal energy in o process
@ determined by the system's mitial and
finol states As o result. it is o state function
However. waorik is dependent on the path
token As a result it is not o state function
(E) (b) Both (A) and (R) are true but (R) is not
the correct explanation of (Al
Explonation: Internal energy & o state
function as it s dependent on the initol and
finol state of a system and not on the path

taken. Also. temperature is an intensive
property as it is not dependent on the
amount of matter taken

Heat Capacity

Heat copooty is used to measwe how much heat is
transferred to o systemn. This heot appears s o rige
in the temperature of the system in case of heot
absorbed by the system.

The incregse m temperatwre of the suystem =
proportonal to the heat transferred.

g = Coeffigent = AT
The maognitude of the coefficdent depends an the
size. compositon and nature of the system. So. we
can write the equation os.

g = CAT
The C is the coefficient and is colled the heat

capacity Thus. we can measure the heat supplied by
observing the rige in the temperature, provided thot

the heat copaoty of the substance s [onown. When Cis

x>

large. the given amount of heat will rise only by o emall
temperature. Water hos o large heat capaodty value
(More energy is required to roise the temperature).

The heaot copacity of the system is the amount of

heat required to roise the system's temperature by
1°C or 1K

It can be written mathematically as C =g [ AT

C s dwectly proportional to the amount of substance.

The molor heot capacity Cﬂ:(g-) is the quanty of

heat required to raise the temperature of ane mole of
the substance by one-degree Celsius (or one Kelvin).
Spedfic heat capaaty is the quantity of heat required
to roise the temperature of one unit mass of a
substonce by one-degree Celsius (or Kelvin)l The
equation far the heat required to raise the temperature
of the eample is calculated by multuplying the value

of spedfic heat copaaty ¢ mass m and temperature

change AT
g=Czmx AT

= CAT

Example 1.8: Determine the amount of heat

(icJ) required to rmise the temperature of 80g of
aluminium from 35 e 55°C. Al has a molor heat

capacity of 24 J mol™ . [NCERT]
Ans. No of moles of Al (m)

_ 60

C 27

=222 mol
Molar heat capacity (O

=24 Jmol™ K*
Rise tn temperature (T)

=55 35

=20°C=20K
Heot evolved (q)

=Cxmx AT

= (24. Jmol™C") x (222 mal) x (20 K)

= 10656 J

=1067 kJ

The relationship between C_ and C, for an
ideal gas N -

At constant volume. the heot capacity is denoted by

C, ond at constant pressure by The relationship
between the two can be expressed by

The equation for heat at constant volume is

qy = GAT

=AU
and at constant pressure s
q, = Cpﬂ.T
=AH

The difference between Cpcmd Cv can be derved from
the ideal gas equation.
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For a mole of an ideol gos

AH =AU + A(pV)
=AU + A (RT)
= AU + RAT
On putting the vaolues of AH and AU we hove
c:pxéT fc"A:; RAT
&= =EV

v
Example 1.9: Case Based:

Heaot capacity s used to measure how much heat &=

tronsferred to o systenw. This heat appears as o rise in
temperature of the system n case of heat absorbed
by the system. The teacher = asking Meeno to

calculate the heat capacity of the given copper rod
During that experiment. Meena has sorme doubts She

cleared those questions from Teacher.

(A) The increase in temperature of the system's
proportionol to the transfer of:

(o) Mass (b) Heat
(c) Welight (d) Flow
(B) The coefficient of heat capacity is directly
proportional to the:
(o) Amount of heat energy-
(b) Amount of substance present
(c) Amount of reactant.
(d) Amount of product

(C) BExplain the molor heot capacty of the
substance.

(D) Derive the relationship between C,and C,

(E) Assertion (A): A gos hos o specific heat value
which is o unique one.

Reason (R): Specific heaot is defined as the

amount of heat required to
roise the temperature of a unit
mass of the substance through
a unit degree.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).
(©) (A) is true but (R) is false.

(d) (A) is false but (R) is true.

Ane. (A) (b) Heat

Explanation: Heot capoowy is used to
meosure how much heat is transferred to
o system. This heot oppears as o rise N
temperature of the system i case of heat
absorbed by the system.
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x>

The ncrease in temperature of the system
s proportonaol to the heat traneferred.

q = Coefficient « T

(B) (b) Amount of substance present.
Explanation: The molor heot copoawy
C. =(£] is the quantity of heat required

n

to roise the temperature of one mole of the
substance by one-degree Celsius (or one
Kelvin). Specific heat capaaty is the quantwy
of heat required to raice the temperature of
one unit moss of o substonce by one-
degree Celsius (or Kelvin) The equation for
the heat required to raoise the temperature
of the somple is colculated by multiplying
the value of speafic heot capacwy cm
mase and temperature change AT

g=camz=zAT

= CAT
- C) is the
(C) The molar heot copooty C==[;)

quantity af heaot required to raise the
temperature of ane maole of the substance
by one-degree Celsius (or one Kelan).
Spedfic heat capacity = the quontity of
heot required to roise the temperature
of one unit mass of o substance by one-
degree Celsius (or Kelvin)

(D) The difference between G; and C, can be
derved from the ideal gas equation

For a mole of an ideaol gas.

AH =AU + A(pV)
=AU + A(RT)
= AU + RAT

AH = AU + RAT

On putting the values of AH and AU we howve

GAT =C AT +RAT
Co=Cy+R
C,-C, =R
(B (d) (A) i= false but (R) & true
Explanation: Gas doesn't have o fxxed heat

volue because when goses are heated
smaoll changes in temperature cause a
considerable change in both volume and
pressure. Due to which the specific heat of
gos can have any value between zero and
mfinite. While the definition of specific heat
s the amount of heat required to roise the
temperoture by unit degree of unit ume.
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(OBJECTIVE Type Questions)

[1 mark ]

Multiple Choice Questions

i. In on odiobotic process, no heat transfer

occure betweenthe system and surroundings.
Choose the correct option for free exponsion
of an Ildeal gos under the adiobatic condition

from the following.

(@) gq=0,AT=20,w=0

) qz20,AT=0,w=0

(c) g=0,AT=0,w=0

(d g=0,AT<0,w=z0
Ans. c)g=0AT=0,w=0

Explanation: As we lnow for free expansion

w=0

And for adiabatic change. g =0

Also. from the fust low of thermodynamics. we

getAU =g + w

By putting oll the valuss, we ge AU =0

[NCERT Bxemplar]

And there i8 no change in internol energy:
hence the temperature also remains constant

AT = 0.

Z. In a reversible process, the system absorbs
heat of g = 600 kJ while performing work of

w = — 250 kJ on the environment. What is
the Increased intermnal energy of the system?
(a) B50 kJ (b) 600 kJ
(c) 350 kJ (d) 250 kJ
Ans. (c) 350 J
Explanotion: W& hove g = 600 kJ and
w=-250kJ
And we lnow that AU =g + w
AU = 600-250
AU =350kJ

Js An expansion of a plston agoinst pressure

of p_=1.2 atm produces a volume chonge
of 320 L in o system where U = -51.0 k.

Calculote the chonge in the heot for this

system.

(o) -36 kJ (b) -13 kJ

() -47 kJ (d) -24 kJ
Ans. (c)-47 kJ

Explanation: We lnow w =-p_ dV
By substituting the volues wes ger
w=-12(32) = 1013 kJ

w=-3889 LJ
Alsp. we hove AU =-510L]
And we lcnow U=g+w
By placing oll the values in the above equation.
we get -51=g-389
= qgq=-474

£, The temperature of a system increases from

Ans.

LA

Ans.

Ans.

27°C to 37°C when it absorbs heaot of 10 kJ
at constant volume. The value of AU is:

(@) 100 kJ (b) 0kJ
(c) 10kJ (d) 1kJ
(©) 10kJ

Explanation: As we lonow. ot constant volume
w=0(w =-p_ dV)

AU =g =10 kJ

For a particulor reaction, the system absorbs

5 kJ of heat aond does 3 kJ of wark on its
surroundings. \Whaot is the change in internal

energy?

Hence.

(@) 2.5 kJ (b) 2 kJ
(c) BkJ d 7k
(b) 2 kJ

Explanation: Given

g = + S Id (Heat absorbed).
w = - 3 kd (Work done on the surroundings)
By the fust low of thermodynamics.
AU=g+w
=5=3
=2kl
A system suffers an increase in internal

energy of B0 J and at the some time hos
50 J of waork done on it What is the heat

chonge of the system?

(a) +130J (b) +30J
(©) -130J (d) -301
(b) +30J

Bxplanation: Ag =2 w = +50J. AU = BOJ
from the fust law of thermodynamics.

AU =g+ w

Therefore. B0J =g+50
g '=30.J

= Ag =+301

Calculote the work done in the following
reaction when one mole of S(ZJ2 is oxidized

at constant pressure at S0°C. State whether
waork is on the system or by the system.

250, + Oy
(a) Work is done on the system.
(b) Work is done by the system.
(c) No wark Is done.

(d) None of the above.

sl 2503@}
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Ans. (o) Worl iz done on the system
Explonation: Giver: T = 50°C
=50+ 273 =323 K
R =8314 JK* mol™
250, + 0, — 250,
Given one mole of sulphur dioxdde &= wsed.

hence dniding equation by two to get one
mole of sulphur dioxide.

o |
502@ = = 01@4503
ﬁn@ =l : )= @
=) ={e )
2
=1 —E=—-_1_
2 2
Work done m o chemical reaction is given by
W:—&H@RT
1
= —[—E] mol = B314 K™ mal™ = 323K
= = 1_342 I'C_F

Positve sign indicates that work is done by the
surroundings on the system.

8. The specific heat capacity at constont
prassure is B J/kg K, find the value of heat
capacity at constant volume.

(a) 16.314 1 / (kg i)

(b) 8.314 J [ (kg K)
(c) 8J/ (kgK)
(d) -0.314 J [ (kg K)
Ans. (d)-0314 4/ (kgk)
Bplanation:
CP—CV=R
Cp = B JfkgK
8-8314=C,
0314=C,

9. What will be the worlc done by 3 moles of an
ideal gos when it expands spontaneously in
a vacuum?

(o) Zero

(b) Infinite
(c) 3 Joules
(d) 9 Joules

Ans. (o) Zero

Bxplonation: The woric done is the product of
pressure ond change in volume. w = pAV

Since the ideol gos exponds spontaneously
ento vacuum.p_ =0
Hence. worlc done is also zera.

cucnrene €9

10. One mole of o non-ideg! gos undergoes
a change of state (2.0 aom, 3.0L, 95K) —
(4.0 oavm, 5.0 L, 245K) with a chonge in
internal energy, AU = 30.0 L-aum. The chaonge
in enthalpy of AH the process im L-atm is:

(a) 40.0 (b) 423
(c) 44.0 (d) 549
Ans. (c) 44.0

Explanation: p, = 2 atm p, = 4 atm
Vv, =3LV2=5L
T, =95KT,=245K
AU =30 L-atm
AH =AU = (p,V,-p,V,)
AH =30+(4=x5-2x3)
AH =30+ 14 = 44 L-atm

11. The pressure-volume wark for an ideal gas
com be calculated by using the eupression

w = E" p_dv-1hewnrkmnutsabe calculated
=

from the pV-plot by using the area under the
curve within the specified limits. When an
ideal gos is compressed (a) reversibly or (b)
irreversibly from volume V| to V. Choose the

carrect option

(@) w (reversible) = w (irreversible)

(b) w (reversible) < w (irreversible)

(c) w (reversible) = w (irreversible)

(d) w (reversible) = w (irreversible) +p_ AV
[NCERT Exemplar]

Ans. (b) w (reversible) < w (oreversible)

Explanation: The correct option = W
(reversible) < W (irreversible) This is because
the area under the curve i@ always more n
urreversible compression as can be seen from
given figure.

\._

V, Wolunne (V) \
pV-plot when preseure [ not constant and changes fn
finite steps during compresion from initial volume. V,
to final volume V, Work done on the gos =
reprezented by the shaded area
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Ve Yolume (V) '

plV-plot when presswze i nol constant and changss
infinize steps (reverzible conditions) during compression
fram initiol volume. V, to final volume volume. V, Work

done an this gas ks represented by the shoded area

Assertion-Reason (A-R)

In the following question no. (12-14), a statement

of assertion followed by a statement or reason

is given. choose the correct answer out of the

following choices:

(a) Both (A) and (R) are rue and (R) is the comrect
explonation of (A)

(b) Both (A) and (R) are true but (R) is mot the
correct explanation of (A)

(c) (A) Is true but (R) is false.

(d) (A) is false but (R) is true.

12. Assertion (A): Combustion of all orgonic
compounds Is an exothenmic
reaction.

Reason (R): Al elements haove zmwo
enthalpies in their stondord
state.

Ans. (b) Both (A) and (R) are true but (R) is not the
carrect explanation of (AL

Explanation: The correct reason i that
during combustion oll the organic compounds

undergo exothermic reaction and enthalpy

of all elennents in their standard state is zero
but combustion reactions are exothermic in

naoture not just becouse the enthalpy of all

glemnente in their stondard state i zero. So.
both stotements are correct but reosons is not

the carrect explonaton of assertion

13. Assertion (A): For Isothermal reversible

expansion of gas heat is
obsarbed by the gos.

Reason (R): The sign of ‘"W’ is negative
which makes ‘Q" overall
positive. [Delhi Gov. QB 2022]

Ans. (g) Both (A) and (R) are true and (R) is the

correct explanation of (A)

Explanation: Assertion and recson both are
correct stotements and regson iE  correct
explanaotion for assertion

14. Assertion (A): For Adiabatic process, if

expaonsion occurse then the
temperature of the system
rises.

Reason (R): For Adlabatic process, heat
change is zero during the
process.

Ans. (d) (A) i foise but (R) is rue

Explanation: Adiobatic process. imples a
pracess m which no heat exchonge takes place

between the system and the surroundings.
te neither heot is supplied nor heot s loosed.
For an adiabotic compression (decreosing
the volume of the system. ke o piston), the
temperature must mcrease Likewise, for on
expansion (increasing volume). the temperature
must decrease.

(CASE BASED Questions (CBQSD

[ 4 &5 marks ]

Read the following possoges and answer the
questions thot follow:

15. As o motter of definfon. a systemn in physics or
chemistry is nothing more than o collection of
objects (or smaoller systems) whose identities
can be determined. In many cases. the word
"system” refers to o collection that makes
solving o problem more manageable What
surrounds the system is everything else. There
are three types of systems - (1) Open system
(2) closed system and (3) lsolated system. An
open system is one that freely allows both
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energy and matter to be transferred in and out
of a system. For example bailing water without
a bd Heat escaping into the ar. A closed
system. an the other hand. does not allow
the exchange of matter but allows energy
to transfer. Bxample of a closed system - a
pressure cooker. Isolated System - This system
= completely sealed Nerther matter nor heat
can transfer to or from the surmoundings
Example — A thermos flask. The purpose of a
thermos flosk is to keep your food warm A
thermos flask can be considered as an isolated
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system but only for a short period of ume. It
prevents both heat and matter from being
transferred to the surrounding. It is often mare
convenient to use an isolated system. where
external influences (either cancel each other
out or are negligible) can be ignored. Similariu
two balls rolling ocross a smooth surface to
strike each other can be considered an isolated
system. while two balls rolling across a gravel
path or thicc carpet vill be affected by friction
that originates outside the systern and wall not
be considered an isolated systerm.

(A) The humans are which type of system
and why? Explain.
(B) The following systems belong o which

type of system: Pond and Teo brevwed in
a kettle.

(C) Aperson does 10 kd wask on 3 kg of water
by stirring wsing o poddle wheel While
stirring, around 10 kcol of heot is released
from water through its contoiner to the
surfoce ond surmoundings bu thermal
conduction and rodiation. Whaot is the
chonge in internal energy of the system?

Ans. (A) Humona are an example of an open system

becouse we are constantly exchanging
matter and energy with our surroundings.
i we Lift o weight W. simply breathe
out and releose carbon dimdde into the
atmosphere We take food in and also
exarete it out So. humaons are an example

of on open system.
(B) Pond-Open system and Teo brewed m o
kettle-Closed system
(O Work done on the system (By the pesson
while stirmng), w=- 10 kJ =- 10000 J
Heat flows out of the system
g=-10bkeal = - 10 x 4384 J

g=- 'ﬂﬂEqD J
Using the fwst low of Thermodynamics
AU =g-w

- - 41840 J - (-10000 J)
- — 41840 J + 10000 J
- 31840

Here. the heat lost & more than the warl
done on the system. so the change in
internol energy is negative

16. The work performed by a system is ransferred

by the system to its swroundings by a
mechanism through which the system can
spontaneously exert microscopic forces on
s surroundings. There are two types of worl
done:

(1) Weork done by the system: In thermo-
dynamics. work performed by o system
& energy transferred by the system to &s

ucnrone €9

surroundings. by a mechanism through
which the syscem can spontaneausly exert
macrascopic forces on its surroundings. In
the surroundings, through suitable passive
[nkages, the work can lft a weight, for
example. Energy can also transfer from
the surroundings to the systent in a sign
convention used i physics such work has
a negative magnitude. Work done by a
system is posibve.

(2) Work done on the system: "Work done on
o system"” is a way of saying that energy
has been added to a group of abjects which
are otherwise treated as being isolated
from their surroundings. For example, your
system may be a tennis ball If you pick
up the ball ond place it on a shelf. you
have done wark on the system. Your worlk
(requiring energy expended by you) of
[ifting the ball adds gravitational potential
energy to the ball Work done on o system
s negative It can be found by considering
whether system volume expands against a
force or system volume contracts under a
force.

