LESSON - 5

FSATIAH

THERMODYNAMICS

KEY POINTS-

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

Some Important Terms Related to Thermodynamics

(i)

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

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

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

Types of Systems
(i)

(ii)

(iii)

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

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

(i) Isolated system : In isolated system neither
energy nor matter is exchanged between sys-

tem and surrounding.

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

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

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

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

Thermodynamic Process : It is the operation which
brings change in the state of the system. The
different types of thermodynamic processes are :-
(i) Isothermal process : In which temperature
remains constant. (AT = 0)

Isochoric process : In which volume remains

constant. (A V = 0)

Isobaric process :
constant. (AP = 0)

In which pressure remains
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(iv)

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

(@ =0).

(v) Cyclic process : It is a process in which
system returns to its original state after
undergoing a series of change, i.e., AU cyclic
= 0; AH cyclic =0

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

(vii) Irreversible process : The processes other
than reversible processes are known as
irreversible processes. All natural processes
are Irreversible.

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

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

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

Mathematically, AU = q + w
Sign convention

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

g is - ve , when heat is transferred from
system to the surroundings.

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

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

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

(i)

(i)
(iii)

For isothermal irreversible change

-W = Pexi( Vi - Vi)

isothermal reversible change

-w = 2.303 nRT log Vi / Vi

AU = Wyq

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

(ii)

(iii)
(iv)

adiabatic change, q =0,
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Heat Capacity

0]

(i)

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

Molar Heat Capacity(Cm) : The quantity of
heat required to raise the temperature of one
mol of a substance by one degree celsius (
or one kelvin) is called molar heat capacity.

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

Heat (q) = m x ¢ x AT

where, m = mass of substance

¢ = specific heat or heat capacity
AT = change in temperature

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

Co-Cv=R
Enthalpy (H) : It is defined as sum of inter-

nal energy and pressure-volume work. It is a
state function and extensive property.

Mathematically, H = U + PV

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

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

AH = AU + An(g) RT

Here, Ang) =
moles.

(where R is universal gas constant)

change in the number of gas

Enthalpy or Heat of Reaction (ArH)

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

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

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

Chemical composition of reactants and
products.

Amount of reactants.

(v)  Temperature.

Various Forms of Enthalpy of Reaction

(M

(i)

(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

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

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

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

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

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

Standard enthalpy of sublimation(AsubHo)

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

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

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

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

Enthalpy of solution(Aso|H°) Enthalpy of
solution of a substance is the enthalpy change
when one mole of it dissolves in a specified
amount of solvent.

Enthalpy of Neutralisation (AnH% : It is the
enthalpy change that takes place when 1
g-equivalent of an acid (or base) is neutralised
by 1 g-equivalent of a base (or acid) in dilute
solution. Enthalpy of neutralisation of strong
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acid and strong base is always constant, i.e.,
57.1 kJ.

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

According to Hess’s law

AH = AH¢ + AH2 + AH3

Applications of Hess’s law are

(a)
(b)
(c)
(d) To calculate bond energies.

Bond Enthalpy(AbondHo) : It is the average

amount of energy required to break one mole
of bonds in gaseous molecules.

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

In determination of heat of formation.
In determination of heat of transition.
In determination of heat of hydration.

In diatomic molecule, bond dissociation

enthalpy = Bond enthalpy

In polyatomic molecule,
enthalpy # Bond Enthalpy

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

bond dissociation

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

The change in entropy during a process is
mathematically given as

ArS°® = xS8° (products) -
I T=AH/T

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

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

£S° (reactants) = Qrev

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

H-TS

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

Mathematically, G =

{53}
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-

AG = AH - TAS
The Gibbs
If AG > 0,
If AG < 0,
If AG = 0, process is in equilibrium state

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

energy criterion of spontaneity
process is non-spontaneous
process is spontaneous

Relation between Gibb’'s Free Energy and
Equilibrium constant

AG = - 2.303 RT log K¢
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FHAT 9w : FTH agaE R | gl
(AT = 0)
FHA-MITA I H : ST 3maa«T 2R |ar
gl (Av = 0).

FAG UHHA : oraH g 2R W@ar g1 (AP
= 0).
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(if)
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(iii)
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fomar e 8, 39 Riest #Fd Foll Fgerar gl
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s e 3ot 3k AT Ruwis & oy :
AG = - 2.303 RT log Kc
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MULTIPLE CHOICE QUESTIONS 6
7 Rwed e '
The enthalpies of all elements in their
standard states are :
(a) unity
(b) zero
(d) different for each element
;raﬁ dcal Y vededt 3AH Heel - ravar F g
(a) 1S
(b) ==
() <0 8.
(d) &8 Tcat & T feet gl &
For the process to occur under isothermal
condition , the correct condition is :
(@ a=0 by Ag=0
() AT=0 (d T=0
TH YHA F A aRFyfaat & @9 ¥ v,
e Rufa a8 &
@ q=0 (b) Agq=0
© AT=0 d T=0 9.
For the reaction , 2Cl (g)—Cl2 (g); the signs
of AH and AS are respectively ?
(@) +ve & -ve (b) -ve & -ve
(c) +ve & +ve (d) -ve & +ve
sfAfFaT 2CI (g) — Clx(g); & w, AH 3k
AS & Reg FAA: ¢
(a) +ve & -ve (b) -ve & -ve
(c) +ve & +ve (d) -ve & +ve
The criteria for spontaneity of a reaction at
constant pressure and temperature is :
(@ AH>0 (b) AS<0
(c) AG<O0 dAG=>0
R qam 3k amam | AR # @
gafddr &1 AWES §:
@ AH>0 (b) AS<0
(c0 AG<0 d AG>0
10.

