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» Thermodynamics is a branch of science dealing with the study of different
forms of energy and their interconversions.

N

» In chemistry using the therr;qﬂlﬂij@@/

AVe can predict the feasibility of a reaction.
2/ If reaction does take place, what are the energy changes involved during

the reaction.
@If\achemical equilibrium is going to be attained than what will be the
equilibrium concentrations of different reactants and products.

e




Introduction

Limitations of Thermodynamics:
NN —

\y(t is applicable toonsisting matter in bulk and not to

microscopic systems of individual atoms and molecules.

ATDB.uno
\ylt does not tell anything about the rate of physical change or a chemical

reaction.
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» A system in thermodynamics refers to that part of universe in which
observations are made and remaining universe constitutes the surroundings.

» The universe = The system + The surroundings

A TDBtune

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

AAAAAAAAA
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1. Open System

» In an open system, there is exchange of energy
and matter between system and surroundings.
ATDB.uno
» The presence of reactants in an open beaker is
an example of an open system.

» Here the boundary is an imaginary surface
enclosing the beaker and reactants.

Open system
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2. Closed System

» In a closed system, there is no exchange of
matter, but exchange of energy is possible
between system and the surroamdiygs 11no

» The presence of reactants in a closed vessel
made of conducting material e.g., copper or
steel is an example of a closed system.

Closed system




Types of system

3. Isolated System

» In an isolated system, there is no exchange of
energy or matter between the system and the

surroundings. ATDB.uno

» The presence of reactants in a thermos flask
or any other closed insulated vessel is an
example of an isolated system.




[ @  State of a system

.s the condition of a system as specified by it's physical properties.

*

¢ Macroscopic properties such as pressure, temperature, volume, amount, etc.
which determine the state of a system are referred to as state variables.

m =2 kg T, =25°C

T, =25°C V,=3m?

V' =1m? \_/_\Q
; STATE i) TATE 2




Gtate Functions: l

» Variables like p, V, T are called state variables or state functions because their
values depend only on the state of the system and not on how itis reached.

Ex > PV, T, Tudeana) erevgrO|)y fgholdy (W), Erbwpy (<))
Cibh's erevey (6) ode

/‘K
Crammmcions) 5, s ) o (0

» Those physical quantities which depends on the path followed, are called as
path functions.
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@ )} Extensive Property

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

» For example, mass, volume, internal energy, enthalpy, heat capacity, etc. are

extensive properties. ATDBuno ()
| . )
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Intensive Property

» Those properties which do not depend on the quantity or size of matter
present are known as intensive properties.

» For example temperature, d\e/n\sig, pressure etc. are intensive properties
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** The sequential steps followed to change the state of a system, is called as
T A W s VRSN S8

a process.
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1. Isothermal Process:

» The process in which[temperature is kept constant for the entire proceg is
known as isothermal process.

\
T= Do - nATOBUMo, | f |
dT:Q‘]=>AT?—O‘ =5

\
1
1%

1

Tgo\"\%“\"p
é)( ‘»GY\‘J'\ onN
-




2. Isobaric Process:

» The process in which pressure is kept constant for the entire process, is

known as isobaric process. , \. = e 1
F = Corntund . Vil A)?éB.UﬂO T L i g
dP =0 = AP =0 4 -
el 5  [—— ) T - & V >
Cha &\[ 3 - | 2 | T ‘\f 1-
o< T(k) ]Sb“’oc‘ﬂ( ‘E‘f’['ahs!on. \/
Ny i it
L =
Tl T—L




3. !sochoric Process:

» The process in which volume is kept constant for the entire process, is

known as isochoric progess. | n 4 f
V= Consteud - | ATPB.Uno |1 > 9
dV:'O =y BN =8 rT 5
E T, 7 - I > V 5
LP°< \(i} T..«) | > )
p . f1 1T
= Eﬁ. IﬁMj\th“\m}‘"‘J\‘j ]
L 7 4,7 b