(A) The woark done by the system is
considered as:

(o) negative value (b) positive value
(c) zero (d) infinite

(B) if the external pressure is greater than
the pressure inside means what will

happen to the piston:

(a) Move upwaord

(b) Move inuand

(c) No chonges

(d) Move towards the side

(C) Which one is the correct expression for
the compression of gases?

(@) p, = (B, +dp) () p_, = (p,, +dp)

© p, =, zdp) (®) p_ = (p, zdp)
(D) The value of work done is negative when:

(a) Volume remoins constant

(b) Volume decreases

(c) Volume becomes infinite

(d) Volume increases

(E) Calculate the pressure-volume work
done by the system when the gaos
expands from 2 litres to 3 litres agoinst
a constant external pressure of 30 atm.

(o) 30 Litres atm  (b) - 20 litres atm
(c) - 30 lires atm (d) 20 litres atm

Ans. (A) (o) negative value

Explanation: The worlc done by the system
means the system will lose some of its
energy to the surroundings. So, the intemal
energy of the system decrecses and the
value of work done will be negative.
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(B) (b) Move mward

Explanation: If the extemal pressure =
greater thon the pressuse inside the gos
then. the piston will move tnward which is
it undergoes compression. Due to the high
pressure outside the internol presswe of
the gos cannot hold this So. the externol
pressure will push the piston inward that =
towards the low-pressure region

3
Wil = -Ip_du'
L

During each stage of the compresaion
process.p_ = (p,, + dp)

(D) (d) Volume ncreases

Explanation: When the systems volume
mcreoses, w s —ve This ig because the
worle done is negative ond the energy is
lost by the system. The increase in volume

i5 associated with the expansion of the
system which corresponds to worle done

©Q@p,, =, +d)
Explaonation: If the preaaure: of the gos = by chesmevem.
not constant but changes in the process
are olwouys imhnitesimally greater than ® () - 30 lizre atm
the pressure of o gos ot each stage of Explanation:
compreasion. then the volume will be W =~ Poarsal < AV
decreased bu an infinitesimal amount == P oanrcat Venat — Vi)
of dV. The work done on the gas can be -(B30) (302
aolculoted by = - 30 lire-atm

(VERY SHORT ANSWER Type Questions (VSA))

[1 marl ]

17. Give the mathematical expression of the Ans. State functions: Enthalpy entropy tempergture
and free energu.

Path functions: Heat and worlc

first low of thermodynaomics.

Ans. The maothematical expression for the fust
low of thermodynamics is the change in the 19. State the low of thermodynamics, which is
mternal energy is equol to the sum of the heot depicted in the given picture:
given to the system. and the work done on the
system.

Enevgy
before

Itisgivenas AU =g + w

1B8. Identify the state functions and path Ans. Frst low of Thermodynomics soys energy
functions out of the following: enthalpy, can neither be creaoted nor be destroyed. it
entropy, temperature, heot, free energy ond wransfers from one form to another form ie.
warlc [NCERT Exemplar] conssrvation of energu.

(SHORT ANSWER Type-l Questions (SA-I))

[ 2 marks ]

20. In a bike showroom, using a vertical clomp 21. Whort will be the difference between the
of hEight 3m a KTM bike of maoss 166 k.g 1= En]'_hu[_py chunge and intermal energy

driven up due to some fault in the engine. change ot a temperature of 300 K and 1 bar
Calculate the work done.

Ans. Given-h=3m m= 166 kg g = 98 ma™

pressure for the reaction?

The work e done agaoinst the gravity ea ZA@ L ZB(EIJ L ID@
w = mgh Ans. We lmow that the difference between the
=166x98x3 enthalpy change and internal energy change.
= 48804 J F'.E_&H—ﬂU=ﬂ.ngFU:
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22.

Ans.

23.

26.

Ans.
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Where Ang = chonge n the number of moles
of goseous spedes.

R = Universol gos constant = 8314 I o™
T = obeolute temperature

For this chemicol reaction

An, =(2-4)
=2
T =300K
So.An RT = - (2 x 8314 x 300) Jrmot™
=— 49884 Jmol™

Heat capacity (Cp) is an extensive property
but epecific heat (c) is an intensive property.
What will be the relation between C, and c
for 1 mole of water? [NCERT Exemplar]

For water. molar heat copaoty = 18 x specihc
heat

Cp =IHxc
But. spectfic hear

c=418 1g7 K

Heaot capoomw

C,=18x418 Jc"

= 75.24 Jic?

0.5 kg of grape juice at 28°C is placed in a
refrigerator which som remove heat at an
overage rate of 35 1. How long will it take
to cool the grope juice to 5°C7 Specific heat
capacity of juice = 4200 Jkg K™

Ans. Heat removed by the refrigerator.
g = mcAT
=05 x 4200 x (2B°C -5°0)
= 46200J
Now & can remove heat at the rate of 351,
and we need to remove 46200
So.ume is
46200
35

=1329s
= 22 munuies

=

Z4. Calculote the change in intermol energy for
omn isolated system with a constant volume.

Ans. In an isoloted system. there iz no energy
wansfer as heat or worlc
Saw=0andg=0.
According to the first low af thermodynaomics
AU=g+w=0+0=0
AU =0

25. The empirical relationship H = U + pV can
be used to calculate the difference. For ten
moles of an Ideal gas, compute the difference
between Cp aond C,

Ans. For 1 mole of gas

G- C =R
For n moles of gas the relation is
C -C =nR
P v
=10 = B3145J
=H314 ]

(SHORT ANSWER Type-Il Questions (SA-1I))

[ 3 marks ]

Expansion of a gas in o vacuum is called
free exponsion. Calculate the worlc done and

the change in intermal energy when 1 litre
of an ideol gos expands isothermally into

a vacuum until its total volume is 5 litre.
[NCERT Biemplar]

Wark done in a vacuum s calculoted by
w = - Py (V)

Pows = 0. for free expaonsion (in the vacuwm).

w=—{0 = (5 - 1)]

w =0

Hence.

For an isothermaol expansion of ideal gos no
heot will be absorbed or evolved. hence g = 0.

Actording t fwst low of thermodynomics.
g+ w=AU

As vw =0

g=0.thusAU=0

So. internaol energy AU is also zera

and

ucnrene €9

Z7.Two moles of an ideal gas undergo

on isothermal reversible chonge at a
temperature of 25°C from an initial pressure

of 10 atm to 5 atm. What is the amount
of heat absorbed and the wark done during

expansion?

Ans. For an isothermoaol reversible change
g =-w=nRTIn(p,/pJ
n = number of moles
R = Universol gos constant = 8314 J&™ mof™
T = Absolute temperatuse
p, = Initiol pressure
p, = Final pressure
According to the question
T =(25 + 273K

=288 K
p, = 10 oum
P, =5 autm
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10 5
Herice, i = 2 X 8314 % 298 x i (—]J (B) Molor heat capacty
= 343k > C_ = specific heat x molor moss
Therefore. the worik done will be 3.43 Il Cmg;m 9= 1669 x 6009
28. A 2.5 g pentane is burnt in presence of an = 100.29 Jmaol™=C

excess of oxygen in o colorimetric cantainer.

The calorimeter temperature rises from 30. An ideal monoatomic gas is taken around

280.5 K to 320 K If heat capacity of the the cycle ABCDA as shown in the figure.
colorimeter is B.B3 /K, then find the heot Calculate the work done during the cycle.
transferred to calorimeter.
Ans. Giverc T
Mass of pentane = 25g = 0.0025 kg o R R 2 > B
c=983 kK T |
Rige in temperature P
AT =320-2805=395K ol I S 2
Heat transferred to calorimeter ' :
= mcAT : : ~
= 0.0025 kg x 983 kJJK x 39.5K o g, AL i
=0870 V—>

29. It hos been found that 250.4 J is needed to
heat 30 g of proponol from 18°C o 23°C.

Calculate: (A) specific heot capacity, and
(B) molar heat capacity of proponolL Area = (2V, - V,) P, - Pp)
Ans. (A) Specific heat capaaty

Ans. Net worlk done during a complete cycle =
equol to the areo under the ajcle.

=PoVo
-9
AT W = —pDUD
2504

30.(23-18FC /\ Caution

5504 - Student must understand Chat work £ negabive
= when warsk £ done by the system Le_ If the cyde Is

30=5 dochwize and positive when work ks done on the
= 1669 Jg==C syatem ie if the aycle s anticlochwise

G.ONG ANSWER Type Questions (LAD

[ &5 marks ]

31. (A) Derive an expression for an isothenmal can denve various types of equations for
expansion of an ideal gos during different types of conditions applied as
revarsible, irreversible and adiobotic tollows
processes.

For eveversible isothermol chonges
(B) A 0.5 mole of gaos ot temperature

300 K expands isothermally from an

inidal volume of 2 L to 6 L then what is =P (Vi—V)
the work done by the gas?

Ans. (A) For mothermal eqansion for ideal gas
expaonsion o a vocuurnt when T &
constant w = 0 since p__ = 0. Joule also =T iy Vi
proved experimentolly that g = 0. and 4
therefare AU = 0.

Now by wsng the fust llow of = 2303nRT log —
thermodynamic equotion AU = g + w. we 4

q=-w

For an isothermaol reversible change

g=—-w
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For adiobotic changes,
g=0.AU=w_,
(B) We lmow that worlk done by the gaos in an

isothermaol expansion
W RT In Ve
=—m li":

i 6
=-0SxB8314 IJmol™K~ x300K In >
W=-1369

Note thot work = negotve since the work &
done by the gas.

32. Graphically show the total waork done in an

exponsion when the state of an ideal gas is
changed reversibly and isothermally from
(Pp V) to (pe V). With the help of a pV plot,
compaore the work done in the above case
with thaot cormied out against a constant
external pressure p, [NCERT Exemplaor]

Ans. If a chonge = brought out in such o way that

the process could. at any moment. be reversed
by an infinitesimaol chonge. then the process
i8 lktnown as reversible procsss. A reversible
process proceeds infinitely slowly by o eeres
of equilibrium states such thaot the system
and the surroundings are olwous m near
equilibrium with each other.

On plotting presswre versus volume we will get
a plot

laothenmal
change

Pr

P.}--- \g|
L

"4 V—" Ve

The work done i o revessible process to reach
isothermally from (p,. V| ) to (p;. V;) is the area
under the curve pV,-pN,

WWhere

V, — infial volume
V. — final volume
p, — inftial pressure
p;— final pressure

Work ogoinst constant externol pressure p,
the area under the rectangle AV\V B (shown in
yellow colour)

Here we can soy that mmamum work &=
obtoined when o process i@ cammed out
reversibly because it contoins maxamum area.

Woaric done in o reversible maonner will always
be greater than the sume work done agoinst a
constant pressure Le. in an rreversible manner.

4
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MEASUREMENT AND CALCULATION

OF AU AND AH

- TOPIC1
MEASUREMENT OF AU AND AH: CALORIMETRY

An expertmental technique lmown os caolorimetry
allows us two meosure energy chonges assoocoted

with chemicol or phusical processes The process
of calorimetny & carmied out in o wessel colled o
colorinneter. which is immersed in o kmown volume
of a Lguid By measuring temperotige changes. it is
possible to determine the heat evolved in the process
by lcnowing the heot copacity of the Lguid m which
the calorimeter is immersed ond the heat capaaty of
the calonmeter. Meosurements are taken under two
conditions

(1) g, at contant vo lume

(2) g, at contant pressure

AU Measurements

For chemical reactions. heot absorbed at constant
volume is measured in o bomb oalorimeter. In o bomb
calorimeter. heot obsorbed at constant wvelume is
meaosured for chemical reactona A steel vessel (the
bomb) iz immersed in water.

ignition bax

Fuso wiras

The entre apporotws is lmown os o colonmeter.

To ensure that no heot is lost to the emaronment.
the steel vessel is immersed in o water bath. In the

steel bomb. o combustible chemicol i burned in
pure dioygen The heat generated by the reaction
I8 transmitted to the water swroundmg the bomb.

which s monitored for temperoture. The volume of
the bomb calorimeter does not change becouse it
ie seoled. therefore the energy changes ossodoted
with reactions are monitored at o constant volume.
Under these conditons. no wark is done because the
reaction is carrnied out in the bomb calorimeter at a
constant volume. Thus.

AU =g _ (constont volume)

Exomple 2.1: A bomb colorimeter was used to

measure the reaction of cyanamide, NH,CN_ with
oxygen, and U was found to be -742.7 kjﬂmul““

of cyanamide at 288 K. Calculate the reaction’s
enthalpy chonge at 298 I

3
NHI@ * EDI@ —> N_‘ * ml{g] s H_Jﬂ'm
[NCERT]
Ans. Given:
AU =-7427 Id mal™

—3 1
ﬂ.ﬂg: 2—[—]: + — mol

2 2
R=08314 « 107 IJ Yo
T=208K

According to the relonon
AH =AU + ﬂ.ng RT

AH = (<7427 L)) + {% mol) = @314 = 10~ kJ
K mol™) = (298 K

=-7427 k) + 1239 kJ
=-7415 kJ

AH Measurements

A ocalorimeter can meosure heat chonge at constant
pressure (typically at atmospheric pressure). We are
oware that

AH = q, (ot constant p)

As o result the heat absorbed or evolved, gp at
constont pressure. i8 olso lmown as the heot of
reaction or the enthalpy of reaction. AH_ Heat is
produced in an exothermic reaction. and the system

loses heat to the surroundings. As a result. g_ will be
negative, and AH_will be negative as well ég'rmilnrlg,.

heat iz absorbed in on endothermic reacton q, is
positive. and AH_is positive.
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"TOPIC2
ENTHALPY CHANGE

The standard enthalpy of formaton. determined for
o wide range of eubstances, ig enthalpy change The
reactants undergo chemical changes and combine to
form products n any generol chemical reaction. The
following equation can be used to represent i

Reactants — Products

The change m enthalpy for any such reaction is
represented as H_and is referred to as the reacton
entholpy. Subtracting the sum of the enthalpiea of
all the reactants from the enthalpies of the products
yields the reaction enthalpy.

AH_= Sum of enthaolpies of the products — Sum of the
enthalpies of the reactanta

AH, =YaH __-ThH __

The constonte g, and b, denotes the stoichionnetric
coefficients of L{'ne productse ond reactants for the
bolonced chemical reoction under consideration.
regpectivelu

Example 2.2: During the addition of a sodium
ion to a chloride ion to form sodium chloride, the
entholpy of ionic sodium is -238.7 kJ/mol, while
the enthalpy of chloride ion is -167.4 kJ/molL
The entholpy of sodium chloride (toble salt) is
-411 lkJJ mol Calculate the enthalpy change for
the reaction

Ans. Reaction can be represented as
Na® + CTC — NaoC

ﬁHr = m-li‘ﬁ:llﬂ - (J&Hma : ﬂHcr-]
Inserung these volues results o

AH =411 lcdfmol - (<2397 kol -

187 .4 kiymol)
=-411 kJ/mol - (4071 ki¥mol)

=-411 klfmol ¢« 4071 kifmol =-38 kdfmel

So, the formotion of =alt releoses almest 38 k) of
energy per mole.

Standard Enthalpy of Reaction

We already lnow thot the enthalpy of any reaction is
affected by phusical conditions such as temperature.
pressure. and eo on. The standard entholpy of any
reaoction i8 calculoted when oll of the components
involved in the reoction. nomely the reactants and
products., are in their standard form. The enthalpy
chonge that occurs in o system when a matter is
rransformed by o chemical reaction under standard
conditions is thus the standard enthalpy of reacton

The standard state for any substonce at a given
temperature is @s pure form at o pressure of one
bar. according to the canventon For example. Liquid
ethonol at 298 K and 1 bar of pressiegre is goid to be in
LS pure etate.

@ Related Theory

= |t ks tmportant to note that the data for a substancs’s
standard state ks token at 298 K

A reaction's stondard enthalpy s denoted as AH_ The
heot of the reaction is exactly equal to the enthalpy

chaonge of the reacting system at constant pressure.

Enthalpy Changes during Phase
Transformation

Enthalpy of fusion

The enthalpy changes when one mole of solid state is
converted to a Liquid state at its melting point

[t is denoted by A‘SﬂH‘EJI

For example. at 273K the enthalpy of fusion of ice =
6.0 kJ mol™

fice} H,0y — H,0(, [water}
Exomple 2.3: Calculate the enthalpy change
when 1 mole of water at 10.0°C is frozen to ice at
-10.0°C. A, H = - 6.03 kJ mol™® at 0°C; C [H,0
1 P -
= 753 J mal™ K5 CJH,0,, = 388 J mal" K
[NCERT]
Ang. The towl change in enthalpy & carried out as
follows

AH = (1 mole of water at 10°C — 1 mole of
water ot 0FC) + (1L mole of water at 0°C —» 1
mole of e @ -0°0 + (1 mole oficeat-0°C— 1
mole of w2 o -107C

=CH. 0l = AT + AH,__, _+CJH, O] =AT
= (753 JC" mol™)0 - 10K) + (6.03 kJ mol™)

¢« Q8B XY = (10K
= (~753 Jmol™) - (803 kJ mol™*) — (388 J mol™)
= (<0753 kJ mof~) - (803 kJ mol™) — @368 k mol™)
=-7.151 lkJ moi™*

Enthalpy of vapourisation

The enthalpy chonges when one mole of the liquid
stote i converted into o goseous state at its boiling
point

[t is symbolised by QWHG.

For example.
Hng — H].D@

A __H® =860 kmaol™
vop

Exomple 2.4: A swimmer coming out from a pool
iz oovered with a film of water weighing about
18 g. How much heot must supplied to evaporate
this water at 298 K7 Calculate the internaol energy
of vaporisotion at 100°C.