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

(b) gibbs energy
(c) thermal energy
(d) internal energy

o H = U + PVA, U gaffar ¥ :

(a) TAHfAF ol (b) frest Fam
(c) ¥HT FaAT (d) HaRe Far
Intensive properties is :

(a) Enthalpy (b) Temperature
(c) Volume (d) Entropy
g IOT 7

(a) Tedr (b) dM9HATT

(c) 3mIdsT (d) Teerdy
System + surrounding = ?

(a) energy (b) space

(c) world (d) universe
e + qR@wr = 2

(@) Far (b) 3idRkaT

(c) faea (d) sEAE

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

(a) four types (b) three types
(c) two types (d) one types
e & 3T 3R awT gt 3k Fet F wEor
¥ IER, e  Feffea R 8
(@) IN 9pX (b) o7 9hR

(c) a YR (d) TH YHR

In open system ,there is:

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

exchange of matter only between
system and surrounding

neither energy nor matter is exchanged
between system and surrounding.

ga s #, g &

(a) oo 3R aRaer & &g Far 3R geg
aIAT &1 3TTeTA-ger

T 3R gREer & ST Had Far &
ATeTeT-YcTeT

e 3R gRaer & $g Had geT Fr
ATeTeT-YcTeT

T 3R gR@er & T F ar Fer iR T
& geTd FT IS e g &l

In closed system , there is :

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

exchange of energy only between
system and surrounding

exchange of matter only between

(b)
(c)
(d)

(b)
(c)
(d)

(b)
(c)
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11.

12.

13.
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system and surrounding 14.

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

i s #, gar &

(a) oo 3R gRaer & & Far 3R g
G I A R A T

(b) faerr 3R gRkaer & T hae Folr &
JTCTeT-SaT

(c) fawra 3R aRayr & 9T Faa g Fr
3ATcTeT-YcTeT

(d) AT 3R i@ & a7 ar Far ik

& gerd &7 IS -UekeT g gl 15.

In isolated system, there is:

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

(b) exchange of energy only between

system and surrounding

exchange of matter only between

system and surrounding

neither energy nor matter is exchanged
between system and surrounding.

fefa e #, gar ¢ -

(c)
(d)

(a) o 3R gRaer & & Far 3R g 1§

ST T 3TETeT-SeTe

(b) A 3Rk aRay & T Faa Far &1
TETA-YeTe

(c) fawra 3R aRayr & 9T Faa geg Fr
TETA-YeTe

(d) P 3R aR@r & g ar Far ik
& uerd & 3Nl Sl g gl

The variable whose values depend only on
the state of the system and not on how it is
reached is known as :

(a) adiabatic function (b)
(c) both a and b (d) none of these

g W e A Faa AHwE Hr e |
R &t 8, 7 & 39 % §aa & T
s YT &, 39 59 T A ST S &

(a) TEEH Welel (b) 3TEEAT FoleT

(c) a 3R b gar (d) 3787 & FS AET
Which of the following is not a state variable
or state function
(a) work

(c) temperature
fmafaf@a & & Fla @1 & IEwwr W oA
HATYT FeleT AGE &
(a) X

(c) am

(b) volume

(b) 3TIET
(d) @rs

state function 17.

(d) pressure 18.

AU = q + w is mathematical statement of:
a) third law of thermodynamics

) second law of thermodynamics

first law of thermodynamics

zeroth law of thermodynamics

= q + w RFfaf@a &1 7T Fua &
FEATIAST T JdRRT FTe

(d) FeATETTaer &1 geaar HIH
For isothermal reversible change
(@ g = pex ( Vi-Vi)

(b) =0

(c) q = 2.303 nRT log ¥

(d) none of these G
FAAIT HcHAAT THA & faT
(@ q = pext ( Vi - Vi)

(b) g=0

() g = 2.303 nRT log g

(d) none of these

For isothermal irreversible change
(@) a4 = pext (Vi - V)

(b) =0

(¢) q = 2.303 nRT log g
(d) none of these

FAGYT 3chA«IT UhA & T
(@) q = pext (Vs - Vi)

(b) g=0

(¢) q = 2.303 nRT log %f
(d) so%r & FS adrl
For adiabatic change

(@ g = pext (Vs - Vi)

(b) a=0

(¢) q = 2.303 nRT log %{
(d) none of these

TeursH WA F fav

(@ g = pext (Vs - Vi)

(b) a=0

(¢) q = 2.303 nRT log ¥
(d) st & FE &

For exothermic and endothermic reaction A
H is respectively :

(@) -ve and +ve

(b) -ve and -ve

(c) +ve and +ve

(d) +ve and -ve

FWEIRA. — e IF-Tg-37 [ fngesd RAaRor ¥ (2024)
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19.