4. Adiabatic Process:

» The process in which cross the walls is not possible , is known
as adiabatic process. ! PEisspv s (Radho:
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Cyclic Process:

» The process in which initial and final states are same, is called as

cyclic process. /\/'W\——\
T h C RTYE Br vy Yunddion = o

N
<~ AN = Hg-H)




Reversible and Irreversible Process

Reversible Process Irreversible Process

1. It takes place in infinite number of 1. [t takes place infinite time.
infinitesimally small steps and it would

take infinite time to occur

2. [t is imaginary as it assumes the presence 2. it is real and can be performed actually.
of frictionless and weightless piston.

3. [tis in equilibrium state at all stages of the 3. It is in equilibrium state only at the initial
operation. and final stages of the operation.

4. All changes are reversed when the process 4. After this type of process has occurred
is carried out in reversible direction. all changes do not return to the initial
state by themselves

5. [tis extremely slow. 5. [t proceeds at measureable speed.
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» A system in which the macroscopic properties do not undergo any change
with time is called thermodynamic equilibrium.

» ltis of three types:

ATDB.uno




@ yThermodynamic Equilibrium

1. Thermal equilibrium:

» If there is no flow of heat from one portion of the system to another, the
system is said to be in thermal equilibrium.

ATDB.uno




» If no mechanical work is done by one part of the system on another part of
the system, it is said to be in mechanical equilibrium. Such a condition exists
when pressure remains cons®TPOB .uno




@ yThermodynamic Equilibrium

3. Chemical equilibriumy/

» In chemical equilibrium the composition of different phases remains
same and chemical composition of the system remains constant and

there is no chemical reaction t%&w_c&n 0
A+8 — C+D
i
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(2001, 1M)

| Work is a state function jx
,,’-:,‘_':\'
B\‘

i » Temperature is a state function
N
N ATDB.uno
‘f"\ >j' Change in the state is completely defined when the initial and final states are
= gpecified
e N
4-\9__ ;--' Work appears at the boundary of the system
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In thermodynamics, a process is called reversible when (2001, 1M)

7N B
&, \ . .
Q'..,\A y,..' Surroundings and system change into each other
4’/f:-\‘-. : ,

. B P There is no boundary between system and surroundings

o

ATDB.Uuno

| The surroundings are always in equilibrium with the system

_u, | The system changes into the surroundings spontaneously
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Internal Energy

» It is the sum of all different types of energies associated with all the particles
resent in the system.
i 4 Grovoronad Enevgy b, &

()= KE+PE+V.E.+ E.b-»
mo!a*(l’\%i@mf)

— Sk ‘?und’m"\ ( Bl = @\T-QB ‘)JnO
— Ex-\t\ﬁs\w{ P"YQFP‘\-[ e AT:O, DU:O Ly P

» Its absolute value cannot be determined but
energy (A) can be determined.

xperimentally change in internal
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Internal Energy

» A change in internal energy may be brought about when :

i. heat passes into or out of the SYSW
ii. work is done on or by the system,
iii. matter enters or leaves the systeht/o.UNO

{EV\-‘rens’\\& PYV?Q?H] |




Internal Energy &

San Lot vewhon o

Change in Internal Energy by Doing Work:

g WorK done by the susfern 2 W =-VR

WK dene on the sus




Internal Energy

Change in Internal Energy by Heat:

Heat abspdhed 9 = +vQ |
Ul ) . HQO& &d%(cl 331: - Ve |
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General Case:
» When change in internal energy is because of both heat and work:

, 1 Jono o Yhex ody nanics
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If 5] are taken away by heat from the system, and the system does 5] of work,
what is the change in internal energy of the system?

7 a ) = 5]

Aoz ) r,% --67.

(B}l 0] B = 94w

s ~ A 1RB.UNo
“u(/c\‘\a 10] B

N

N

(D} 25) Al :@u,
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160 ] of work is done on the system and at the same time 100 ] of heat is
given out. What is the change in the internal energy?