A _H for water at 373 K = 40.66 kJ mai~"

[NCERT]
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[y setus ol e

Ans. 1Bg HJO@

> 18gH,0,,

Number of moles in 18g UFHJD@ =
1Bg
= ——— =1mol
18gmol™ -

As entholpy of vopourisobion & given
40.66 ld/mol and the swunnmer is covered with
1 mol water hence 40.66 ldJ energy must be
provided to evaporate the water.

Q
AU =A_H®-pav

=A _H®- An_RT
= ampH“ ~An_RT
= 40.68 kmoi™ {1)[E314 « 10~
LB ™) E73 K
A U°=4066 kmal™ -3.10 lmei™
= 37.58 kmaoli™
Enthalpy of sublimation

The entholpy chonges when one mole of solid at
below its melting point s directly transformed into o
goseous state.

[t is represented by ﬂmHg
For example.
b ~ Lg

A_,H=2u cal/g ot 200°C

@ Important

- The Intensity of the change in the enthalpy &
determined by the intermolecular Enzeraction strength of

the substance

Enthalpy of combustion

The enthalpy change when one mole of substance
undergoes combustion in the presence of excsss air.
It is denoted by A H®

For example

CH gy + 20, — Q04 + 2H,0

A H®=-8903 kimol™

The negaotve sign shows thot this reoccdon is
combustion reactions and is olways exothermic

m Important

=  The standard entnalpy for the formation ArHﬂ. of an

element In the reference stote e fvs most stoble stote of
oggregabon ks talen o be zero by convention

Example 2.6: What is the change in enthalpy for
the following reaction?

2Mg + O, — 2MqgQ, if
AH,(Mg0) = 0 IdJ
AH (0,)=0IdJ
M‘lf{h!gﬂ} =-601IkJ

Angs. The change in enthalpy is colculoted by

ﬂ!—ipmdum - AH
It is important to first balonce the reactian
before performing calculations.  The
coefficients are importont in determining the

change in enthaolpy of a reaction

2Mg + O, — 2Mg0O
AH = E(A.I-lugo) - Z{AI-IM,) - ﬂHD2
AH =2(-601k))-2(0k)-01lJ
AH =-1202k]

mam

raoctmnds

Standard Enthalpy of Formation

At the staondord conditions of temperature. 298 K and
1 atm pressure the enthalpy of formationisthe energy
involved in change from its constituting elements to
one mole of a substance. It is represented by A,H®.
The standard enthalpy of formation of glucose fram
the elements at 25°C is the entholpy change for the
followwng reactiorc

Gm + E—iI@ ¥ 302@4 CEH‘.IIDEﬁ
N—F:—IZ?‘_’.BU

[t iz not possible o measure the value of ﬁyJ-lg for
glucose. ie. -1273 kdfmaol. by mbdng an approximate
amount of graphite. O, and H, measuring the heat
evolved os glucose &= produced. Since the reaction
does not occur ot a meosurable rate under any
condroon.

Example 2.5: Given: N, . + 3H, . — 2NH_ ;
AH® = -924 kimol™. \H‘lnt iEz@IE Etunduf#ll
enthalpy of formation of NH, gas? [NCERT]

Ans. AH-NH, = 924)/2 = 462 kJmol™

Thermochemical Equations

A thermochemical equation is o bolonced chemical
equation plus the volue of its AH_ In on equation. we
speafy the phuysical state (along wath the allotropic
state) of the substonce For example:

CHOHg +30,,, - 200, + 3H,0,;
AH ° = -1367 kJ mol™

The obove equation desoribes the combustion of Liquid
ethanol at constant temperature ond pressure. The
fact that the enthalpy chonge is negative indicates
thot this is an exothermic reaction

[t & mnecessary to remember the following

thermochemical equation conventions.

(1) In o balanced thermochemical equaton the
coefficients refer to the number of moles (never
molecules) of reactants and products involved
in the reaction

(2) The number of moles of substances speafied by
an equation &= denated by the numerical value
of AH ° The un&s for standard enthalpy change
AH ® will be kJ mol™".
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For example. When methone gas is burned. heot i
relessed. causing the reaction to become exothermic

The combustion of 1 mol of methone produces B804

lalojoules of heot energy. This dato can be displayed
os part of the bolanced equotion

According to the equaotion. 1 mol of methane reacts
with 2 mol of oxygen to producz 1 mol of carbon
dioxide and 2 mol of water. BBD4 lJ energy =
releosed dunng the process and is thus written os
o reaction product A thermochemical equation i
a chemical equotion thot includes the reaction's
entholpy change

Sign conventions for enthalpu

AH = =  (For an exothermic reaction)

AH = +ve (For an endothermic reaction)

For example. in the cose of methone combustion
the enthalpy change s negaotive because heaot
releosed by the system. As o result the system's
overall enthalpy decreoses The enthalpu change
for o chemicol reaction is represented by the heat
of reaction In the preceding example the heor of
reaction ia 890.4 kJ. The thermochemical reaction can
also be expressed os follows:

CH, +20,,,— CO
AH = -B90.4 kJ

20 * ZHIDQ

Hess's Law of Constant Heat
Summation

f o reaction occws m multiple steps. the standard
reaction enthalpy i the sum of the standard

entholpies of the intermediate reactions into which
the overall reoction can be dnaded ot the some

temperature

Hess's Low of Constant Heat Summation (or eimply
Hesg's Low) states thot the totol enthalpy change
for a reaction is the sum of all changes regardless of
how many stages or steps are involved.

@ Related Theory
= This l[ow demonstrates that enthalpy k= a staee fisnction

Hees's Low is nomed ofter Germain Hess, o Russion

chemist and doctor. Hess contributed to the early
principles of thermochemistry. Because entholpy is

o state function. we can calculate the overall change
in enthalpy by simply summing the changes for each
step of the woy unul the product is formed. All steps
must take ploce ot the some temperature. and the
equotions for each step must balance.

In general i the enthalpy of an overoll reacton
AD along one route is AH_° and the enthalpies of
reactions leading to the same product. D along
another route are AH °, AH_°, AH_°__ then we haove
ﬂHd= ﬂHln + ﬂHzni- {LH;'

ucnrane €9

Potentdal Enargy (k)

Stepl A — B

Step? B - C

Step3 C - D

Net Reaction A — D AH.
Heass Law

Applications of Hess'’s Law

(1) To calculate the entholpy of formaton

(2) To determine the standard enthalpies of
reacbons

Example 2.7: Case Based:
While we are exerdsing we bwn calories Actuallu
when we ntake food it undergoes an oxidabion
process and transforms into Q0, and H,0. When the
energy is changed in the independent pathway. here
i5 what the Hess Law imply This means that through
burning the food equal amount of energy is released.
Thus, the carbohydrates split into simple sugar. As we
remember that our gym mstructor mentions that the
higher the oxygen higher the warlout Therefore do
not forget to breathe while exerasing
(A) During the independent chemical reaction

which of the following will not change?

(o) Initiol condition only

(b) Fnol candition only

() Mid-conditions

(d) The initiol and final condition
(B) What are the applications of Hesss Law?

(C) Explain the procedure to calculote the Hess's
Law.

(D) Assertion (Ax Bom-Hober cucle is bosed on

Hess Lov

Reason (R): Lattice entholpy can be
calculoted by the Borm- Haber
cycle.

(o) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.
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Ang. (A) (d) The inmal and final conditton

Explanation: Hesss low stote that the
overall energy depends wpon mitol and
finol condruons.

(B) Applicotons of Hesas low:

(1) For calcdlotng the enthalpy of
formaoton
(2) To determine the stendard enthalpiss
of reactiona
(C) We can calculote Hesss low in varnous
method:

(1) By reserving the equation
(2) To mulbply the equation with a
constant

(D) (b) Both (A) and (R) are true but (R) is not
the correct explanation of (A).

Explanation: Hesss low is the enthalpy
chaonge is the some either it tokes through
one step or more than one step. As per the
Bom-Hober cycle enthaolpy of formation
= X eublimation energy of the metol otom,

ionisation energy which iz needed for the
metal cation. bond dissocioton enthaolpy

Hence. it is impossible to determine the
lotrice enthalpies through the Bom-Haber

cycle

Exomple 2.8: Entholpy of combustion of carbon
to CO, is -393.5 kJ mol™'. Calculate the heat
released upon the formation of 35.2 g of CO,, from
carbon and dloxygen gaos.

Ang: We can represent the formnation of carbon
dioxade by the equotion:
— Q0

Cm-}O}@ 2
From the data given. we can say that during
the formoton of 1 mole of 'C'.off:-2 releaseas

-3935 ld/mol heot

1 mole GO, means 44 g of CO, releases
— 3935 kJ/mol heot

1 gram of CO, willrelease = -3935/44 k/mol

352 g of 00, will releose = -3935/44x352
=-315kl/mole

Standard Enthalpy of Combustion

The entholpy chonge s that one mole of substance
undergoes combuston in the presence of excess air.
It iz also colled heot of combustion. Many readily
ovailable substances wath large entholpies of
combustion are wsed as fuels, including hydrogen
carbon and hydrocarbons such as methane. propane
and the maojor components of gasolne

C7l450Hm + 302@ — 2{:02@ + BHIOQ.
AH®,99=-1366.8 kJ

The standord entholpy of combuston of ethanol

-13688 I, is the amount of heaot produced when one

mole of ethonol undergoes complete combustion at

25°C and atmoaphere pressure. yielding also at 25°C

and atmosphere pressure.

w ”

Example 2.9: The combustion of one mole of
benzene takes place at 298K and 1 otm. After
cambustion, mz@ and H:Dm ore produced and
32870 kJ of heat is liberated. Calculate the
gtandaord enthaolpy of the formaotion of benzene.
Stondord enthaolpies of the fornmaotion of COI@ and
H,0,, are —393.5 ki mol™ and - 285.83 kJ mol™
respectivelu [NCERT]

Ans. Formouvon of benzene.

BCE _!?I }+3H7@_"C6Hs@: _®

Enthalpy of combustion for 1mol of benzene.

15
et —{DIAECDZ@+3H7C)@ — (@
AH® =-3267kImol™
Enthalpy of formaotion for 1mol of CO

GH

g
“1 ping) ¥ 'C'.'2 —> mj@ — @)
A H¥ =-3835 kimol
Enthalpy of formation for 1mol of HQDW
1
Hyg + 5 02— Hi0p — W

AH® = -28583 kmol™

Multiply the equation (m) by 6 and mulbply
equotion (V) by 3

EC[ Im}-'rﬁﬂjm—}ﬁmz@
AH® = -2361 kimol™

3
BH@ + 3 DJ@ N 3H20m
AH® = -857.49 dmol™
On adding eqns. (v) and (v1)

-

— (wv)

15
GC@_ - JTBH}@-r ?02@—;6002@
+ 3H20{1} — (va)
AH® = -3218.49 IdJmpl™
By reversing the equaton (@)

15 0, — (vm)

6(:132@ + 3H_10@ — CEHE:{B+ >
A H® = 3267 kJ mal™

Adding eqns. (vi) and (vim)
ECigrapning) * iy = CHleg

AH® =3267 - 321849 = 4851 kimof™

Enthalpy of Atomisation

The energy which i used to wransform any substance
into gaseous atoms @ called enthalpy of atomization
It iz defined per mole of the goseous atoma. [t =
represented by A_H®.

For example.

" - -1
Hyg = 2He; A H" = 4350 kdmol

Here. on breoking the H-H bond in dihydrogen the H
atoms are formed.
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Bond Enthalpy

Theenergywhichisusedtobreak one-mole molecules
bond is colled enthaolpy of bond dissociotion It is
defined per mole of the molecule

It is symbolized as A, _H".

&IJ-I is the bond enthaolpy of reactants and products
in gas phaee will be:

ArHE' =Xbondenthalpy __  -%bondenthalpy___,

Bond dissociation enthalpy

Chonge in the enthalpy to breok the covalent bond of
one mole of goseous molecules into two free radicles.

Bxample.

Here. one-mole dihydrogen bond splits m the diatormic
molecules in the following manner:

Hyp = 2Hy s A, H® = 435 0kdmal™

The Enr_hulpy change involves n this proosss @ the
bond disscdouon enthalpy of H-H bond. The bond
dissociation enthalpy is the change in entholpy when
one mole of covalent bonds of goseocus covolent
compound is broken to form products in the gos phase

In the cose of polyatomic molecules bond dissociotion

entholpy is different for different bonds within
the eome molecules let ws consider o polyatomic

molecule CH_
Mean bond enthalpy

Let’s exploin with an example of CH

. e _ |
f}ld@ — C@ ¥ i’erQ}, aﬂH = 1665 ldmal
In methane, all four C — H bonds are identical m bond
length and energu. However. the energies reguired to
break the indniduaol C - H bonds in each successive

step differ:

CH,,) = CHyy + Hes A,___H®=+427 l'_lml:lft".ﬂ
CI-I?‘@—}CE-I@-:-H@; A T = +438 ko™
CH,,) > CH, +H A, H® = +452 k_rmn-!l:
H,) = Cyy +Hy; A,___HZ = +347 ldmol

Thus, overoll equation will be.

CHyp) = Cy + 4Hy; A, _H® = +1665 ldmol™
Here. the mean bond enthalpy for CH bond

In CH ;

1 l . -

Ay H® = = (A_H®) = = (1685 lkimai™)
=416 kimol™
Enthalpy of solution

The heot which is produced or exhaousted by dissohang
o mole of the compound in the excess solvent It s

denoted by ﬂ‘D,HE

A HE =R L l—l"E'ﬂuLdﬁ;-r‘a

A, H® = lottice enthalpy A, = enthalpy of
’J-[e hydration
as, =T AL, oS
Iﬁnm:#‘i” [H‘f
Ag By

Diagrammatic representation enthalpy of solution for
an AB ionic compound

Enthalpy of dilution

The enthalpy change s assogated with the addion
of a specifiic amount of solute to the specic amount
of solvent at o constant temperatuse.

For example.

HCI@ + 10aq. - HCL10aqg. AH = 69.0 kd/mol

Let us consider the followmng et of entholpy changes:

HCIE} + 250q - HC25aq AH=7203 kd/mol ()

HG@ +40aq. - HC40aq. AH=7279 kdfmol (u)

HCI@ + =agq. — HOl=aq AH = 7485 kdfmol (o)

The values of AH show general dependence of
the enthalpy of solution on amount of solvent. As

more the solvent ia used. the enthalpy of solution
opproaches a bmiung value. That is the value in
mnfinitely dilute solution

If vwe subtract the eq (i) from the eq (o)

HCO 25a0g + 15aq — HOL40aq.
=[7279 - (-72.03)] kJ/mol
=—0.76 kJ/mol

Thiz value ((0.76k]/mol) refers to enthalpy of dilution

Neutralisation Reaction

The amount of heat evolved during the neutralzotion
of an ood with olkoli Neutrolization reaction s a

reaction between a strong acid and o strong bose.
it is essentiolly the combinoton of one equivolent of

hydrogen ions with one equivalent of hydroxuyl ions.
H*+ OHT— H,0

Enthalpy of neutralization = the heat evolved when

one grom equivalent of the aad is completely
neutrolized by o base i a dilute solution

The value of enthalpy of neutralization for o strong

oad and strong baose is fueed which is 571 lJ. while
the value of enthalpy of neutralization for o strong

ood with o weak base or weal acidf weak bose is less
thon 57.1 kJ.

Example 2.10: Case Based:

Enthalpy change i the standord enthalpy of
formation. which has been determined for o vast

number of substances ln any general chemical

reaction the reactants undergo chemical chaonges
and combine to give products For any such reaction.

the change in entholpy is represented as AH and
is termed as the reaction enthalpy The reaction

enthalpy & calculated by subtracting the sum of
entholpies of all the reactants from that of the

products.

(A) In the stondard change of enthalpy of
neutralization, the reoction between the acid
and alkali will form one mol of:

(o) water (b) oxygen
(c) anhydrous salt (d) nitrogen
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(B) For which of the following reactions would the
AH® for the reaction be labelled AH*7

3 3
@ Aly e ZHygy e 2 Oy — AllOH),,

1
(b) PCL + >0, — POCL,

1 1
© N0+ 30y —NO,

(d) CaO, +SO,  — CaSO,

(© What is the standard enthalpy of reaction?

(D) How is the enthalpy of sublimation repre-
sented and mention one example?

(E) Assertion (Ax In case of strong acid ond base
the enthalpy of meutrolisotion

is the some.

Reason (R):  Neutralization means the
formation of heot from the
water.

(o) Both (A) and (R) are true and (R) is the
correct explonation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

(c) (A)is true but (R) is false.

(d) (A)is false but (R) is true.
Ans. (A) (g) Water
Explonation: OH™,__, + H'{ — Hloﬁ the
standord enthalpy change of neutralization
is the enthalpy chaonge when o solution of
an odd ond on alkali react together under

standard condibons to produce 1 mole of
vwater.

3 3
() (@) Alyy + ~Hyg+ = Oy > AllOH),,

Explonation: As one mole of oluminium
hydroxade is formed from the reactants
which are in their standard states. the heat
of the reoction represents the standard
heot of the formoton of oluminium
hydroxide AH_°.

(C) If the reaction is undergoing in the standard
state of substance. then the entholpy of
reaction is called as standard entholpy

(D) kis symbolized by &ml-ia
For example.

H]Dm — HJC}@
A H?=-60 kdmol™
(E) (b) Both (A) and (R) are true but (R) is not
the correct explanation of (Al

Explanation: For the strong acid and base
of entholpy of neutrolisotion & 13.7 kcal
this is due w the formaoton of heat from
water from H*and OH ™

Get More Learning Materials Here : &
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Lattice Enthalpy

The chaonge in entholpy tokes ploce when the
dissociation of one mole of ionic compound which is
wansformed into o goseous ions state. [t is represented

by A H®

lattioo
For example.