20.

21,

22,

FeATETdNY qur FeATMN FfAfFar F AT A H
FHAA: BNM-

(a) -ve and +ve

(b) -ve and -ve

(c) +ve and +ve

(d) +ve and -ve

The heat absorbed or released by the

system at constant pressure is expressed
as:

(@ AU (b) AH

) AS d AG

R g9 W A ganr el @ scafsia
S BFW FSAEAE 6T F gaN ogeFd
T Sirar &

(@ AU (b) AH

(c) As d AG

The heat absorbed or released by the
system at constant volume is expressed as :
(@ AU (b) AH

) AS d AG

R st W e gan seenfia ar scafsia
IR fFE SSATIAE $ad ¥ AT oged
T Sar #

(@ AU (b) AH

(c) AS d AG

A property whose value depends on the

quantity or size of matter present in the
system is known as :

(a) internal properties

(b) external properties

(c) extensive properties

(d) intensive properties

ag quifaaeT A fasr # sufdya gea & aAmr
T WS W AT Far &, Fgann

(a) 3-11FlﬁT=FUIUT (b) smEIIOT

(c) facirofaor (d) gl [T

A property which do not depend on the

quantity or size of matter present in the
system is known as :

(a) internal properties

(b) external properties

(c) extensive properties

(d) intensive properties

ag quIfaaeT A fasr # sufdyd gea & aAmr
I e W I 1) F3ar &, Feaar ¥

(a) 3R IoT (b) sTEZ IMOT

(c) facirofaor (d) gl [T

HET-11 AT fFa1m)

23.

24,

25.

26.

27.

Which of the following is not an intensive
properties :

(a) temperature (b) pressure

(c) volume (d) density
farafaf@a & & #la a1 e o7 7 B
(a) a9 (b) er&

(c) 3T (d) TeIca

Which of the following is not an extensive
properties :

(a) temperature (b) heat capacity
(c) enthalpy (d) internal energy
famafaf@a & @ i a1 et qor 7381 &
(@) am (b) FsATETRAT

(c) wded (d) 3RS Folr

Predict in which of the following, entropy
decreases :

(a) Temperature of a crystalline solid is
raised from OK to 90K

(b) A liquid crystallizes into a solid
(c) Oz (g9) — 20 (9)
(d) CaCOs3 (s) — CaO (s) + CO2 (g).

;amﬁ?ﬁmﬁﬁaﬁ#ﬁmﬁuﬁ;ﬁruﬁh

(é) U foRecall 31 &I aT 0K & 90K d&
ST ST §

(b) ?aaa:rmmmﬁtrﬁaéﬂam
(c) Oz (9) — 20 (9)

(d) CaCOs3 (s) — CaO (s) + CO2 (g).

There are some ice cubes in a well-closed
thermos flask. This is an example of

(a) closed system

(b) open system
(c) isolated system
(d) non thermodynamics system

wﬁm#ﬁmmﬁmaﬂﬁ;
g3 ¥ I8 FHH TF 3T ¢

9

(a) ¥g fAsrx

(b) Ger IGEAEE

(c) faafa Her

(d) IFsATIAS AT

For the reaction C(s) + Oz (g) — CO2 (g)

(a) AH >AU (b) AH < AU

(c) AH = AU (d) none of these
gfafsar C(s) + Oz (g) — CO2 (g) ¥ AT
(a) AH > AU (b) AH < AU

(c) AH = AU SH W HIS o8l

FHMEIRA. — wear I-Tg-37 [as frees Ravor g (2024)




28.

29.

30.

31.

32.

33.

HET-11 AT fFa1m)

For dissolution of glucose in water:

(@) AH >0 (b) AH <O

(c) aH =0 (d) none of these
ol ¥ T F A W

(@) AH >0 (b) AH <O

(c) AH =10 (d) 3o @ FIg AET
For the reaction C(s) + Oz (g) — CO2 (g)
(@) AH >0 (b) AH <O

(c) aH =0 (d) none of these
ufafar C(s) + 02 (g) —~ CO2 (g) ¥ faw
(@) AH >0 (b) AH <O

(c) AH =10 (d) T | FIg LT

For an ideal gas, Cy and C, are related as
follows:

(@ Cv-Cp=R (b) Cv+Cp =R
() Co-Cyv=RT (d Cp-Cvy=R

wH aed A F faw, Cv AR Cr 3@ wER
geafaa &

(@ Cv-Cp=R (b) Cv+Cp =R
() Co-Cyv=RT (d Cp-Cvy=R

The least random state of the water system
is:

(a) ice

(b) liquid water

(c) steam

(d) randomness is uniform

oo e 1 e FA4 aeRes Rufa &

(a) %

(b) TRl Tr=ir

(c) &9

(d) TEEHar AW ¢

The total entropy change for the system and

surroundings of a spontaneous process is
given by

(@) AS system + AS surroundings > 0
(b) AS system + AS surroundings < 0
(c) AS system + AS surroundings = 0

(d) none of these

frdt Faa: yafda vwa & v Asm st aRaer
F1 Fo Teerdt aRada g

(@) AS system + AS surroundings > 0
(b) AS system + AS surroundings < 0
(c) AS system + AS surroundings = 0

(d) T8 & IS QT

The enthalpy change in a reaction does not
depend on

(a) state of reactions and products

34.