Ans = - A\60T -
q - -IT
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If change in internal energy —80 ]J. The work done by system is +40 J.
Calculate the heat change.

Yo/
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If the external pressure is more than the internal pressure then what will be
the sign convention for the work done on a cylinder fitted with a frictionless
and weightless piston containing one mole of an ideal gas? i

J
C"*EWFDB.uno
L6 dawne on Hhe S«gﬂan]

w - W
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During compression of a spring the work done is 10 k] and 2 k] escaped to

the surroundings as heat. The change in internal energy, AU (in KkJ) is
‘ (2019 Main, 9 April II)

AT em. $IGRT

9 = -2 KT .
AU - ,@TQB.uno
:)8’(:1‘ fn
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Among the following the set of parameters that represents path functions, is
@ a+W— bU) K (2)g

(B) W _— (9 YH-TS (2019 Main, 9 April I)
7 2\

.'\\A /’"I (1) and (4)
m
N\
PR

{c ¥ (2),(3)and (4)
N

e N
u\ D .
N/

(1), (2) and (3) ATDB.uno
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(2017 Main)

. A, isochoric work

A j"" isobaric work
.”"adiabatic work o
— \

| isothermal work
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A piston filled with 0.04 mole of an ideal gas expands reversibly from 50.0

mL to 375 mL at a constant temperature of 37.0°C. As it does so, it absorbs
208 ] of heat. The values of q and W for the process will be (R = 8.314 J]/mol

K, In 7.5 = 2.01) q - 1308 3

—\
%208] W=-208] | (=lrsed, AT-0

— AT DBGnoT
(g ¥ —/}Qsj,w.-.-zoaj & -

~.\\\“:qu q —

O
N AD:0
,('\\C—:jl q =%08 ], W=+208]
DY q=+208], W =+208]

)

1

(2013 Main)

A AU:ﬂHJO
i
0
UO:fCI/~
W= —J087

AAAAAAA



» If for a gas the internal energy is directly proportional to its absolute

temperature, the gas is termed as an ideal gas. /\

[ D\) "“’ i ____—_9 ]dwp CO.%
 ATDE R s e
=9 [ov]|-=0

0P |7 t T :




» The total number of modes on which a molecule of an ideal gas can exchange

energy during collisions, is known as its degree of freedom.
L > Trars|adiowad | 1)
ATDB.UNG, g oletigmsd
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" @ )} Law of Equipartition of Energy

ei OY‘S '\S 4

» Energy equal to % I?T is associated with each degree of freedom per ideal gas
molecule. | ot 0 mn\e;*- v
U/”\c{ecde 2 { b&" KT TDB.MH(S) = éxnxfoxT
e f [ xlizn] v
Ulmde < jr-%x Rx1 |
\




Zeroth Law of Thermodynamics

» If A and B are in thermal eq., B and C are also in thermal eq. then A and C will
assentially be in thermal eq.

=i ey A

< | B] ATDB.uno
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s

‘> Heat capacity or thermal capacity is a physical property of matter, defined
as the amount of heat to be supplied to an object to produce a unit

change in its temperature. A Tepa defended--
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Specific Hew: Ce)

» The specific heat capacity is defined as the quantity of heat (J) absorbed
per unit mass (kg) of the matArjd) Whgm iys temperature increases 1 K

(or 1°(C), 4 |
| " THSCAT
E v q ).
T

<O
{
—
=
(WA
= 1
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Molar Heat Capacity: | C m] .