4 CF. -

NEICIﬁ—)Na@ &

Borm-Haber Cycle

It ig difficult to find the lattice enthalpy of the ionic
compound through o direct experiment. Therefare, we

con hove calculated them in the following manner.
N'-'"{:; 3 Na@ ﬁ
A__H® = 1084 kmol
Nﬂ@ — Na'@ + & |
lonisation enthalpy. AH® = 496 ldmal™

1
> %he > Yy
Bond dissocauon enthalpy %AMHQ =121 klrmai™

CI@ +e" — CI‘@
The electron gain enthalpy ﬁqu = 3486 kimn™

Na @J-E-CF@—}ND Crg:,l
Bu applying Hess's Lawr
Alattice H® = 4112 + 1084 + 121 + 496 — 34886
Alattice H® = 788 kJ

el 0 Oy

F 3
I

2|1

2 7 o

e AFP
_ 1 =348 6 leJ mol™
Ex:::lmﬂbECl'___

S

&

-

= [

'Lﬁ -

% Na + (O

1

%&Eau

= AT
L =3488 lJ mol™
&

e

o~

— ;’i...['r

P

S

=1 g At
Nay, ¢ = O '
E

-

. aH

=

[ |

ks

Na(l
Enthalpy ddagram for lattice enthalpy of NaCl
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<OBJ ECTIVE Type Questions)

[ 1 mark ]

Multiple Choice Questions

1.

Ans.

21

Ans.

3.

Ans.

Get More Learning Materials Here : &

What s the purpose of a bomb calorimeter?
(a) To determine the Latent heat of fusion
(b) To determine the Heat of combustion

(c) To determine the Heat of vaporisation
(d) To determine the Spedific heat capacity

(b) To determine the Heat of combustion

Explanation: A bomb calorimeter is o device
used to colculote the heat of combustion of a
process. To estimate the heat of combustion

it must resist o great deal of pressure. The

process is isochornc, and the heat energy equals
the intemmal energu.

What is the maoss of a substance if its
specific heat capacity is denoted by c, the
temperature differential (AT), and the heat

energy is AQ?

0 ear

(@) cAT ®) Q

() QcAT (d) QAT
Q

(o) AT

Explanation: The heat energy of o substance
is denoted by AQ ond given by the equation
AQ = mcAT where m is the moss of the
substance. c & the specific heat capocitu. and

AT is the temperature difference.

AQ

m=—
cAT

How much heat energy is required to convert

1 kdlogram of water to steam at 373 degrees
Kelvin?

(0) 273 kJ (b) 22600 kJ
(c) 2260 kJ (d) 2260 J
(c) 2260 kJ

Explonation: The latent heot of vaporisaton of

water is 2260 kfkg

The heat is required to convert water at 373 K

tosteamis Q = mlL

where m = mass of water

L = lotent heat vaporsotion of water;

heot energy required =1 kg = 2260 kifkg
=2260 1k

What is the value of specific heat capacity in
the adlabatic process?

(o) 0J (b) Infinity
(c) 4.2 (d) 4.2 Id

Ans.

Ans.

Ans.

Ans.

(@ 0J

Explonation: The change in tatal energy is zero
during on adiobatic process

Entholpy of sublimotion of a substance is
equal to:

(o) enthalpy of fusiom + enthalpy of
vaporisation
(b) enthalpy of fusion
(c) enthalpy of vaporisation
(d) twice the enthalpy of vaporisation
[NCERT Exemplar]

(o) enthalpy of fusion + enthalpy of

vaponsabon
Explanation: Enthaolpy of sublimation of o

substance &= equal to enthalpy of fusion +
enthalpy of vaporisotion

Sublimation s direct conversion of solid to
vapour.

gabd — vapour
Sublimation is o two step process :
solid — Liguid — vapour
(1) =obd — Lbqued. requires enthalpy of fusion
(2) lquid — vapour. requires enthalpy of
voponsoton

The enthalpies of elements in their standard
states are token os zere. The enthalpy of

formation of a compound:

(a) Is olways negotive

(b) s always paositive

(c) May be positive or negative

(d) Is never negative [NCERT Exemplar]
(c) May be positive or negative

Explanation: The enthalpy of formaton of o
compound maoy be positive or negative os it
can be an exothermic or endothermic process.

A system absorbs 10 kJ of heat at constant

volume and its temperature rises from
270 °C o 370 °C. The value of AU is:

(o) 100 IJ (b) 10 kJ
() 0kJ d 1kJ
(b) 10kJ

Explanation: At constant volume w = 0.
Therefore. AU=g_= 10 kJ

The heat of combustion of yellow
phosphorous is -991 kJ and the red

phosphorous is -8.78 [kl The heat of
tansition of yellow phosphorous to red

phosphorous is:
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Ans.

Ans.

10.

Ans.
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(@) 991 i (b) -8.78 IJ
() 9.34 kJ (d) -1.13 kJ

[Delhi Gov. QB 2022]
(d) -1.13 kI

BExplanation: The heaot of combustion of yellow
phosphorus is given -9.91 ldJ

P@é SC.'I2 — EF]DS

The heat of combustion of red phosphorus =
given -8.78 KJ

P"-W +50, - 2P0, —(@

We meed the heot of tronsiion of yellow

phosphorous to red phosphorous so subtract
equation (i) from equation (0.

Pd{;g} — F‘ﬂ
AH =-991-(-878) ld

=-113 1

Thue heat of transition of yellow phosphorus
w red phosphorusis —1.13 kJ.

The reaction

7

CH,+ 3501“] —5 ZCOZ(E] % EHJDU}

where the heat produces from the ethone
gos, = -B4.7 kdmaol™, GO, = 3835 leJmoli=*,
water liquid = -285.8 ldmol™*, then what is
the heat combustion for ethone?

(o) -155.7 kimeai™ (b) -155B.7 lelmmi™
(€) 559 lmei™  (d) -559.7 klmeoi™

(b) -1559.7 klmol™
Explanation:

=Y AH

f [product]
AH_(CH,)
=2x(-393Skimol™) + 3x (~2BSBldmol~)

Y AH

f [rcaceonm]

~ (—SUUmul‘*‘) = %:(U l:Jmut"‘)
=—1558 7kimal™

Standord enthaolpy of vaporization AH,,, p fOr
water at 100°C is 40.88 kdmaol™" The mtamml

energy of vapourisation at 100°C (in kJ mol™")
is ( assume water vapour to behave like an
ideal gas):

(a) 43.76 (b) 40.66
(c) 37.56 (d) 43.76
(c) 37.56

Explanation: For goseous reactants and
products. we have a relation between standard

12. Enthalpy

ocnrene €9

enthalpy of vaponsation (AH ) and standard
internal energy (AE) as:

AH, = AE + An RT
whenegs. An_ = n,-n,. ie. difference between

no. of moles of reactant and product
For vaporisation of water.

HJOW—:» HEO@
Therefore. ﬂ.ﬂg =1-0=1
Therefore. AHL,@ = AE + An_RT
Therefore. E =AE + An RT
= ﬂJ—l\ g
=408 -[1x8314x3}'3]
= 3753 kdfmal

Hence. the value of AE for this process will be
3753 kymol

11. The entholpy of combustion of carben end

carbon monomdde are -393.5 kJ mol™ and

203.0 kd mol™ respectively. The enthalpy of
formotion of carbon monoide is:

() -878 kJ (b) 110.5 kJ
(©) -110.5 iJ (d) 6765 kJ

Ans. (c) -1105 k]

Bxplonation:

C,+0 00, AH = 3935

1
Com+§0_—;m=, ﬂHj =—2830

1
Ciy*5 Oz = Py

l.:‘,M;H:ﬂ]—l_l-ﬂ'.H1

=-3935+283=-1105LkJ

chungas for the vreaction
4Htg — 2H, - BB9.6 kJ. The dissodation
energy of H—[SPI bond is:

(o) -BB68.6 IJ (b) BB9.6 kI

(c) -434.8 kJ (d) 4348 kJ

Ans. (d) 4348 kJ

BExplanation:
4Hy — 2H .AH = -BE2.6lcJ

2H_, — 4H:AH = BEAGLS

8896
Hay = 2Hy:AH = ——=4348K)

13. Consider the reactions given below. On the

basis of these reactions, find out which of
the algebraic relations is carrect.

M Cg+4Hy 2 CHyy  AH=xklmof
® Cgraphiesy * 2Ha 2 CHAy
AH=ykl mof™

Options:
(@) x=y (b) x=2y
(€) x>y (d) x<uy

[NCERT Exemplor]
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Ans. (c) x>y

Bxplanation: In eq (i). no bond is being broken
while in eq. (8). 2H — H bonds are broken. So. in

eq. (u). some of the energy is used up to brealk
the bonds. Thus. x> y

14. When the conditions are identical, how nony
mL of 0.1 M of strong bose AOH aird 0.05 M
strong H_A acid solution should bs mixed
for o total volume of 100 mL to produce the
highest rize In temperature 7
(o) 10: 80 (b) 90: 10
(c) 25:75 (d) 50:50

[Delhi Gov. QB 2022)
Ans. (g) 50:50
Bplanation: When an equal amount of aad

and boses are mbied. mmdmum amount of
acid will be neutralized by the base. thus
mmamum amount of heat of neutralization
will be released The higher the amount of

heat released. the higher will be the rise in

temperature
15. Calculate the chaonge in emthalpy for the
reaction:
IHsz — 2H_10 * 0

If heat of formation DfH 0 nnd H10 are
-188 and -28B ki/mol reapectmelg

(@) - 188 ld/mol (b) + 188 ld/mol

(c) =948 kd/mol (d) - 948 kJ/mol
Ans. (g) -196 kJ/mol
Explanation:
EHIOQQ -3 2H {..3‘

le?olmj - IEIEI lr_lfrnul
Far 2 moles H,0,=-2= 188 kl/mol
AH,[H,0)] = - 286 kl/mol
HID =-2 = 286 Id/mol
AHr = (2 = - 286) - (2 = — 188)
= 196 kimol

For 2 moles

16. The enthalpy of neutralization of HCl and
NaOH is x IJ. The heat evalved when 500 mL
of 2N HCl is mixed with 250 mL of 4N NoaOH

will be:
(@) x b X
2
X
© 2 @
Ans. (@) x
Bxplanation: Na. of grom equivalent HQ
_ 500x2 _,

i 250x 4
No. of gram equivolents of NoaOH = "yga5™ =1

Enthalpy change of a reaction when 1 gram
equivalent of add is neutrolized by one

gram equivolent of bose iz called heat of
neutralizoton

cnrene €9

17. Calculate the heat required to make 6.4 kg
Ct:lC2 from CaO, , and C,, from the reaction:

+ 3C —{:}Cuc “+ CD@ given that

AH (c)ac}) Ha2 keal, {aH (C0)=-26.4kcal)
and AH, (Ca0) = 151.6 lu:aL
(a) 5524 keal (b) 1.11 x 10° kxal

(c) B6.24 x 10° kcal (d) 1100 kcal
Ans. (b) 1.11 = 10? keal

(Muss)
MulecuL@rweight)

Explonation: n = (

_ (54 x 103)

(64)
Far 1 mole «::F{Iin::(l2
AH = aHf(GaC) +H,(CO) - HF(CCIO]
=-142-264 + 1516

=111.1 kcal
For 100 moles

AH =111 = 10° kcal

= 100

Assertion-Reason (A-R)

In the following question no. (18-20) a statement
of ossertion followed by o statement of reason

is glven. Choose the correct answer out of the
following choice.

(o) Both (A) and (R) are true and (R) is the correct
explanation of (A).

(b) Both (A) ond (R) are true but (R) is not the
correct explanation of (A)-

() (A)is true but (R) is false.
(d) (A)is false but (R) is true.

1B8. Assertion (A): Enthalpy of formation of HCL
is equal to the bond energy
of HCL

Entholpy of formaotion and

bond energy both involve the
formation of one mole of HCL

from the elements.
[Delhi Gov. QB 2022]

Ans. (g) Both (A) and R) are true and (R) is the
carrect eqplonation of (A)

Reason (R):

BExplanation: %Hn;l +%C1:m —HQ

[t represents the enthalpy of formation of HCL
as there only one bond is formed between

H and CL thus it will aleo represent &s bond
enthalpy.

15. Assertion (Ax The enthalpy of formation of

H10@ is lesser thon that of
Hjﬂm.

Reason (R): Chaonge in the enthalpy for
H, 0 — H_ID which is a
cun enﬂut.mn u*euctinn Es
negative.
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Ans. (o) Both (A) and (R) are oue and (R) is the
correct explanation of (Al

Reason (R): The enthalpies of al

elements in their standard
Eplanation: We know that goseous molecules

are at highes energy than water eo entholpy
chaonge is less negative for the condensotion

reaction. and becouse of this. the entholpy

state are zero.

[NCERT BExemplar]
Ans. (b) Both (A) and (R) are oue but (R) = not the

change for the formation of Hzom is greater
than that of H:,Cl@ in terms of numerical value.

20. Assertion (A): Combustion of dll organic

compounds is an exothermic

carrect explanation of (A)

Explonation: In the combustion reacton the
entholpies for the product are lesser than the

reaction. reoctant entholpies

@ASE BASED Questions (CBQSD

[ 4 & 5 marks ]

(@) The enthalpy of two moles of ZnO
is equal to the total enthalpy of two

moles of Zn and ore mole of oxygen

Read the following paossages and answer the
questions that follows:

21. We can meaosure the movement of heat

Get More Learning Materials Here : &

from one system to another thaot results in
a temperature change The magnitude of
the temperoture shift © determined by the

substance's heat capadty Hess's law states
that the enthalpy change of reaction remains

constant regardless of the number of steps.
It aids in the calculation of the enthalpy of
production. combustion. and other enthalpy
changes Bond enthalpies can also be used
to calculate enthalpy change. Enthaolpy is the
measwement of energy m a thermodynamic
system. The quantity of enthalpy equals to the
total content of heat of g system, equivalent to
the system's mtermnal energy plus the product
of volume and pressure. A mole of acetone
tokes less heat to vaporise than one mol of
water.

(A) Which of the two liquids ies., acetone
and water has the greater vaporisation

enthalpy?
(a) Acetone
(b) Water

(c) Equal
(d) Cannot be determined
(B) Calculate A H for the following reaction
at 25°C:
FEJDA[;} + OO . — 3F0, . « CO

@ (=) 2@
Ay H (ld/mol)
-1118 -110.5 -272 -393.5
(o) -263 kJ (b) 54 kJ
() 19 kJ (d) -50 kJ

(C) Consider the following reaction between
zinc and oxygen

ZZn&)+0@—b2Zn0w;,ﬁH=-EQHBkﬂmurg

by 693.8 kJ.

(b) The enthalpy of two maoles of ZnO is
more thon the torval enthalpy of two
moles of Zn and one mole of oxygen

by B99.B kJ.

() 893.8 kI mol*' energy is evolved in
the reactiom.

(d) 893.8 ki mol™ energy is absorbed in
the reaction

(D) Increase in the enthalpy of the

surrounding environment is equal to

a decrease in the system's enthalpy.
When the system and its surroundings

are in thermal equilibrium, will their
temperatures be the same?

(a) Yes

(b) No

(c) Depends on the pressure
(d) Always the same

Ans. (A) (b) Water

Explanation: Acetone requires less heat to

vapaorise due to the weaok force of attracton
between molecules.

As a result. water hos o higher enthalpy of
vaporisation
It can be represented as

N"mp (water) > &HWP (acetorne)

B) (194
Explanation: A H® = AH® (products) -
AH® (reactants)
=3 =272)] + (39315)-(111B-1105)
=19 1dJ

(© (c) 6938 kJ mol™ energy is evolved in the
regction
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Ans.
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Bplonation: As the vaolue of heat =
negotive. that means heot i@ evolved duning
the reaction and heat is released when
reactants hove energy higher than that of
products.

(©) (a) Yes

Explonation: Yes. when the system and its
surroundings are thermolly balonoad. their
temperatures are the same.

A colorimeeer = g device that s in wse
for measuring the wormth of chemical
reactions or physical changes also as heat
capacity. Normally o calorimeter consists af
a thermometer. This thermometer & then
attached to a metal container filled with water
suspended above o combustion chamber. It
is one of the measurement devices wseful in
the study of thermodynamics chemistru. and
biochemistry

For finding the enthalpy change per mole
of a substance P in a reaction between Lwo
substances P and Q. Here. both the substances
P and Q, are separately added to a calorimeter
and the initial and final temperatures are
noted Multiplying the natural process by the
maoss and heat capaates of the substances
gives worth for the energy gnen off or
obsorbed during the reaction Dividing the
energy change by what percentage of moles
of A were present gives its enthalpy change of
the reaction

q=CfT,—-T)g=C(T—T)
Where g is the amount of warmth consistent
with the change in temperature measured
m joules and C is the heat copaaty of the
calorimeter which is megsured in units of
energy per temperature (Joules/Kelvin)

(A) Exploin the need of using o calorimeter.

(B) What is the AH sign of endothermic
reactions, and why is it s0? What is
the relationship between the standord

enthalpy of formation and a compound's
enthalpy?

(C) What are the specific keat copocity and
molor heat caopacity for wemesr? Why
is the enthalpy of neutralisotion lower
when either the acid or the base, or both,
is weak?