35.

36.

37.

(b) nature of reactants and products

(c) various intermediate steps in the
reaction

(d) initial and final enthalpies of reaction

?‘&ﬁmﬁwﬁ?ﬁm%ﬂﬁm

(a) wfaferarsit 3R 3cdmer &r saear

(b) 3fARREHT 3N 3curel HT gepfa

(c) ufafsrar & Affea FLTadt Tror

(d) wfafsrar & aRfEw 3R 3ifaw wededr

If liquids A and B form an ideal solution
(a) entropy of mixture is zero

(b) The free energy of the mixture is zero

(c) The free energy as well as the entropy
of the mixture is zero.

(d) Enthalpy of mixture is zero

;ﬁ ate 951 A 3R B s 31Ee A S

(a) FAsOT A T T &

(b) TRSOT &Y FFT FolT T §

(c) HFA Foll & WY-AY AHOT dr Teerdy
YT &

(d) fAsor dr et = §

When water is added to quicklime, then

reaction occurs will be :

(a) explosive (b) endothermic

(c) exothermic (d) photochemical

Jq e qgt 9 & el fRemr aer g o

wfafar @t &

(a) faEwics (b) FwATEIY

(c) FsaATardr (d) wIcIhiHASR

The thermochemical reaction, NH4OH + HCI

— NH4Cl + H.O ApH = -51.5 KJ, is an

example of :

(a) enthalpy of atomisation

(b) enthalpy of neutralization

(c) enthalpy of combustion

(d) none of these

FSAT (WEfAs @A NHOH + HCl —

NH4Cl + H20; AqH = -51.5 KJ, T&F 3&&0T &

(a) HUTA TdedreT

(b) erdteieor Tededr

(c) GEsT TedeHdr &r

(d) 378 & FIS QT

If AG < 0, then

(a) the process is spontaneous

(b) the process is in equilibrium

FWEIRA. — e IF-Tg-37 [ fngesd RAaRor ¥ (2024)
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38.

39.

40.

41.

HET-11 AT fFa1m)

(c) The process is non- spontaneous
(d) none of these

gy AG <0 grat

(a) A TIA: Yafdd grem

(b) UshHA HIFITGEAT H M

(c) Yshd TaAA: gl gafdd g

(d) 319 & FIS AGT

If AG = 0, then

(a) the process is spontaneous

(b) the process is in equilibrium

(c) The process is non-spontaneous
(d) none of these

IR AG=0g ar

(a) 9shHA TIA: yafdd gram

(b) UshH HIFATTEAT A BT

(c) Yshd TaAA: gl gafdd g

(d) 319 & FIS AGT

If AG > 0, then

(a) the process is spontaneous

(b) the process is in equilibrium

(c) The process is non- spontaneous
(d) none of these

IRy AG > 0grar

(a) 9shdA TIA: yafdd gram

(b) Ushd TEIEEAT H I

(c) Yshd TaAA: =gl gafdd gem

(d) ST & FIS FAGT

Flying bird is an example of

(a) closed system

(b) open system

(c) isolated system

(d) microscopic system

33 are gaft RFaeT 3T 7

(a) sg e (b) et fo¥ehrg
(c) gus Hard (d) g&#A S
Evaporation of water is

(a) an exothermic change

(b) An endothermic change

(c) adiabatic process

(d) None of these

qrelt 7 arsdieor §

(a) FeATEdr IRader

(b) AT IRGTT

(C) TEISH Usha

(d) 3AF & IS gT

42,

43.

44,

45,

In which of the following neutralization
reaction, the heat of neutralization will be
highest?