(A) Calorimeury s the process of measuring
the omount of heat releosed or absorbed
during o chemical reaction [t iz o0 crudaol
part of thermodynomics. In order to
meosure the heat of a reaction. the reaction
must be isolated eo that no heat is lost to
the environment By lonowing the change in
heot it con be determined whether or not
a reaction is exothermic (releoses heat) or
endothermic (absorbs heat) Caolonmetry

(%)

ucnrcne €9

also ploys o large part m everydoy bfe.
controlling the metabolic rates m humans
and consequently mointaining esuch
functions lilee body temperature.

B) AH = postive o8 AH = H - H and

e} r

H < Hp
The relotionship between the staondord
enthalpy of formation ond o compound’s
enthalpy is that they are equol

(O Speafic heat capacity for H,0
=41 J g™
Molor heat capooty for H,0
=418 « 18
= 7524 Jmol™ i

A part of the heat is used up for dissocaton
of the wealk aad or weak base or bath.

Related Theory

Here 18 g/mol is the molar mass of warer.

The enthalpy of neutralizazion iz lower when either
the add or the base or both k& weak because a part
of the heat [ uzed up for dissocation of the weak
aad or weakc base or botin

Lattice energy is the change in the enthalpy
which takxes place when one mole of an ionic
compound is breakdown mto the gaseous ian
state Alternately. it can be defined os the
energy that must be supplied to one male
of an ionic aystal in order to separate it into
gaseous fans in a vacuum via an endothermic
process. Therefore. this quantity always holds
a positive value Some sources define lattice
energy in the opposite manner, ie. the amount
of energy released when an ionic solid is
formed from its goseous ionic canstituents
via an exothermic process. According to this
definition. lattice energy must always hold a
negative value The two primary factors that
affect the lattice energy of an ionic compound
are the magnitude of charge assodated
with the constiuent fons and the distance
between the ions. Due to the electrostatic
forces between them the indnidual ions in an
tonic lattice are attracted to each other. The
strength of the electrostatic force of attraction
is directly proportional to the magnitude of
the charge held by the constituent ions Le.
the greater the charge and the stronger the
force of attraction. the stronger the lattice. The
lattice energy of an ionic compound is inversely
propartional to the distance between the ions.
The further the distance between the ions in
a lottice. the weaker the electrostatic forces
holding them together and the lower the lattice
energy. Since it s impossible to determine
lattice enthalpies directly by experiment. we
use an indirect method where we construct an
enthalpy diagram called o Born-Haber Cyde.

@g www.studentbro.in



Get More Learning Materials Here : &

(A) Name the emergy when  the
decomposition of NaCl wansforms into
a sodium ion and chloride lon during this

reaction 7BB ldmol™ energy release.
(o) Lattice energy

(b) Dilution energu

(c) Neutralization energy

(d) Translation energy

(B) Choose the correct option for anolyzing
the reaction energies:

(o) Chemical cycle (b) Born-Haber cycle
(c) Nitrogen cycle (d) Carbon cycle
(C) The enthaolpy of dilution of a solution wiill

be ... . 0N the originol concentration

of the solution ond the amount of solvent
added.

(0) Independent
(b) May be dependent
(c) May be independent
(d) Dependent
(D) The enthaolpy of the solution will be
positive or:
(o) does not exist (b) negative
(c) zero (d) infinity
(E) For the given reaction
+ CU”

NoCly 2 Na'e + T
What is the type of enthalpy involved in

the reaction?

(o) Entholpu of atomization
(b) Enthalpuy of dilution

(c) Lattice enthalpy

(d) Enthalpy of ionisation

Ans. (A) (o) Lattice energy

Explonation: Lattice enthalpy is the
change in enthalpy that tokes place when
the dissociation of one mole of an ionic
compound which & wansformed into o
gaseous ions staote.

B) (b) Born-Haber cycle

Explanation: [t iz difficult to find the

lattice entholpy of the ionic compounds

through o direct exgpenment Therefore
we find the enthalpy through an indirect

method that = Born Haber cycde

(O (d) Dependent
Explonation: Enthalpy of dilubton =
dependent on the concentration of the
originol solswion and the amount of

solvent. The heat is produced or exhausted
by dissolving o mole of the compound in

the excess solvent

(©) (b) negotive

Explonotion: It can be exothermic and
endothermic depending on the reaction

24,

cucnrene €9

(BE) (c) Lottce enthalpy
Explonation: Lattice energy can be defined
as the energy required to convert one
mole of an ionic solid into goseous tomnic
constituents. Thus the given reaction
represents the lattice enthalpy.

The amount of heat energy released ar
absorbed when one mole of a substance
dissolves in a epeafied amount of solvent is
lonown as enthalpy of solution. Enthalpies of
solution may be either posibve or negative, in
other words, some ionic substances dissolved
endathermically (for example NaClk others
dissolve exathermically (for example, NaOH).

An mnfinitely dilute solution is one where there

is a sufficiently large excess of water that

adding any maore doesn't cause any further

heat to be absorbed or evolved So, when 1

mole of sodium chloride crystals is dissolved

n an excess of water, the enthalpy change

of solution is found to be +39 kl mol™. The

change is slightly endothermic. and so the
temperature of the solution will be slightly
lower than that of the original water. The
enthalpy of solution in the infinite dilution we
can observe the change in the enthalpy by
dissolving the substance i the infinite amount
of solvent there will be minimal interaction
between the ions. The enthalpy change s
assooated with the addition of o spedfic
amount of solute to the specific amount of
solvent at a canstant temperature. The values
show general dependence of the enthalpy of
solution on amount of solvent. As more solvent

is used. the enthalpy of solution approaches a

limiting volue That & the value i an infirutely

dilute solution

(A) Explain the enthalpy of dilution

(B) Is the dissolution of hydrated copper
sulphate an exothermic or endothenmic
process? Why is copper sulphate token in
powdered forrn?

(©) When liquid A is mixed with liquid B, the
resulting solution i=s found to be cooler.
What do you conclude obout the nature
of the solution? What type of deviation
is expected of o solution obtained by
adding concentration H,S0 , to water?

(A) The entholpy change is ossociated with
the addition of a specific amount of solute
to the epecific amount of solvent at o
constant temperature

(B) When the dissolution of hydrated copper
sulphate = on endothermic process The
copper sulphate is token in powdered form
to focibtate @ts dissolution n minimum
ume. Hence. preventing heot loss to the
surroundings
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(O The solution ehows a posive deviagtion
Absorption of heot toles ploce A-B
mnteraction i wealker thon A-A and B-B
interacton. By odding o ooncentroted

H,SO, to water the solution shows o
negative deviabon. The heat is liberated
and A-B interactions are stronger than A-A
and BB interactions.

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

25. What is meant by reaction enthalpy?

Ans. Reactants are converted into products in a
chemicol reaction. The enthalpy change that

occure as a result  of a reccton is referred to
as the reaction entholpy

26. Give the significance of enthalpy change.
Ans. Measuring the chonge in entholpy ollows
ue to determine whether o reoction was

endothermic (absorbed heot positve chonge
in entholpy) or exothermic (released heot

a negaotive change in enthalpu) It is used to

calculate the heot of reacton of a dhemical
prooesa

27 . Define the Enthalpy of fusion.

Ans. The entholpy chonges when one mole of
solid-state s converted tw a bquid state ot &s

melting point is lomown as enthaolpy of fusion

ZB. Write the applications of Hess's Law.

Ans. (1) For the enthaolpy of formaotion calculoton

(2) To determine the standard enthalpies of
reoctions.

29. The stondard heaot of formation of 03 is
B24.2 kJmol™. Calculate enthalpy change

for the reaction, 4Fem = 301@ — 2Fe103_

Ans. AH =Y AH? - AH;

= [2 x AHP (Fe,0,, )] H48H? (e )
=2 (8242 kJ) - 4(0)
=-168484 lJ

3. How will you calculote work done on an
ideol gas in @ compression, when o chaonge

in pressure is corried out in infinite steps?
[NCERT Exemplar].

Ans. The workk done can be calculoted wath the
help of p-V plot A p-V plot of the work of
compression which s carried out by change
in pressure in infinke steps. and shaded area
represents the worlk done on the gos.

21. Define the concept of enthalpy.

Ans. [t is defined as the overall heat content of the
EYEtent

32. bxpress enthalpy in mothematicol formn.
Ans. In terms of maths, the onswer i
H=U+pV.
where. U iz internol energy.

33. When does the enthalpy change become
positive or negotive?

Ans. AH g positive for endothermic reaction which
absorbs heat from the surroundings. AH is

negative for exothermic reactons which evolve
heot to the sunroundings.

34. Give the isothermol reversible change
exprassion

Ans. For an isothermal irreversible change
Q=_W=pn WF_U)

Ve Ve
=nkT In vV = 2303 nRT .[Dg "u:
i

35. What is the standard enthalpy of formation
of graphite? [Delhi Gov. QB 2022]

Ans. Zero. as all elementg in their standard states
(solid carbon in the form of graphite. etc) hove

o etandord entholpy of formotion of zena as
there ia no change involved in thewr formation

(SHORT ANSWER Type-I Questions (SA-I))

[ 2 marks ]

dB. Calculate the enthalpy of ethuylens
hydrogenotion using the given dotm

Bond energies of C—H, C—C, C—C and H—H
are 414, 347, 61B ord 435 kJ mol™

Reaction can be given os:

CH,=CH, + H, - CH, - CH,

x>

Ans. AH_= Y{Bond energy) - }:p(Bnm:E energu)
AH =€, +4E_+ E ) — (€. +BE.,)
AH = [B1B + (4 = 414) + 435) - (347 + (6 x 4149)]
AH_= 2709 - 2831
AH_ =-122 ldJ rol™
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37. The enthalpy nfm:umizunun for the reoction Enthaolpy of formaotion of ethane at 298 K
CH, — Cg is 1865 Idmol™. is — 2039 k cal / mol

4{g)

What i ‘the Lond energy of C-H bond? - N
[NCERT Exemplar] . Define the following:

Ans. The reaction is (A) Enthaolpy of sublimation

Enthalpy of atomisation
QHy,y > Cy+4Hy  AH=1665 Kk mal™ ® s

‘@ & Ans. (A) The enthalpy chonge when one mole
oo, Eneyvmean | ane enchelpy oy C2EL of eolid ot its melting point is directly

the 4 moles of atomisotion for C-H bonds. ! -
wranaformed into the goseous stote is

therefi :
g i lmown as enthalpy of sublimaotion It is
= 1665/4 = 416.25 ldmal represented by A_, H®.

90. Calculate the enthalpy of formotion of (B) The energy which is uead to transform any
ethone at 25°, if the enthalpies of combustion substance mto goseous atome iz called
of C H, , and C,H_, ore -94.14, -8847, entholpy of atomization [t & per mole of
_373§|.;m[ regp.ectmly_ the goseous atoms. [t is represented by

ALHP.

Ans. Given thermochemical reactiona are
40. Bplain the following terms with an example:

@ Cu+0,y =00, AH= 8414Keal
1 (A) Enthalpy of vaporisation.
=) +=0.-HO AH= G6B47Kaal
= 23 "% (B) Enthalpy of combustion.
7
(=) C:Hn*'z-o‘; — 2C0., + 3H.0, AH= 373 3xoal Ans. (A) Enthalpy of vaporisation: The enthalpy
chonges when one maole af liquid stote is
The required reaction is converted into gaoseous state ot its boiling
- 516 . a
2C{:j N 3H1{gj B CQHE@ point of bquid. It & symbolized by ﬂ,mpl-[
The requwed reoctions are obtoined by For example.
multiplying equaton () by 2 and equotion HiDﬂ — klj{]@

(@) by 3 and reversing equotion () and then

e _ |
adding. we get. 'Q\WH =60 kdmol

(B) Enthalpy of combustion: The entholpy

2C;+20 200, H= 16838kl chonge thot the one mole of substance
3 undergoes combustion in the presence of
3 +—0__—=3H0 H= 205.41lcnl
= 4 "% ; excess air. It is denoted by A H®
CD=+3H:D.—1C,H,=+§-0= H=1¢3733kcal For example:
Therefore. we will get 014@ kS 20}.@ — CO.‘.@ + ZH:IDW
2Cgy + Mg = CHey H =-2038 kxol AH® = 8903 kImol™
(SHORT ANSWER Type-Il Questions (SA-II))
[ 3 marks ]
41. Answer the following: formation of the mnost stable allatropic
(A) Why is the stondaord enthalpy of form is taken as zera. For carbon graphite is
fﬂm"ﬂﬁﬂﬂ of diomond, not zero although the most stable and not diomond therefore.
it s an element? the enthalpy of formaouon of graphite is
(B) SO, ond SO, hove standard E“"E“‘F"Eﬂ considered as zero not for diamond.
of pmdu:tmn of 297 kJ mol™ ond
396 kJ muwol™, respectively. Determine ® AH, = (AH%) e == (AHP), corones
the normaol entholpy of reaction for the AH® = AH°, (SO) - (AH°(SO,) + 12
following reaction: d > .
: aH*{0,)
Ans. (A) If an element is present in various allotropic AH® =-390 ki mol™ + 297
forma then only the standard heat of AHP =-98 k] mal™"
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42.

43.

Ans.

44,

Ans.
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Calculate the enthalpy of formation of acetic
acid, ifits entholpy of combustion is -BE87 kJ/
mol. The enthaolpies of formation of CO,

and H.ZDN are — 393.5 ki/moland -285.9 kfﬁ
mol respectivelu.
AH = AH — AH
Let the Er}smummnnuﬁnn acetic aad as
X
For the reaction:
CGH,000H + 20, - 200, + 2H,0
- B67 = (2 x (enthalpy of formatior of CO,)
+ 2 x (enthalpy of formation of H,0)
— enthalpy of formation of acetic aad
- BB7 =-[2x(-3935) + 2 x(-2859)] - (X)
- BB7 =- 13588 + X
X = 13588 - B67
X=4818 ld/mol

Calculate the heat of combustion of ethylene

(gos) to form carbon dioxdde (gas) and water
(gos) at 298 K and 1 atmospheric pressure.
The heat of formation of carbon dioidde,
water and ethylene ore -383.7, -241.8,
52.3 IdJ per mole respectively.

The combuston reaction of ethulene gos = as
follow:

C:Hd 5 302 —> 2&31@_} F 7_H_20@
ﬂ]—ll,{CGI) =-38937 k]
ﬁH'{HIO] =-2418kJ
ﬂHI‘{QHJ =+523

&Hr=EﬂH,"(F’) E,&H'“(r)

AH, =[2xAH,” (00, )+2=aH,° (H,0)]
(a7 (CH,)+ 3xa1,7(0,))

AH =[2x-3937+2=-2418B]-[523+0]

Entholpy of formaoton is zero for elementary
changesa

AH_=-13233 kJ

Answer the following:
(A) Define reaction enthaolpy.

(B) Enthaolpy is on extensive property. In
general, if enthalpy of an overoll reaction
A — B olong one route is AH and AH,,
AH,, AH,.. represent enthalpies of
intermediate reactions leading to product
B What will be the relation between A
for overall reaction z_\..HI, AH,, AH,— for
intermediate reactions?
[NCERT Exemplar]

(A) The arnount of heot produced or given
out during the chemical reaction is called
reaction enthalpy The enthalpy of reaction

s denoted by AH.

cucnrcne €9

AH = (sum of enthalpies of producy

— (sum of enthalpies of reactants)

&rH = z;ﬂﬁm & Zlb;Hnu:a:n

> Sigma iz denoted for summation and
a, and b, is represented os stoichiometric
et

coeffcient for the reactant ond product

(B) As per Hesss low AH=AH  AH AH,
this due to reasons m the reaction of A—B
the formation of B underwent different

intermediote reactions therefore overall
enthalpys A H.

45. Briefly explain the following:

(A) Hess's Law

(B) Will the heat released in the following
two reoctions be equal? Give reasones in
support of your answer.

1
0 H,,, *iouul —H, 0.,

1
(M H,,,* Euuua —-H,0,

Ans. (A) As per the low the standard reaction

enthalpy will be the sum of the standard
enthalpies of an intermediate reaction in
which totaol reoction occurs at the same
temperature, wnether the reaction occurss
m one step or multiple steps

Therefore.
A—>H

AH =AH, ¢ AH, « A,
The diogrammolic representatiosn
A———> A

AAH
A > B
A
j_,Hj -ﬂ':’L"L.F
Y
C »> D
ad

(B) Na. the heaot released m the two reactions
are not equal The heat releosed i any

reaction depends upon the reactants.
products and thewr physicol stotes. Here

in reaction (). the water produced is in
the goseous state whereas in reaction (@)
Lquid is formed. As we lowow when water
vopours condensed to form water. heot
equal to the lotent heot of vaporisation
is releosed. Thus nnore heat is released in
reaction (u)
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(LONG ANSWER Type Questions (LAD

[ & & 5 marks ]
46. 3.5 g of a gas with a moleculor wweight of 28 - 785 =20758B +u
was bumed in excess exygen in @ constant u=-785% - 20758

volume calorimeter at 298 K. The combustion
proeess increased the temperoture of the

colorimeter fromn 298 K to 29B8.45 K. Assume 45. The lattice En[hu[pg of an ionic :Dmpaund
the colorimeter constant is 2.5 kJ K

Calculote the enthalpy of gos combustion in

u=-28708 kI mel™

is the enthalpy when one mole of an lonic
compound present in its goseous state,

ke mn™ dissociates into its ions. It is impaossible
Ans. T,=208K to determine by experiment. Suggest and
T-=29845K exploin an indirect method to meosure
K =25 lJxK? lattice energy of Nul:lm. [NCERT Exampler]
m=35g Ans. The change in enthaolpy takes ploce when the
M_ =28 dissodation of one mole of ionic compound
Heat evolved = KAT which is transformed into o gaseous ions etote
= K(T,-T) it is represented by A __ H®.
s 1
= 245 kK™ = (29845 - 298)K Naig + Qg
=117kl T
Heot evolved for 3Sgofogos=1.12 kJ £ 12 ApccgH T
~. Heat evolved for 28 g of gas (1 mole) 2 g agH
o —
=(L125 x 2B)/ 35 ?.5 d =
The entholpy of combustion of the gas —a—:iﬂ}ﬁ E
AH_=9 lJmol™* = E
| E | an
47. C_nlculuﬂ:e the lattice enthalpy of CaCL, g ¥
iven that 2 -
: . s a Naog+ g
Enthalpy of sublimation for <
e ~a -
Cam S Ca@ =121 ki mnl Nag# 1/2 Qlagg
Enthalpy of dissociation of =
J AmiH
Cly) — 2CL ) = 242.8 kJ maf™ §
lonisation energy of +3 A H
Ca —>CG; =2422 kl mol™ % 12 Oz
@ ]
Electron gain enthalpy of o | s
2C1 - 201, ==
= (2 x - 355) kJ mnl™ TET
\ 4
= - 710 kdJ mol™ NoO(S)
Enthalpy of formation of CaCl, Enthalpy dagram for lattice enthalpy of NoQ
=-795 kJ mol™
H > ST
Ans. p . A, —27%, coClw NaCly, = Na'y +
A, .. H® =788 dmal™
AH AHy U To calculote the lotbce energy for NaC
g following eteps
20 AH, 2Ch (1) Sodium metal undergoes sublimation
E,‘a INT + - Naw — Na @
& — G’ (2) Then the sodium atom undergoes
AH,=AH, + AH, + AH, + 2 AH, +u ionisation
-785 =121 + 2422 + 2428 + [2 = (-359)] + u " ”
Nag,, —» Na®, _, + €
- 795 =27858-710 +u © @ @
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(3) Dissogation of chlorine Heattransferred. Q = ma\T

la..- =0.00125 =893 = 673
> %O - 0075k
(4) Chlorine goin electron Enthalpy of combustion & enthalpy of
G@ +E @ —3 CI' reaction. In reaction. 1 mole of octane s
Na*® @ * CI" - NEICl@ used.
Therefore. the nuerct!.[ change in the enthalpy So. enthalpy of 1 mole of octane can be
& Zero. calculated as follows:

For 1.25 g heat transferred is 0.075 IdJ
For 1 mole of 114 g of octone heat

49, Answer the following:
(A) A1.25g saomple of octane (C H, ) is burnt

in excess of oxygen in a bomb calorimeter. sy el b agss | 114 - 884 kJ
The temperature of the calorimeter

rises from 294.05 K we 30078 K (B) For the given reaction:

[f heot copacity of the colorimeter is 2H, ,+ 0, —2H,0

8.99 ld/gi_ And the heat wansferred to

the stondord entholpy of reacton =
A} = - 572 kd mol™,

The reaction for swondard entholpy of
formovon of H,0 can be represented by

colorimener.
(B) The enthalpu of reaction for the reaction:
2H,  +0,, —»2H,0, sAH"=-572k

mal™. What will be standard enthalpy of the equotornc
formation of H,0_?
" HTl ] H + -01{:} _}H‘JO
Ans. (A) CH,, +5-0, - BCO, + 9H,0

Mass of octane. m = 1.25 g or 0.00125 kg o the half of AH® will be the standard
Heat gw. c=B883 kg i

c EG].:.ID = € kg molar enthalpy of formation; is A;H® = 2
Change in temperaoture. 2

AT =300.78 - 29405 572 zis ALH° = [_ﬂ] = -288 kJ mol™
=B673K 2

&
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LAWS OF THERMODYNAMICS,
SPONTANEITY, GIBB'S ENERGY

CHANGE

" TOPIC1
LAWS OF THERMODYNAMICS

Thermodynamics lows define the fundomental
physical quontities Lke energy. temperature and
entropy that characterise thermodynomic systems
at thermal equilibnum. These thermodynomics lows

represent how these quantities behove under vanious
circumnstances.

There are four lows of thermodynamics which are
given below:

(1) Zeroth low of thermodynaomics

(2) Frst low of thermodynamics

(3) Second low of thermodynamice

(4) Third low of thermodynaomics

Zeroth Law of Thermodynamics

The zeroth law of thermodunomics states thot-

“if two bodies are mdnadually in equilibrium with o

gseparate third bodw. then the first two bodies are also
in thermal equilibrium with each other”

&J/\} Important

= The zeroth low of themmodynamics frames an Idea of
remperature as an kndicator of thesmal equilibrium.

Zeroth low of thermodynomics tokesinto account that

temperature is something worth meosuring becaouse
it predicts whether the heot wall transfer between

objects or not This & true regardless of how the

objects interoct Even & nwo objects are not in physical
contact heat stll can flow betwesen them, by means of

rodiation mode of heat transfer. Whereans. the zeroth
low of thermoduynomice states thot. & the systems are

in thermol equilibrivn1 no heat low will taie place.

First Law of Thermodynamics

The first low of thermodynomics states thaot the
energy of the universe remains the some or the

energy can neither be oeoted nor destroyed
although, it moy be exchanged behween the system

and the surroundings. This low relotes to the changes
in energy stotes due to work and heat wansfer. It

redefines the conservation of erergy conozpr

Let us consider the general case in which a change of
stote i brought about both by doing woric and by the

transfer of heot We wrze change in mtemal energy
for this cose as

AU =g+ w
Where

AU = change m intermnol energy of the system.

g = algebraic sum of heat wransfer between eystem
and surroundmgs.

w = worle interaction of the osystemn with s
surroundings

The mothematical equoton for the first low
AU=g+ w

For a given change in state. g and w can varny
depending an how the change is carried out However,
it depends only on the initial and final state. [t will be
independent of the way the change iz carried out
If there s no wansfer of energy os heat or as worlc
(soloted system) te. fw=0and g=0.then AU =0.

The equotion te. AU = g + w is o mathematical
statement of the first low of thermodynomics. which
gtates thot

“The energy of an isolated system is constant’

It .8 commonly stated os the low of consenvation
af energy te. energy can neither be created nor be

destroyed.

[ﬁ:]’lmpurtunt

we (1) For an Bolated eystem energy (E) alwaoys remains

constant

(2) Internal Energy k= a point function and property
of the syztem. Internal energy f= an extensive
property (mass-dependent) while speafic energy
e an intensive property (Independent of mass)

(@) For an ldeal gas. the Intemal energy & a function
of remperarture only.

Limitations
The low stotes that whenever o system undergoes
any thermodynamic process it always holds o certain

energy balance However, the first low foils to give the
feacsibility of the process or change of state thot the

system undergoes. For instonce. the first low faoils to
ewplain why heat flows from the hot end to the cold
end when o metollic rod is heated ot one end and
not on the other and wvice versa. The first law only
quantifies the energy transfer that takes place during
this process.
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Example 3.1: Predict the chonge in intemaol
energy for on isolated system at constant volume.

Ane. For an isoloted system. no form of energy to

be it heot or worlc can be transferred in any
direction. Hence. g = 0 and w =0. Therefore.
change :n internaol energy for an isoloted system

AU =0.

Example 3.2: Case Based:

Grren below s the diagram m which the ideal gas =
enclosed in a cylinder fitted with a frictionless and
weightless pistor. In the first figure. worlk s done by
system. increasing the volume and in the second worlk
is done by surrounding. decreasing the volume of the
systern. Answer the agsked questions.

Piaton
Flaton
Uoliane :
npieaged G Vlﬂmg‘mie 4
SENERT e
R L S AL S
% = Lav S
\_ ey v =) L R
Heat given Heat
glven
A 0 sy2em
Work done by aystem Worl done by survounding

(A) The first low of thermodynaomics in an
isothermaol praceas is represented by (g = heat
exchonged, we=worlc done, AU=internal energy

change):
(@) g=-w (b) AU=w
(C} ﬂ.U:Qu (d] :ﬂ'nll.j=—c,‘;.'..||=r

(B) Which of the following can be explained by the
first law of thermodynamics?

(o) It taokes intoc @coount
comservation of energy.

(b) Does not indicate the direction in which
change takes ploce.

(c) Gives no informaotion about the extent of
change.

(d) Gives no
BOUrCE.

(C) Whot would be the sign convention for the
worle in both cases?

the low of

informoton about the heaot

(D) During on adiobatic exponsion of 3 moles of a
gos, the chonge in internol energy waos found
to be equal o -100 J. Calculate the work done

during the process.

(E) Assertion (A): The heot supplied to a system
is always equal to the Increase
in its internaol energu.

When a system chonges from
one thermal equilibium to
another, some heat is absorbed
by it

(o) Both (A) and (R) are true and (R) is the

correct explanation of (A).

Reason (R):

x>

(b) Both (A) and (R) are true but (R) is not the
correct explanation of (A).

() (A) is true but (R) is false.
(d) (A) is false but (R) is true.
Ans.(A) (o) g=-w
Explonation: According to the fust low of
thermoduynomics
AU=g+ w
When a thermodynomic system undergoes
a physical change in such o way that its

temperoture remaoing constant. then the
change is lonown o8 an isothenmal process

For an isothenmol process. AU =0
Hence.
g+w=0
g=-w
It tokes mto account the law of
canservation of energy.

Explaonation: The first law of

thermodynomics does mignify the general
law of conservation of energy that the total

energy of o system remaoine conserved.

®) (@

(C) Negouve, Positive
i the gas exponds. V, >V, work & done by
the eystem and work = negative.

i the gos contracts. V. <V, woric iz done on
the system and work s positive

(D) Change in mternal energy. AU =-100 J

Since it is an adiabatic process. the heat
exchanged will be zsro, g =0

AU =qgq-W
-100 =0-W
W =100l

(B (@ (A is false but (R) is rue
Explonation: According to the furst low of
thermodynomics

Ag = AU - Aw
= AU + pAV

i heot = supplbed in such o monner that
volume does not change. AV =0

The whole of the heat energy supplied to
the system wil incregse internal energy
only. But in any other process. it i@ not
possible Also. heat may be obsarbed or
evolved when state of thermal equilibrium
changes.

Exomple 3.3: Three moles of an ideal gaos

initiolly ot 37°C and one atmospheric pressure are
compressed isothermally and reversibly till the

final pressure of the gos at 5 atm. Calculate g, w
and AU for the process.
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Ans.Here. n=3 moles T=37°C =310 K p, = latm.
P, = 5 atm

w = 2303 nRT log %
=2303=3 8314« 310log 3

=1246479 ]

= 12465 kJ
For isothermaol compression of an ideal gas
AU =0

g=-w=-12465 kl.

"TOPIC 2
SPONTANEITY

The first low of thermodynaomics tells us about the

relotonship between the heot aobsorbed and the
wark performed on or by o system. However, this

low dossn't rolke obout the dwection of heat flow.
Howeuver. the flow of heat is unidirectonal from higher
temperature to lovwer temperature. For example, when
a hot bedy and o cold body are placed in contact. heot
flowa from the hot body to the cold bodu The flow
of heat s unidirectional from higher temperatwe to
lower temperature. All noturally cocwming processes
whether chemical or phusical will tend tw proceed
spontaneously in one desction only

But heot will not flow from o colder body to o warmer
body on its own. gas cannot diffuse from low pressure

to high pressure or water cannot run uphill on ite own

These and many other spontaneously occurmng
changes show unideectional chonge Does
the question anse whot is the dnving force of
spontaneously occurring changes? What determines
the direction of a spontanecus change? In this section
we ghall estaoblish some eriteria for these proossses
whethner these will take ploce or not

By two processes we toie imto consideration of
spontaneous reaction or change.

(1) Dissoluton of sugaor nto the water at room
temperature

(2) Bumning of coal in air or omajgen

You may think by yowr common observoton thaot
spontaneocus reaction occurs immediately when
contact is mode between the reactants The first
process tokes place by sself olthough it may be
slow. wherenos the second procsss cannot take
ploce by &self. It needs mitiation ée_ cool needs to
be ignited but once it is iniboted it contnues on
its owrn

Although the reaction s taling place between them.

it is at an extremely elow rate It is still caolled o
spontaneous reoction. So spontoneity means ‘howing

the potentiol to proceed without the ossistonce of
external agency. However. it does not tell about the
rote of the reaction or process. Another aspect of
spontaneous rFeoction Or pProcess. 08 we see is thot
these cannot reverse their drection on their own So a
spontaneous process can be thus defined as

ocnrene €9

An irrevessible proocsss that haos o noturol tendency to
occur either on ite own or after proper infiation under
the given set of condiions and can be reversed by
some external agency only

Note: A spontoneous process does not meon thot
the process should be instantaneous. The rote of the

process moy vary from exdremely slow to extremely
fast

A process that can neither tale place by itself nor by
mitation is called o non-spontanecus process

For example. flowmng of water up a hill flowing of
heot from o cold body to o hot bodu diffusion of gos
from low pressure to high pressure.

Is the decrease in enthalpy a criterion for
spontaneity?

W lenow that oll physical and chemical changes are
occompanied by energy chonges. if we examine the

dropping of a stone from a building and the flowing

of waoter down the hill. a net decrease in potential
energy in the direction of chonge tokes ploce. As

we lmow that the stone or water possessed more

potentiol energy at a higher level than at a lower level.
This suggests that macroscopic objects proceed by a

decrease of energy to undergo o spontaneous process
because the state of the lowest energy corresponds

to modmum stability. Similarly. chemical reactions
that are exaothermic howve a negotve entholpy of

the eystem ond are epontoneous and o reaction will

always be non-spontaneous whnen AH is positive and
AS is negative. For example:

1 3
= Sk : - =
le + QHEE;qNHE(gj A =—481 kl mol

1 1 . -
2H@+ 2%—1% AH =-92 372 kJ mnl

H A H =-2858 kJ mal™

1
210+ 2%9 M0
The decrease in enthalpy in passing from reactants to
products may be shown for any exothermic reaction

on an enthalpy diogram.
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A

Tatol entholpyl.
of reacconts -

H Net heat evolved

in the reaction
Toral entholpyd_ =~
of products

L 4

Regctonos Fuoducts
Reaction Coordinate

Thus. the postlote that the dnving force for a

chemical reaction moy be due to o decrease in energy
sounds “reasonable” as the bosis of evidence

ENI@*'O:&@_}NOHQ:

3 = s wal
Curapze g + 259 = CSyp  AH® = + 1285 k mol

These reactions through endothermic. are
spontoneous. The increase in enthalpy may be

represented on an enthalpy diagram

AJF =+ 33.2 kJ mol™

F
Total entholpyl gy
cf products " A
AH
H Net heat absarbed

from the suroundings
m tho reaction

Toral entinalpye H, —————— x

af reocoonis

Reacronic Furoduens -
Reaction Coardinote

Therefore, it becomes obvious that while o decrease
in enthalpy moy be o contrbutory factor for

spontoneity. but it is not true for all cases

Entropy and spontaneity

Every system tends to attoin o stote of momamum
stabiliy; therefore. o more disordered stote maoy be
related to more stobilitu Hence. the tendency of
various systems to acquize o more random state may
be responsible for the spontaneity of the proocsss
When the entropy of the universe increoses during o
proozss. Gibbs's free energy of the system decreases
and the process is spontaneous. When the entropy of

the universe decreases during a process. the Gibbs
free energy of the system increoses. and the process

does not spontaneously proceed

Whot s the reoson for the spontanecus process to
proozed in o given directon? Let us examine such
a case in which AH = 0. ie. there ie no change in
entholpu but stll the process is spontaneocus Let

us coneider diffusion of two goses into each other
in o closed contoiner which iz isolated from the

surroundings as shown in the fig
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(b)

Diffuaion of bwo goeses

The two gasses say gas A and gas B are represented
by black dots and white dots respectively and
separated by o movable partition in (gl When the
partiion is withdrown asz shown in (b). the gases
begin to diffuse into each other and after a penod
of ume. diffusion will complete. Let us examine the
process. Before partition. if we were to ptce up the
gos molecules from left container, we would be sure
that these will be molecules of gas A and eimilarly.
if we were to pick up the gas molecules from the
right container. we would be sure that these will
be molecules of gos B. Bur if we were to pick up
molecules from the contoiner when the paortion
is removed. we are not sure whether the molecules
picked are of gos A or gos B. We =oy thot the systenn
hos become less predictable or more chaotic We
maoy now formulate another postulote: in an isoloted
system. there is alwoys o tendency for the systems’
energy to become more disordered or chootic and
this could be a oiterion for epontaneous change

At this point we mtroduce another thermodunomic
functon. entropy denoted as S. The above-mentioned
disorder is the manifestation of entropu To form
a mental picture. one can think of entropy oe a
measure of the degree of randomness or disorder in
the system. The greater the disorder in an isoloted
system. the higher is the entropu. As for as a
chemical reaction is concerned. this entropy change
can be attributed to rearrangement of atoms or ions
from one pattemn in the reactonts to another (in the
praducts) If the stucture of the products s very much
more disordered than thot of the reactants, there
will be o resultant increase in entropy. The change
in entropy accompanying a chemicol reaction may
be estimated quolitatively by o consideration of the
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structures of the spedes taling part in the reacton
A decrease in regularity in structure would mean
an increase in entropu. For o given substance. the
crystolbne solid stote is the state of lowest entropuy
(most ordered). The goseous state & state of highest
entropu. Now let us try to quantify entropy. We can
quontify this process by heot involved in o process
which would make entropy o thermodynamic
concept. Entropu. like any other thermodynamic
property such as nternal energy U and enthalpy
H is o state function and AS is independent of path
Whenever heat m added to the system. it increcses
moleculor mobons causing increased randomness in
the system. Thus heat (g) hos a randomising influence
on the system. BExperience suggests ws thot the
distribution of heat also depends on the temperature
at which heot iz added to the system. A suystem at
a higher temperature hos greater randomness in it
than one at a lower temperature. Thus, temperature
is the measure of overage chootic moton of particles
in the system. Heat added to o system at o lower
temperature causes greater randomness than when
the some quontty of heat is added to it ot a higher
temperature. This suggests that the entropy change
is inversely proportionol to the temperature. AS &=
related with g and T for a reversible reaction as:

4f"j.S:f"_".""_

The total entropy changes (AS__, ) for the sustem and
surroundings of a spontaneous process & given by

ﬂsw=ﬂ5mm+&5m}0

When a system @ in equilibrium. the entropy &
modamum, and the change in entropu. AS=0

We can soy that entropy for o spontoneous process

increases tll it reaches momdanum and ot equilibrium,
the chonge in entropy is zero. Since entropy is o s1ate

propertu we can calculote the change in entropy of a
reversible process by

We find thot both for rewversible and irreversible
expansion for an ideol gas. under isothermol
condroons. AU = 0. but

ﬂSmm ie. AS  + AS__ i not zero for irreversible
process Thus. AU does not discriminote between
reversible and oreversible processes. whereas AS
does.