(@) NH4OH and HCI

(b) CH3COOH and KOH

(c) HCIl and KOH

(d) NH4OH and CH3COOH

farafaf@a & & e seriiliaor sfdfear &
SeriRIoT Y FeAT Fad HAF el

(@) NH4OH and H2SOg4

(b) CH3COOH and KOH

(c) HCI and KOH

(d) NH4OH and CH3COOH

Hess’s law deals with :

(a) change in heat of reaction

(b) rate of reaction

(c) Equilibrium constant

(d) All of these

g &1 g Afaf@a @ sesfta &

(a) 3fAfRar & Fvar & gRada

(b) 3JrfAfRAT T T

(c) wFaTgEdT Eish

(d) oo & qair

Which law of thermodynamics introduces the
concept of entropy

(a) third law of thermodynamics

(b) second law of thermodynamics

(c) first law of thermodynamics

(d) zeroth law of thermodynamics

FEHARTIAH HT Sl AT A7 Tegrdt Fr srgemron
&1 IR=T &ar 87

(@) FATIIHT FHT I FIdT

(b) FeATaTicRr #T gET faH

(c) FSAMIAHT F Ugall AT

(d) FeArETfde &1 egal f@gA

During isothermal expansion of an ideal gas
its

(a)
(b)
c)

enthalpy remains constant

Enthalpy decreases

(c) Internal energy increases

(d) Internal energy decreases

& e AT & FAANT qWor F SR sHH-
(a) Tdedr fRuT e

(b) Tdedy A g ST &

(c) 3dRe Fail §¢ T &

(d) 3MaRe FAT Fa g ST &

FHMEIRA. — wear I-Tg-37 [as frees Ravor g (2024)
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46.

47.

48.

49.

50.

51.

HET-11 AT fFa1m)

A gas expands isothermally and reversibly.
The work done by the gas is

(a) zero (b) Maximum

(¢) Minimum (d) none of these
s A9 FAAT 3R IoEAvimET & gEvr
X ¥l A g@rT A w1 §-

(@) I (b) 3T&FaH

(c) gsTdH (d) A7 & HIS QT

For a gaseous reaction N2Os — 2NO:

(@) aH >AU (b) AH < AU
(c) aH = AU (d) none of these
I AfAfFAT N2Os — 2NO,; & faw
(@) AH > AU (b) AH < AU
(c) AH =AU (d) 3 & FIg AT

The enthalpy of combustion of a substance
(a) is always positive

(b) is always negative
(

c) zero
(d) none of these
Y gerd & g A veded-

(a) BHUT &ellcHS BIcT &

(b) &HAT HUMcHS Il &

(©) YT BT &

(d) I & IS @T

Which of the following has highest entropy ?
(a) water (b) graphite

(c) mercury (d) hydrogen
fArafaf@a & & Faer e e IRF gar

g2

(a) et (b) IHTIST

(c) wwT (d) @TsgrerT

Which of the following is an intensive
property ?

(a) volume (b) mass

(c) density (d) energy
farafaf@a & @ Fle @1 v TR T B2

(a) 3T (b) GeIHATT

(c) T (d) o

As the temperature of any pure crystalline
substance increases towards absolute zero,
the entropy also increases towards zero. It
is known as :

(a) third law of thermodynamics

(b) second law of thermodynamics

(c) first law of thermodynamics

(d) zeroth law of thermodynamics

fFdft ey freefad v &1 ar AT w
e # AR Fear § AR-AY weerd o o A
AR T ¥ 5 FEd &

(@) FSATIIH FT I FIgdT

(b) AT #T gET foaH

(c) FSAMIAHT H Ugall AT

(d) FeArETfde &1 egal fAgA

ANSWER OF MCQ QUESTIONS

Wgﬁﬁ
1 b 2 ¢ 3 b
4 c 5 d 6 b
7 d 8 b 9 a
10 b 11 d 12 b
13 a 14 ¢ 15 ¢
16 a 17 b 18 a
19 b 20 a 21 ¢
22 d 23 ¢ 24 a
25 b 26 c 27 c
28 a 29 b 30 a
31 a 32 a 33 c
34 d 35 ¢ 36 b
37 a 38 b 39 ¢
40 b 41 b 42 ¢
43 a 44 b 45 a
46 b 47 a 48 b
49 d 50 ¢ 51 a

VERY SHORT ANSWER TYPE QUESTIONS:

Ffa &g T e

Ans:

Ans:

Define enthalpy.

It is defined as sum of internal energy and
pressure-volume work.

el & gRenfa #X

3 3aR® Faor 3R gE-3Aadd FF & AT &

& # aReia fRar ar gl

What do you mean by Gibb’s free energy?

A function which is used to measure
the maximum amount of work done in
a thermodynamic system at a constant
temperature and pressure is called Gibbs free
energy.

st Fa 9T & 3T FAT FHAS § ?

: Ueh holdd ToTgeRT 3T ISARTOH Thd H E2R

a9 3R g« W T v 7 fT 3i¥eaw AT

FWEIRA. — e IF-Tg-37 [ fngesd RAaRor ¥ (2024)
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& AT & AT foham ST §, 38 Feet Had o
HECT Bl

3. Explain specific heat capacity.

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

Rfarse FeaATRar #1 gasmsd|

3cck: TRl 9er & U SHE goIA & dT9HA
T 33t afeqad (I1 v Ffead) Fe & fov
ﬁlqvq%qo SSHAT &I AT FT [afse FsArarRdr wgr
ST gl

4, State Hess’s law .

Ans. This law states that the change in enthalpy for
a reaction is the same whether the reaction
takes place in one step or in a series of
steps.