Example 3.4: Predict which of the following,
entropy increases/decreases:

(A) A liquid crystallises into a solid.

(B) Temperature of a crystalline solid is roised
fromOKwo 115 K

Ans. (A) After freezing, the molecules ottain an
ordered state and therefore entropy
decreasee

(B) At 0 K. the constituent particles are static
and entropy is minimum. if temperature s
raiced to 115 K these begin to move and
oscillate about their equilibrium positions
m the lattice and system becomes more
disordered. therefore entropy increases

Gibbs energy and spontaneity

Generaolly, the total entropy change i@ the essentol
porometer that defines the spontaneity of any
process. Since most of the chemical reactions fall
under the category of a closed system and open
system; we can soy there is o change in enthalpy too
along with the chonge in entropy. Since. change »
enthaolpy olso increcses or decoreasss the randomness
by offecting the moleculor motions. entropy change
alone cannot account for the spontaneity of such o
process. Therefore. for exploining the spontaneity of
o process we use the Gibb's energy change. Gibbs'
energy is a state function and an extensive property.
The general expression for Gibb's energy change at

constant temperature s expressed as:
AG. =AH -—TAS
A =z e
Where.

ﬂG#‘_ = Gibb's energy change of the system

ﬂH:yE = Enthalpy change of the system
&S@s = Entropy changes of the system
T = Temperoture of the system

This & ltnown as the Gibbs equotion

For o spontoneous process. the total entropy
change AS__, is alwoys greoter than zero.

":‘Sm o &Sq,c: * Bsm
Where.
ﬂsmw
65%'3 = Entropy change of the system

AS___ = Entropy chonge of the surrounding

= Total entropy change for the process

The chonge in temperature between the system and
the surrounding tn the case of thermal equilibrium
between system and surrounding iz 0. ie. AT= 0.
Thus. enthalpy lost by the system is goined by
the surrounding. Hence. the entropy chonge of the
surroundmng s given as

AH
)

T

AH
==
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AH, . = chonge in enthalpy of the surrounding

&H:‘ﬂﬁ = change mn enthalpy of the system

Alsp. for o spontaneous process. the totol change in
envopye 0.ie. AS >0

Therefore:

T;‘}.S%E - .&HEF >0

‘&Hﬁyﬁ - TﬂS@ <0
Ueing the Gibb's equation. & can be soid that

ﬂG:y: <0
Thus. it can be inferred thot spontaneity at constant
pressure and temperature = obtained by
(1) I AG s negative < 0. the process is spontanecus
(2) f AG s posibve > 0. the process 8 mon-
spontaneous.

Therefore. with the help of the above relation the
spontaneity of a reaction can be easily predicted.

(1) In the case of exothermic reactions. the entholpy
of the system is megotve thereby making oll
exothermic reoctions Epontaneoua

(2) In the case of endothermic reactons Gibbs
free energy becomes negotive only when the
temperoture i@ very high or the entropy change
is very high

Example 3.5: A reaction, A+ B> Ce D+ qis

found to hove o posiive entropy chonge. The
reaction will be:

(o) Paossible at high temperature
(b) Paossible only at low temperature
(c) Not possible at any temperature

(d) Possible at any temperature

Ans. (d) Possible at any temperature
Explanation: AG=AH-TAS
For the given reaction.
AH = —e o8 it & exothermic. AS = + ve. then
AG = —ue

So. the reoction will be spontoneous at all
temperotures.

Second Law of Thermodynamics and
Entropy

The second low of thermodunomics stotes that
AS, iwme= &Ssgm - T _any spontaneously
occurring process will always lead to an escaloton in

the entropy (S) of the universe. In simple words. the
low exploins that an isolated system's entropy will

never decreose over ume
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In some cases where the system is in thermodynomic
equilbrium or gomg through o reversible process.

the totol entropy of o system and s surrgundimgs
remaoins constant. The second low = also lmown as
the Low of Increased Entropuy.

The eecond low clearly explains that it i@ impaossible
to convert heat energy to mechanicol energy with
100 per cent efficiency. Far example. if we look at
the piston in an engine, te gas is heated to increose
its pressure and drive a piston. However, even as the
piston moves, there is always some leftover heat in
the gaos that cannot be used for carruing out any
other worlc Heat is wosted and it hos to be discarded.
In this cose. it is done bu wansferring it to o heat
sink. or in the cose of o car engine, waste heat is
discarded by exhousting the used fuel and air mbaure

to the atmosphere Addibonallu, heaot generated from
fricion thot & generally unusoble should also be

removed from the system.

Tt states that the state of entropy of the entire
univesrse. as an isolated system. will always increase
over time’

wrhevse ‘&S-.';g;z:m " ﬂsmnmmdi@
[ﬁ/\}’ Important
- FAS, .. .,> 0 the reaction & spontaneous

- FAS _
Caradrad
- ¥ ﬂswui.um
eqelibriem.
Mathematicallu, the second low of thermodynamics
is represented os

< 0. ohe reaction & non-spontaneous

= 0 che meaclion k& reversdle or & at

AS

mﬂ}D

Where. AS . & the change i the entropy of the
UMIVesse.

Entropy s a measure of the randomness of the system
or it s the meosure of energy within an isolated
system. [t can be considered os o quontitative index
that describes the quolity of energu.

Meanwhile. there are a few foctors that cause an
encreose in entropy af the closed systenn. Fastly, in
a closed system. while the mass remoins constant
there is an exchange of heat with the surroundings.
Thi= change in the heat content creates a disturbance
i the system thereby increosing the entropy of the
system.

Secondlu. wmtemaol changes may occur in the
movements of the molecules of the system. This leads
to disturbonces which further couse irreversibility's
inside the system resulting in the imcrement of s
entropy.

@g www.studentbro.in



Get More Learning Materials Here : &

"TOPIC 3
GIBBS ENERGY CHANGE AND EQUILIBRIUM

The sign and mognitude of the free energy change of

a chemical reaction allow predicting

(1) The spontoneity of the chemical reaction

(2) The useful worle that could be extracted from free
energy-

The reversible under swtict thermodynamic sense

iz in perfect equilibrium with &ts surroundings. The
term reversible means thot the given reaction can

prooeed in either deection simultaneously due to
this o dynaomic equilibrium is set up. It indicates there

will be o decrease in free energy in both directions
of the reoctions. which appeors impossible. It &

possible anly if the system iz at equilibrium there will
be minimum free energy, if it is not followed. there

will be o spontaneous change in the system to the
canfiguration of lower free energy.

So. the condiuon for equilibrium
A+B=C+D

AG=0
Gibbs energu. for a reaction in which oll the reactants
and products are in standard stote. AG® & reloted to
the equilibrium constant for the reaction as follows:

0=AG +RTInK

or ﬁ?Gn = -RT InK

or AG" =-2303RT log K
We also know that

AG = AH"-TAS
=RTInkK

For o strongly endothenmic reacton ,i'l'alj-lIHI may bs
large and posiuve. the value of K is much smaller than

one and the reaction produce very less product

Far exothermic reaction—A .]-I'll = large and negotve
the K value for this reaction will be much larger than

one we may expect the reacuon will be near the
completion due to the large K value

The value of A H® is reloted to A S°. also the extent of
chemical reaction (K) will al=o be offected depending
on whether the &{S' is positive or negothe
Using the equation
AG®=AH®-TAS®
=-RTInK
(1) Itis possible for the estimation of A G® from the

measurement of AH” and AS®. and then K is
calculated ot any temperature to lmow the yield
of the products.
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(2) K K is meaosured in the laboratory directly. the

volue of ﬂ.rG“ at any other temperature can be
calculated

Table: Effect of temperature on the
spontaneity of reactions

e —

.ﬁ)f “ ars" ﬁan ' Description

== + | - | Reaction ig
spontaneous at all
temperatures.

B - —(otlowT) | Reaction i

‘ ‘ ' spontoneous at low
temperature

- - +(othighT) | Reaction & non-
spontanecus at high
temperature.

+ + + (atlowT)  Reaction & non-
spontanecus ot low

| temperalure.

+ + _"—{ut highT]" Reaction is
spontaneous at high
temperature.

+ - +(atalT) Reaction &= mnon-
gpontanecus ot all
temperatures.

Note: The terme low temperature aond high
temperature are relative. Far eome reactions, the high

temperature could even mean room temperature and
low temperatwre meons below the room temperature.

Third Law of Thermodynomics

The Third Low of Thermodynaomics exploin about
entropy it states that the Entropy of a pure Crystal at

Absolute Zero is Zero.

As we lnow that Entropy = the measure of the
disorder in o system. ond while a perfect Crystol &

by definition perfectly ordered so thot the Entropy of
thot Crystol is Zero.

The temperature at which all particle moton almaost
stops. The temperature is lnown os Absolute Zero.
and it's the lowest possible temperatwre [t is equal to
-273.15 degreea Celsius or 0 Kelvin

Example 3.6: Case Based:

Tke enthalpy is a state function which is the sumn of
the system’s internal energy and the product of its
pressure and volume The sign of enthalpy changes
with spontaneity. There are two types of reactions
that can occur when heat energy & involved. they are
exothermic and endothermic
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(A) The arH“ value for an exothermic reoction:
(o) positve (b) negative
(c) infinite (d) integer

(B) When the K value is lower thaon one, then the
reaction is:

(d) evaporaton (b) exothermic

(c) endothermic (d) cruystallisation.
(© The buming of sugar is an example of which

reaction and suggest its ArH" and K value ?
(D) Why endothermic reaction has o positive value

of AH"?
(E) Assertion (A Melting of esolid salts iz an
endothermic process.

Reason (R): The &'H" value for melting of
ice is positive.

(a) Both (A) and (R) are true and (R) is the
correct explanation of (A).

(b) Both (A) and (R) are true but (R) is not the
correct explonation of (A).

(c) (A)is true but (R) is false.

(d) (A) is false but (R) is true.

Ans. (A) (b) Negative
Explonation: For an exothermic reaction

the value of &an iz megobve as the
enthalpy of reoctonts &= higher than the
enthaolpy of products.
AH = Hp -H_
H_ <H_. So negative value

(B) (c) Endothermic
Explanation: The value of K is lower than
one in the case of on endothermic reaction
as the enthaolpy of products is greater than
the entholpy of reactants. So. lower the
value of K

(C) When sugor was burnt the heat energy
is released to the surroundings. So, it is
an example of exothermic reaction. The

&J—Iu i large and negaotive. the K value for
this reaction will be much larger thon one.
(D) The endothermic reoction hos o positve

vaolue of &,H' because the entholpy of the
products s higher than the enthalpy of the

reactants of the system
ﬁer = Hp -H_

As entholpy of products are greater than
the enthalpy of reactants

HP >H_
So the value of enthalpy is positve
(E) (b) Both (A) and (R) are true but (R) is not
the correct explonation of (A)
Explonation: Melting of solid salts i an

example of endothermic process is due to
the higher entholpy of products than the

enthalpy of reactants. Both statements are
correct

Example 3.7: Calculate &'Gu for conversion of

oxXygen to 0ZONE, %O — 0, at 298 K If K, for

2@ 3@
this conversion is 247 = 10~~. [NCERT]
Ang. We lonowe
A G°=-2303 RT log K, and B = B314 Ji™! mol™
Therefore.

AG® =-2303(B314 K" mol™) = 298 K)
(log 247 = 1079
= 183000 Jmol™ (1 kJ = 1000J)
= 1687 khmol™

Exoample 3.8: Fnd out the value of equilibrium

constant for the following reaction at 298 K

2NH,, + 00, = NH,CONH, . + H,0,.

The standard Gibbs energy chonge, ArGu at a glven

temperature is -13.6 kdmol™. [NCERT]
Ans. We lonows
-A G®
o8 K= oAt
_ (-136x10°Jmol™)
HDEI(EIEMJLC"nml"‘]{ZEIElK)
1k=10%)
(-1 E_E;tilﬁﬂimnmﬁ
I.Clg K= —
5705848 Jnuod
Lﬂg K=238
Hence. K= anulog 238

=24 « 10?

(O BJECTIVE Type Questions)

[T rmnark ]
1. A system absorbs 500 kJ heat and performs Ans. (b) 250 J

250 IJ waorle on the surroundings. The Explanation: According to the fust low of
increase in internal energy of the system is: thermodynamics

750 kJ 250 kJ A= v
(@) ®) = 500 + (-250)
(c) 500 kJ (d) 1000 kJ =250 kJ
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A Caution

- [T wark ks done on ne system, its eign s posizive IF
work is done by the system its sign Is negobve

2. An ideal gaos receives 10 J of heot in a
reversible isothermal expansion. Then the
work done by the gas:

(o) Would be more than 10 J
(b) 10 J

(c) Would be less than 10 J
(d) Cannot be determined

Ans. (b) 10J

Explanation: Intemal energy iz o functon of
t=mperature In an isothermaol process. the
temperature is constant. Hence. the internaol
energy &5 oconstont. and the net chonge in
internol energy is zero.

So. AU = 0 for reversible isothermal process

According to the first low of thermodynamics

AU =Q+ W
0 = Q + W
W =-Q
=-10J
@ Related Theory

= Wbrk k= done by the system so work (& negathve

3. A system absorbs 10 IJ of heat at constant

volume and its temperature rises from 270°C
to 370°C. And chonge in internal energu.

(o) 100 kJ (b) 10 kJ
() OldJ d1kJ
Ans. (b) 10 kJ
BExplanation: At constant volume w =0
AU=qg=10kJ

4. What is the entropy chaonge (in (e mol)
when 1 mole of ice is converted into water

at 0°C? (The enthalpy chonge for the
conversion of ice to liquid water is 6.0 kJ

mol™! at 0°C.

(o) 20.13 (b) 2.013
() 2.198 (d) 21.98
Ans. (d) 2198
Explanation: The entropy change:
Ag,
AS = ?W
68000 Jmol™
= AS="573¢
= AS =21978 /! mpi<

5. The entholpy oF vaporization of a substance
is 8400 J mol™ and its boiling pointis-173°C.
The entropy clronge for wvoposization is:
(@) 84 JK" mal™  (b) 21 IC" mal™
(© 49 J K" mol™  (d) 12 JK™ oo™

Ans. (@) 84 JK" moi™

cucnrene €9

Explonation: AS = E

T
_j8an
~ | 100
= B4 JIC" mal™
6. Which of the following is wrue for the
reaction?
H2Dm € H]D@ at 100°C and 1 atm pressure
(o) AS=0 (b) AH=TAS
(c) AH = AU (d AH=0

Ans. (b) AH=TAS
Explanation: At equilibrium
Therefore.
AG=0=AH-TAS
or TAS = AH

7. What is the molor entropy change for
melting of ice at 0°C, if AH, = 1.435 kecal/mol?

(o) 0.528 calfmol k (b) 5.26 cal/mol k
(c) 1052 calfmol k (d) 21.04 cal/mol k

Ans. (b) 526 cal/mol k

Explanation: AH = TAS

~. The malor entropy changes for the melung
of ice

AH 1435x10°
T 273K
=5.28 col/mol k

Assertion-Reason (A-R)

In the following question no. (B-11) a statement

of assertion followed by o statement of reason
is given. Choose the correct answer out of the

following choice.
(o) Both (A) and (R) are true and (R) is the carrect
explonation of (A).
(b) Both (A) and (R) are true but (R) is not the
carrect explanation of (A).
(c) (A)is true but (R) is false.
(d) (A) is false but (R) is true.

8. Assertion (A): Spontaneous process is an
irreversible process and may
be reversed by some external
agency.

Decrease in enthalpy is

a contributory factor for
spontaneity.

[NCERT Exemplar]

Ans. (b) Both (A) and (R) are tue but (R) is not the
correct explanation of (A)

Reason (R):

Explonotion: Spontoneous processes are
aocompanied by o decrease in energy and an
increase in randomness
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9. Assertion (A): The thermodynomic factor

which determines the

spontaneity of o process is
free energy. For o process

to be spontaneocus the free

the K value wall be much larger than one.
mndicates there will be a shift in the reaction
towards the right side that is product side. So.
the larger the K valus the more the reaction will
tend towards the nght and thus to completion

energy must be negative.

Reason (R): The chonge in free energy
is related to the change in a

process that must olways be
positve if it is spontoneous.

Ans. (c) (A)is true but (R) is false
Explanation: For a reaction to be spontaneous

TAS > AH 1%1. Assertion (A): A spontaneous process is

AG = AH w TAS irreversible ond caon only
So. AG must be negative be reversed by an external

force.

@ Related Theory

= Far exothermic r&acﬂun—aﬁ- s lorge and negative.

the IC value for this reaction will be much larger than

1 So. we may expect the reaction will be near the
campletion due to the large K value

10. Assertion (A): For an exothermic reaction
the K vaolue will be much Reason (R): A decrease in enthalpy is a
larger than one. factor thot contributes to

Reason (R): The reaction is more towards spontaneity.

the product side. Ans. (b) Both (A) and (R) are true but (R) is not the

Ans. (g) Both (A) and (R) are true and (R) is the correct explanation of (A)

correct explanation of (A) Explanation: Notural  processes  are

choracterised by o loss m energy and an
mcrease in randomnesa

Explanation: The reaction shift is determined
by the value of K In the case of exothermic

(CASE BASED Questions (CBQSD

[ 4 & 5 marks ]

absolute value of the thermodynamic entropy
of any homogeneous salid at 0 Kelvin is () @
vrviversal constant”; () that one can set to zero
without loss of generality”

Read the following paossoges and answer the
questions that follow:

12. Nernst stoted that the entropy changes for
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each chemical or physical transitton bebween
condensed phoses. at temperatures very close
to the absolute zero . is equal to zera:

lmAS =0
r-a

This statement is also referred to as the Nernst
heat theorem. The statement of Nernst waos

simplified by Plancc. He stated that not only

the entropy changes for processes but alsa the
actual entropy of each condensed substance

equals zero if the temperatwe approaches

obsolute zero. This stotement explotly
excludes mbaures The following statement
makes the e@lat exdusion of mbctures
unnecessary for each system in equilibrivm
the entropy equals zero when the temperature
approaches the absolute zero.

The current “exdended form”™ of the thod
prinaple = the one introduced by Planck

(1917) which admits in two stages that the

x>

This choice corresponds to the cancellation
of the addritive constant S, in the Planck-
Boltzmann stotistical formulo. An important
caution i that this definition only concerns
solids and is therefare not applicable to perfect
goses By a lock of luck the water which
constitutes an fmportant component of the
atmosphere possesses the singular property
of having a residual entropy stll present at 0 K
The work of Pauling (1935) completed by
Nagle (1966) was used to estimate the value
at S, = 0.82 cal /K / mole. by calculating the
impacts due to the transfer of charges via the
hydrogen bonds stll at wore at 0 K within the
molecule H,0. So, just for water. you need to
mclude that difference S, to have a reference
that is “the most stable” at zero Kelvin

(A) Is the third law is applicable to perfect
gases? What are the exceptions of the

third low of thermodynamics?
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(B) Whuy is the third low of thermodynamics
important?

(C) Whaot ore the limitations of this low ond
under which conditions the third low of

thermodynamics is not being cbeued?

Ans. (A) No. it is only opplicable to solids. The thod

law of thermodynomics stotes thot o
systems entropy opprooches o constont
volue as the temperotwe opproaches

absolute zero. Wath the exception of
non-crystaliine solids (glosses). the entropy

of a system at absclute zero is wpically
close to zero.

(B) The third low of thermodynomics has
two important conesequences: it defines
the sign of the entropy of any substonce
at temperatures above absolute zero os

positive, and it provides o fixed reference
point thot ollows us to measure the
obsolute entropy of any substance ot any

temperature.
(O Limitations:

(1) If ony disorder ke wmpunty or
imperfectbon is found in o substonce

then the entropy of such crystol =
non-zero at 0 K For exampler The

entropy of pwe carbon dioxide and
nitric oxide i not zero ot 0 K This
shows that there easts dicsorder m the

arrangement of such molecules.

(2) This low is applicable only to pwe
compounds. Thus we can oy that this
low iz not opplicable o glass which

18 o supercooled Liquid [t is also not
opplicable to omorphous substance

and supercooled solutions
(3) It iz impossible by ony procedwe. no
matter how idealised. to reduce the

temperature of any closed system to
zero temperature in o finite number of

finite operatbions

13. Melong of o2 into water happens

spontaneously as soon as ice is left at room
temperature. lce ie a =solid with an ordered
oystolline structure os compared to water.
which is o liguid n which molecules are more
disordered and randomly distributed All
natural processes tend to proceed i a direction
which leads to o state that hos more random
distribution of matter and energuy. All of these
processes take ploce spontaneously. meaning
thot once they stort. they will proceed to
the end if there is no external intervention
You will never witness the reverse of this
process, i1 which water converts back to ice
at room temperature. ln other words. it would
be tnconceivable that this process could be

ucnrene €9

reversed without tampering with the external
condrtions (you will have to put water in the
freezer to force it to form ice)

(A) This is an example of which low of
thermodynomice?

(o) Zeroth law (b) First law
(c) Second Lawr (d) Third low

(B) What determines the direction in which
a procesa will go under a given set of
conditions?

(o) Temperature (b) Pressure
(c) Entropy (d) Enthalpy

(O) Effect on entropy during this change:
(o) Increase
(b) Decrease
(c) No change
(d) Cannot be determinad
(D) Melting of ice is:
(o) Endothermic process
(b) Exothermic process
(c) Equilibrium process
(d) Adiobatic process

(E) In the melting of ice, which one of the
conditions will be more favourable?

(a) High temperature and high pressure
(b) Low temperature and low pressure

(c) Low temperature and high pressure
(d) High temperature ond low pressure

Ans. (A) (c) Second law

Explanation: A oystolline solid @ composed
of an ordered array of molecules, ions.
or atoms that occupy foed positions in a

lattice, whereaa the molecules in o liquid are
free to move and tumble within the volume

of the bquid: molecules in o gas have even
more freedom to move thon those in a

bquid. Each degree of motion increases the
number of avalable microstates resultng
in a higher entropu. Thus. the entropy of a

system must increase during melting.

B) (c) Entropy

Explonation: The second low of
thermodynomics states thaot the totaol
entropy of o chemical system and that
of s surroundings always increases
if the chemical or physical chonge s
spontanepus. The preferred directon in
nature i@ toward moumum entropuy.

(O (ag) Increase

Explanation: When ice mells. it means
eolid is converting into Lquid so the entropy

of the system increases and the process
becomes spontaoneous.
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(D) (a) Endathermic process

Explonotion: Water m o higher energy
state. as the lquid can rotote ond vibrate
while =olid ice can only wvibrate. This
means for ice to turn into a higher energy
state(water) it hos to absorb energu. hence
it 18 an endothermic prooess with respect
to the suystem (surrounding temperature
decreaees).

(B) (o) High temperature and high pressure

Bplanation: Since the change of ice into
woter is an endothermic process. hence
with rising of temperature ice melts nto
water. Since the volume of ice is more than
that of water so an increose of pressure

favour meltng.

(VERY SHORT ANSWER Type Questions (VSA))

[ 1 mark ]

14£. The expansion of o gas in o vacuum is colled

free expansion. Calculote the wari done and
the change in internal energy when 1 litre
of an Ideol gos expands isothermally into a

vacuum until its total volume is 5 litres.

[NCERT Bcemplar]
Ans. \Work done by the intennal energy is
(_M = pm(""] = Ulj
—— ﬂ x {5 —r 1) = D

For isothermal expansiong =0
By the first law of thermodynamics

g =AU + (~w)
= U:ﬂU+D
SoAU=0

15. A system gives out 20 J of heot ond also
does 40 J of woric What is the internaol

energy change?

Ans. [ntemal energy change can be colculated by
the fust low of thermodynamics

AU=g + w
=-20J + (—40) J
=-601

16. Given that AH = 0 for mbdng of two gases.
Explain whether the diffusion of these goses
mto each other in o closed container is a
spontaneous process or not

Ans. [t & o spontaneous process. Although the
chonge in enthalpy is zero. the change in
randomness or disorder (Le. AS) increases. As a
result. in the equation AG = AH - TAS, the term
T AS will be negative. As a result AG will be
negatve

(SHORT ANSWER Type-l Questions (SA-1))

[ 2 marks ]

17. Answer the following question in one

gontence.

(A) Whot are the conditions for the
spontanecus reoction wnder any
temperature?

(B) Consldering system(s) thermoduynomic
parameters the
spontanetty of any process is:

Ans. (A) AG®= (e AH=(heand AS®= (+)ve
(B) The aiteria for the spontaneity of any

Process is &S%me + &Sﬂmnmmgn > 0.

8. An ideal gos is ollowed to expand agoinst
a constant pressure of 2 bor from 10 L to
50 L in one step. Calculate the amount of
wark done by the gas. If the some expansion

were carried out reversibly, will the waork

criterioc for the

done be higher or lower thon in the earlier
case? (Given that 1 L bar = 100 J)

[NCERT Exemplar]
Ans. Work done
Here
w=-p_ (V—-V)
-4
= -80 Lbar
=—HBldJ

The negotive sign shows that work is done by
the system on the surrounding. Worl done will
be more in the reversible expansion because
internal pressure ond externol pressure are
almost the same at every step.

19. The entropy chonge in the conversion of
water = igs ot 273 K for the system is
-21 85 B~ mol™~ and thot of surrounding is
$21.893 [ meai~. S==en whether the process
s BpONtONEDUE Or not
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Ans. AS .= &Sﬁpm +AS_
=—21B5JC mal™ + (+21.93JC mo™)
= 0.0BJK™ mal™
ASq cons > 0 0t 273 K for freezing of ice
Sa the process s spontaneous at 273 IK
20. Calculate the temperature at which Gibb's
energy chonge (AG) is equal ta zera

(Given AH = -854 kJ, AS = -198.3 kI™)

Ans. The temperature at which the Gibb's energy
chonge is equal to zero is
AG=AH-TAS
AG=0
AH-TAS=0
AH =T AS

aH (-954x10004)

AS  (-19835C7) SESEE

=

21. During 200J work done on the system, 140J
of heat is given out. Calculate the change in
internal energy.

Ans. The change in internol can be calculated by
the frst low of thermodynomics
w=2001J
g=-1401
AU =g + w
AU =-140 + 200
=60 J

@ Related Theory

= Work s done on the system. so work = positive

22. Calculate the entropy change in the system

and ite surroundings, as well as the overall
entropy change in the universe, during a

process in which 245 J of heat flow from the
system at 77°C o the surroundings at 33°C.

Given:
T =77°C=({7 +273)= 350K

syz

Tm= 33°C=(33 + 273) = 310K
g=2451
q
Ans. AS =T_=E=—U_?_E{—l
= lgs 350
AS =-9__29% _ 4B

T 310
AS,,, =AS__+AS__

Lo

AS . =07 B ; 08B 8™
v

:
AS . =-01 m

23. 0One mole of sodium chloride requires
304 kJ wo melt. The chonge in entropy
during melting is 28.4 JK™* mol™’. Determine

sodium chloride's melting point
AH_
T

r

Melting point of NaCL

Ans. ﬁSE, =

T, = —ae

304 lkdmol™
284 Jx°

304 %1000 mol—
28B4 JKmpl™

Metting pomnt of NaCQl T.= 10704 K

@HORT ANSWER Type-ll Questions (SA-IID

[ 3 marks ]

24, (A) Dissolution of ammonium chloride in
water is endothermic but still, it dissolves
in water readily. Why?

(B) What is AG for melting of ice at 20°C7
(Agieq H = 6-01 kd/mol and

Agpion S = 220 J/mol k)
Ans. (A) The regson for this iz thot the entropy
change. in this case & positive. ie. AS is +ve.

NH QO —NHS o+ O
The ions that were held together in a
cystalline solid are free and moving in

all possible directions. s entropy has
increosed and this maokes TAS > AH. ie.
AG = —ve

Get More Learning Materials Here : &
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(B) The process & changing of phase from solid
o liquid.

Hjom 3 Hlom
The Gibbs energy equation.
AG = AH -TAS
T=20+ 273K
=283 K
Now substiiiing the values we get
AG=AH -TAS
= 6.01 kfmol - (293 k) (2220 Jfmol k)
= 6.01 klymol - 645 Jfmol k
=—0.44 kJfmol
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25. Predict whether the following reaction is still
spontaneous at 500°C

Nyg + Iy = 2NHg

H =92.22 kJ mol™ and AS = -188.75 B mol™
Ans. To deade whether the reaction is stll a
spontanecus we howe tw colculate the
temperature of the Kelvin scale:
T=500°C+273=773K
Then multply the entropy term by this
temperature ond subtract this quantity from
the enthaolpy ternt
AG® = AH° - TAS®
=92220J1-(773 K=-188.75 J/X)
=92.220 J - (-153.600 J)
= 61.3B0J
AG®° =614
Thus. the reoction iz not spontoneous at
773 K because the entropy term becomes

lorger as the temperature increases and

the reaction changes from the one which =
fovourable ar low temperotures to one that i=

unfavourable at high temperatures.

Assume that

26. Answer the following:

(A) The standaord molar entropy of H,0 is
70 JK™* mol™. Will the standard molar

Enr.rnp!g ef H D be more, or less than
70 I mat? @

(B) Which quantity out of A G and A G° will
be zero at equilibrium?

(C) At 288 K I(E for the reaction
Nlod@ — 2[*~lli.‘llm:|I is 0.98. Predict whether

the reaction is spontaneous or not

Ans. (A) The solid form of waoter is ice. in which
the positon of molecules = quie foed
os compared to bLqud therefore. the
disorderness or randomness in  solid

molecules iz less than in the Lguid form

where the molecular onientobon is more
random.

Hence. entropy of HQD{«'-} <entropy of H 0

if the standard molar entropy of H 0 rs
70 JK™* mol™ then standard molar Entmpg
af Hzom will be less thon 70 JIC" mol™.

(B) At equilbrium AGis O
And ArG" = -RT Ini_
O AG*=-RT ln;ﬁ(p =-RT In (09B)
Since In (0 89B) iz negotive
AG® ig positive
— the reaction is non- EpoONONEDUS
27. Give regsons:

(A) Evaporation of water is an endothermmic
process but it is spontaneous.

ucnrene €9

(B) A real crystal has more entropy than an
ideal crystal

(C) Entropy of the universe is increasing.

[Delhi Gov. QB 2022]
Ans. (A) It iz because dunng this process entropy
ncreoses os water vopour hos more
entropy than liquid woter. AG become -ve
becouse TAS > AH
(B) A real aystal has some disorders due to
the presence of defects whereas an ideal
oystol does not have any defect. thus it
lhos no disorder. Hence, o real cystal haos
more entrapy than an ideal erystal
(O Energy olwoys flows downhill and this
couses an increase of entropy. Entropy is
the spreading out of energy. and energy
tends to spread out as much as possible

Z8. Determine the temperature at which G
equals zero. Predict the reaction's direction

(A) at this temperature ond (B) below this
temperature os well.

AH = 30.58 kJmol™ = 30580 nol™
AS = 6.86 x 10K  mol™
Ans. Giverr AG = AH - TAS

0=AH -TAS
AH
T="RA%
3056 leffmal™
= =3 1 =1
B.6Bul0™ klC " mnaol
= 45B9 K
(A) At 4589 K AG = 0. the reacton is in
equiibium.

(B) At temperature below 4589 K

AH > TAS AG=AH -TAS > 0.
The reaction = not spontoneous in the forward
direction. In other words. the response taokes
place in the opposite directon

£9. Determine the Equil.ibrium constant for the
mucmeM-l ﬂNl-IICBN.H

+H.10
at 298K, the mﬂﬁj change,
G, is 13.8 kJ maol™.
Ans. Givernc
T=298 K
AG° =-13.8 kJ mal™

AG® = -2303 RT Iog Ky,
o -
9K = F303 /T

) L]
L [2309=H314 210~ = 298]
%: EIHT.il.Dg (238)
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(LONG ANSWER Type Questions (LAD

[ 4 & 5 marks ]
30. AG Is net energy available to do useful work (C) What will be the value of AU, AH and AS
and is thus o meaosure of free energy. Show for the overall process?

mathematically that AG is @ measure of

free energy. Find the unit of AG. If a reaction Ans. (A)
has positive entholpy chonge and positive
entropy change, under whot condition will Yo
be reaction be spontanecus? | AB —sobas S
Ans. For the reaction to be spontaneous : Y (w=—s)
., " . BC - lzocihoric change
AS o =4S, = AS LT [ .Y c w=0)
—_:'LH_F : + CA-lonthammal
AS = AS = ' - COMPEESEHIN
booal == ) E : (w=+vwe)
- s Ei :
TAS _ =TAS - AH = 2 -
For a spontaneous change. AS__,>0 oL oL
TAS = ﬁ]—l_?; >0 —(M—Im -T_&S%Q >0 (B) Now total worl
But M@_Tﬁsq;;.-:aﬁ@ W = Wyg + W + Wiy
-AG 0 V.
mz =-p(V;-V,) + 0 + 2303 nRT log 2
fng:.m B ﬂHyy'_': = Tﬁs.'.-‘:_.d <0 1
ﬂHy,__ = Enthaolpy change of a reacton 5
TAS, ;= Enthalpy which i not available to do =-1=(40-20) + 0 + 2303p,V, log v
useful worlc :
z}.Gmﬁ = Energy ovailable for doing useful warlc =20+ 230351520 16§ 40
Unit of AG is Joule 20
The reaction will be spontaneous at high =-6.13 litre aum
tenperature. B.13xB8314 3
J5%. Two mnoles of a perfect gas undergo the 0.0821
following process. =-62077J
A reversible isothermol compression from =w =q=-620.77 ]
(0.5 atm, 40 1) to (1.0 atm, 20 L) (O The overall process ie cydic one ie. nitial

(A) Sketch with lobels each of the processes

tate i ined. th
on the some p-V diagram state is regained. thus.

(B) Calculate the toral work (w) and the AU=0
wtal heot chonge (g) involved in the AH =0
above process. AS=0

R 4
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