9 &1 s qae

3cdt: ¥ fud & eERr, fedr a@fRar & fow
Tdedt # aRads A= Ear §, g fafear

3ccl: 30 A & IER, ‘T faafa @@ & o
RS 21t 21

9. State standard enthalpy of combustion.

Ans. The change in enthalpy during combustion of
one mole of a substance in its standard state
is known as standard enthalpy of combustion.
gl T AE Tededt FT FuT 1 @

Scol: el UeTd & U Al I 3R ATl AT A
&6l & NIl Tededl 7 gl arelaRddel &l Hieleh
gl Teded Fed &

10. What is entropy ?

Ans. Entropy is defined as a measure of random-
ness or disorder of a system.

10. uweendl F4T 87

3o Ueehd & farel RAeeH 1 3rcgaedr & A9 &
& 7 gRARNT fRar Jrar gl

SHORT ANSWER TYPE QUESTIONS:
oY 3T ge:

Th UG H AT H3 Uaihl HWell H FAT ST gl
5. What do you mean by adiabatic process.

. A thermodynamic process in which there is no
heat transfer from in or out of the system is
called adiabatic process.

TEUTSH WA ¥ T FAT THSAA 87

3cc: Teh 3sARIAS fshar foae gomel 3R 3maara
& @/ FSAT F HEW YeIT el g §, 39
TEISH U Fgd &l

6. State standard enthalpy of formation.

Ans. The change in enthalpy during the formation
of one mole of the substance from its constit-
uent elements in their standard state is called
standard enthalpy of formation.

A® e el & Fua F o |

3ca}: et Ul & geeh dcdl I 3oIehT HAleleh aTAT
H U AT & FHAOT F R Teded 7 g are
gRadd & AT ATk Tededy gl S1ar 2

7. What is relation between Gibbs energy and
equilibrium constant?

. AGY = - 2.303 nRT log K
freg Fa1 3k auETd Rwie & fiw o Fw

1. In a process, 701 J of heat is absorbed
by a system and 394 J of work is done by
the system. What is the change in internal
energy for the process ?

Given, g = 701, w = -394 J, AU = ?
According to first law of thermodynamics,

AU =qg+w=701+ (-394) = 307 J

It means that internal energy of system is
increased by 307 J

F YHA A AF q@nr 701 J FAT Iaefa

# STl § 3R 394 J FRF fRar ST € 1 39

UHH A A& FoT & g alade gem 2
3ca: fgar g, q =701, w=-394 J, AU = ?

ISARIAR & JIH @987 & aR,

AU =q +w =701+ (-394) = 307 J

37T AT & 3edRe Foil 307 J dadr gl
2. Calculate the number of kJ of heat

necessary to raise the temperature of 60.0

g of aluminium from 35°C to 55°C. Molar
heat capacity of Al is 24 J mol” K.

Ans.

e Ans: For ‘n’ moles of substance, g = n x Cny x AT
Hd EOI §? no. of moles of aluminum,
3cadl. AG” = - 2.303 nRT log K¢ 60
] _ n= 3 =222 mol
8.  State first law of thermodynamics. Given Cm = 24 Jmol 'K
Ans. It states that, “The energy of an isolated sys- = 24 x 102 KJ mol'K"
tem is constant.
AT = (273 + 55) - (273 + 35) = 20K
g =222x X X = 1.
FEHTITGHR! FT J0H A7 T 2.22 x 24 x 10 x 20 = 1.07 KJ
&1 FErEH faamn —— FWEIRA. - ye IF-7g-3R T fAgew Aaor & (2024)




Ans.

Ans.

HET-11 AT fFa1m)

60.0 g YIRARATH FT AT 35°C F 55° C I &
mﬁmﬁﬁm’rmmaﬁrmmsﬁr?Al
# A FsATIRET 24 J mol” K ¥

gty & n AT & AT, , g = n x Cnm xAT

UATATH & Aol $T deT,
n= 52 =222 mol

Given Cm = 24 Jmol 'K

= 24 x 10° KJ mol 'K

AT = (273 + 55) - (273 + 35) = 20K
q=222x24x 102 x 20 = 1.07 KJ
Enthalpies of formation of CO(g), CO2(g),
N2O(g) and N204(g) are -110, - 393, 81 and
9.7 kJ mol respectively. Find the value

ofArH for the reaction: N.O4(g) + 3CO(g) —
N20(g) + 3COx(g)

AH = zAfHOproduct - ZAfHoreactant

=> AH =[AH {N20(g)} + 3 xAH{CO2(g)}]

- [AaH {N204(g)} + 3 x AH{CO(g)}]

=> AH

= [81 + 3 x (-393)]- [9.7 + 3 x (-110)]

=> AH = [ - 1098 - (-320.3)] = -777.7 KJ
CO (g), COz2 (@), N2O (g)w@ NzO4 (g) #r
R wdedt swaer: -110,-393, 81 wgd 9.7 kJ

mol” & 3fARFATN.04 (g) + 3CO (g) — N20
(g) + 3CO: (g) & faw &1 AH AW 7T AfFTI

cAH = ZAfHO?,T—Cna‘ ZAfHO.}@'cFR?F

=>AH = [AH{N20(g)} + 3xA:H{CO2(g)}]

- [AH {N204(g)} + 3 x AH{CO(g)}]

=> AH = [81 + 3 x (-393)]- [9.7 + 3 x (-110)]
=> AH =[ - 1098 - (-320.3)] = -777.7 KJ
Derive relation between Cp and Cv.
We know that; H = U + PV

=> AH = AU + A(PV)

Since for one mole of ideal gas PV =
Hence AH = AU + A(RT)

=> AH = AU + RAT (Since R is universal
gas constant)

On dividing both side by AT we get;

H U

RT.

T =T*R

Since Cp = 2 and Cv =(—T], Hence we get,
Cp=Cv+R=>Cp—CV=R

Cp 3R Cv & diw Haer vufa +{)

A SEd g fF ; H=U+ PV =>AH = AU
+A(PV) T& A A6 3 & fow PV = RT;

3 AH = AU + A(RT)
=>AH = AU + RAT (If¥ R @&sif@s 3w

Ans.

e )

alet R® AT & H9T &7 W, §F 91T §;
NS

GRC, = 4 anC, = 7, 3 g o B,

C,=C/+R=>C,-C, =R

Derive relationship between AH and AU,
for a reaction involving gases at constant
pressure and temperature.

Let us consider a reaction involving gases. If
Va is the total volume of the gaseous reac-
tants, Vg is the total volume of the gaseous
products, na is the number of moles of gas-
eous reactants and ng is the number of moles
of gaseous products, all at constant pressure
and temperature, then using the ideal gas
law, we write,

PVa = naRT and PVg = ngRT

Thus, PVs - PVa = ngRT - naRT
=> P (Vg - Va) = (ng-na)RT
=> PAV = AngRT

Here, Ang refers to the number of moles of
gaseous products minus the number of moles
of gaseous reactants.

As we know that at constant pressure,
AH = AU + PAV... (ii)

Substituting the value of PAV from equation
(i) in equation (ii), we get, AH = AU + AngRT

BT e 3 a7 w A sfAfFar F @fw AH
Ik AU, & & d@e T FAERT W

| §H U UET AfAfRIr W R i g, oae A

fAer &1 R g« tg a9 W Va g 31f@-
fohgel @7 U9 Vg T 3cUGl T Fhel I
& dr na A 3T vd ne T 3curet
F Al T FEAm g, ar e A9 gHeRr &
Hﬂoﬂﬂ- PVa = naRT @2r PVs = ngRT

3Ad:, PVe - PVa = ngRT - naRT

=> P (Vg - VA) = ( ng - na )RT

=> PAV = ANgRT (i)

o

STEl, Ang AT 3cUET & Al Hr TEAT TT
I wfAfFIRT & Al i FE&aT F 3T B
ST fF g SeTa § 6 R g W,

AH = AU + PAV ......(ii)

HHIRIOT (i) & PAV &I Al FHIRIOT (i) H 1@
9EAd 9d g fh, AH = AU + AngRT

FWEIRA. — e IF-Tg-37 [ fngesd RAaRor ¥ (2024)
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LONG ANSWER TYPE QUESTION

3 398 v

Ans.

HET-11 AT fFa1m)

Calculate the standard enthalpy of formation
of CH30H (I) from the following data:

CH3OH (I) + 5 0x(g) — COx(g) + 2H,0(l);
AH® = -726 kJ mol™

C (graphite) + Oz(g) — CO2(g); AcH°= -393
kJ mol”

H: (g) + 502(g) — H:O(l);

AfH® = -286 kJ mol
We have to find

AfH® for the reaction :
C (s) + 2Ha(g) + & O2(g) — CHsOH()

From the given equation in the question, we
get

CO2(g) + 2H20(1) —~CHIOH (I) + 3 02(g);
AH® = + 726 kJ mol
C (graphite) + O2(g) — CO2(g); AcH®
= -393 kJ mol’
2H: (g) + O2 (g)— 2H:0(l);
AH® = -572 kJ mol™
On adding equation (i), (ii) and (iii) we get;
C (s) + 2Ha(g) + & Oz2(g) — CH3OH());

AH® = (726 - 393 - 572) = - 239 kJ mol™ .

Hence the standard enthalpy of formation of
CH30H(l) is- 239 kJ mol

frafaf@a affest & CH30H () Iaa i ATeTs-
e el a9 fifse

CH3OH () + 3 02(g) — CO2(g) + 2H20());
AH°= -726 kJ mol”

C (Iwrse) + O2(g) — CO2A(Q);

AcH® = -393 kJ mol

H: (@) + 7 Oz (g)— H:O();

AfH°= -286 kJ mol™

. g 5| AR & v AHPATT S g

C (s) + 2Ha(g) + 5 O2(g) — CHsOH(l)

g H feU v mHAeRer ¥ §FH witd @ §
COx(g) + 2H0()—»CH:OH () + 3 02Ag) ;
AH® = + 726 kJ mol™

C (Iwrge) + O2(g) — CO2();

Ans.

3.

AcH= -393 kJ mol™
2H: (g) + O2 (g)— 2H:0(l);
AH® = -572 kJ mol
T (i), (i) 3R giii) SiISel 9 A wIed grem
: C (s) + 2Ha(g) + 5 O2(g) — CH3OH(l);
AH® = (726 - 393 - 572)= - 239 kJ mol™.
347—r:1CH30H(|) FI AlAh-Taded Teded-239 kJ
mol™'g

For the reaction 2A(g) + B(g) — 2D(g) AU°
= -10.5 kJ and AS° = -44.1 JK'.

Calculate AG° for the reaction, and
predict whether the reaction may occur
spontaneously.

For the reaction 2A(g) + B(g) — 2D(g);

Ang = 2 - (2+1) = -1 AU® = 10.5 kJ mol
=- 10500 J mol" and R = 8.314 JK' mol™
AH? =AU° + AngRT = -10.5 + [ (-1) X 8.314
X 298 ] = -12978 J

According to Gibbs Helmholtz equation :
AG? =aH? - TAS?

AGY = -12978 - [ 298 X ( - 44.1)]

(Given AS? = 441 JK' ) AG® = 163.8 J =
0.164 KJ

SinceAG® is positive , hence the reaction is
non - spontaneous in nature.

FfAfFAT 2 A(g) + B(g) — 2D(g) ¥ fw AU
= -10.5 kJ tF AS? = -44.1 JK' § ; TATFaT
F T 4G° &Y o AfST 3R TaET F F4r
HRFFAT Taa: yafdder T & ?

: 2A(g) + B(g) — 2D(g); f&fhar & fow Ang =

2 - (2+1) = -1 AU = 10.5 kJ mol™ =
J mol" and R = 8.314 JK' mol”

AH? =AU + ANgRT

= -10.5 + [ (-1) X 8.314 X 298 | = -12978 J
ey - gerglecs THIRUT & 3qER:

AG? = AHY - TAS?

AG? = -12978 - [ 298 X ( - 44.1)]( Given AS®
=441 JK') AG® = 163.8 J = 0.164 KJ

IfF AG RS §, 3d: AR waa: vafda
el & TRl g

Calculate the enthalpy change for
process CCls (g) — C(g) + 4Cl(g)

and calculate bond enthalpy of C - CI in

10500

the
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CCly(g).
AvapH® (CCls) = 30.5 KJ mol™
AH® (CCly) = -135.5 KJ mol

AaH® (C) = 715 KJ mol” , where A H° is
enthalpy of atomization AzH° (Clp) = 242 KJ
mol”

From the data given, we get following equa-
tion: CCls (I) — CCls (@)

AvapH(CClg) = 30.5 KJ mol™ ....(i)
C (s) + 2Clp (g) — CCla(l)

AH® (CClg) = -135.5 KJ mol™" .....(ii)
C(s) —C(9)

AaH? (C) = 715 KJ mol”
Clz(g) — 2Cl(g)

AaH? (Cly) = 242 KJ mol™.......(iv)

With the help of above four equation we have
to find AH for the reactionCC14 (g)—C(g)+4

Cl(g)
By applying Eqgn. (iii) + 2 x (iv) - (i) - (ii);
we get, CC14(g) — C(g) + 4 CI(g) ;

AH = 715 + 2(242) - 30.5 «(-135.5) = 1304
KJ mol™

...... (iii)

Bond enthalpy of

C-ClincCls = 2 = 326 KJ mol”

CC14(g) — C(g) + 4 Cl(g), sfafrar & AT

Trdedt-uRadsr g fifse va CCl, & C - CI

#r ey vededt i orer HfSw-

AvapH® (CCls) = 30.5 KJ mol™

AH® (CCly) = -135.5 KJ mol

AaH® (C) = 715 KJ mol™, T@l A oHC &orer
el §

AaH® (Clo) = 242 KJ mol™

: BT 1T sl ¥ gH [Aeafaf@d e ured

glar g CCls () — CCls (g)

AvapH® (CCls) = 30.5 KJ mol™ .....(i)
C (s) + 2Clo (g) — CCla(l)
AH® (CCly) = -135.5 KJ mol ™ ......(ii)

C(s) —C(9)

AaH® (C) = 715 KJ mol
Cla(g) — 2Cl(g)

AaH® (Clo) = 242 KJ mol™......(iv)

IRIFT IR FHEON AT Tgraar o g5 fAfwar
CC14 (9)—C(g)+4 Cl(g);

& faU AH AT T gl

AT [(iii)) + 2 x (iv) - (i) - (i) ], T W
gH 9Ied BlaT §

CC14(g9) — C(g) + 4 Cl(g) ;

AH = 715 + 2(242) - 30.5 -(-135.5) = 1304
KJ mol™

CCly & C - Cl & 36y Tededy grm

=132 376 KJ mol!
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