» The molar heat capacity is the amount of energy required to raise the /
temperature of one mole of a suBAsfdDE hyppe degree. m
, Cp- gxé = ¥ J
B

J, X_,' mo\‘\Y
o\ay hest @‘un\ﬁ(‘ 'Y\Ux
of e €| V)

| Oy (mﬁ\ ’t
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Question : The amount of heat required to raise the temperature of 3 g Al
from 25°C to 30°C is 4.5 K]. Find molar and specific heat capacity of Al.

hrs > - :33 : = q/ | = Q-6X|o3
Mo = a3 TDB.UROAT)  3x5
i=3-_ 5 _ ) 3
— T 9% : U5 Xl
Mw ¥ /j Cro - ___-—% s, D~
— o ﬂ(DT) /ﬂ XS
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** In Isochoric Process: -
AV - Q[,-HA)
V —wnstewd , dV = 0O - .
L O fc‘)‘i’
LW = - | Pex-dV ATDB.U AW 9. :né/(AT) |
J
> A | *
| W=o
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++» In Isobaric Process:
P - (Jbﬂs-\—qd, Coj =0

N2
0D = - P@‘A~d\/

| ,YY\RTQ—Y\RT‘]

(Ore V- - f\@ T\-’Tz, *




Which one of the following equations does not correctly represent the first
law of thermodynamics for the given processes involving an ideal gas?

(Assume non-expansion work is zero) (2019 Main, 8 April 1)
e / | LQ> AU=0 ‘ (C) V-k W-=0
. A, Cyclic process:q=-W AV = Gt ’ .
% - *W‘ AU = 1 + w
Adiabatic process : AU = -W A_{E)Bciu;ﬂOO AV =9
Z AL = 9t Ay pT=0, Bli=D
a{(/ ./ Isochoric process : AU =q v ) (1) . C ;
\\,7 AL = g A L = q Fuy
&\ ey g ,
.. '/ Isothermal process: q =-W Ol - W
s \/
—— e —

AAAAAAAA
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+* In Isothermal Reversible Process: A
\ \ (A)\Q\- = e Y\——T—d\/
Lsey- = - Fox - AV J VES n‘ 4 ﬂ ($<)
! T— n—,—‘ \/ e ® N = Y\
B & Pins Fpay. [OBUMET [LdV [
UO)-Q\:- = = J Pcdud\/ A Vo |
= 'ﬂRT [RWV]
'\ Pv = nRT bvey
P - NRT (Wyev -
| Y -
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— — Ww — e——
- er]

< In Isothermal Irreversible Process: rT W: - w,”
Uy = P e Y ( Ng -V ) ‘

ATDB.uno 4,
\ PVT_(\RT *G)mmmﬂq?? ﬁfb‘\' (fﬂTG! D |eX .
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f%?nw{loﬂ' Va >V,
= ~ _[UQWKd.mebj%q
Sa%}ern .) |

+* In Isothermal Irreversible Process:
WOyy: = - oy ( VQ-—V\\

Compremion HTDB.UNG

NS +v~Q( workdmeon\
%LSaﬂQm




** In Isothermal Expansion: i ‘
‘ N
Wway- - —JPQ*'O‘V‘ _ ' ‘I
»  ATDB.upp / ,
(Ows. - - ; L
? / e
= *Vz(VaN,) = '* WAVAW A .67
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Calculate the amount of work done when 1 mol of an ideal gas is allowed to
expand from 1 L to 5 L against a constant external pressure of 1 atm at 300

— <2 s L
;

S > =l
o LV ledenl D013 T
Vg =5 L |
ATDBuwno -4 (1013) 1
Iy - - "@el(vé?'\/J e
= —L(5-1)
- Yadm-L
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One mole of oxygen is allowed to expand isothermally and reversibly from
5m? to 10 m? at 300 K. Calculate the work done in expansion of the gas.

\lns - i =t
V| =49
N, 2 /0

T 350K

Wyev: = — 506> ﬂQTmm(\{/_a)
)

2D - d 563 FIREBHINAS0D lﬁa
ATDB.uno

PN A

| .
(3)_3

0750\0
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The work done on the system when one mole of an ideal gas at 500 K is
compressed lsothgrmally and reversibly to — th of its ong(;nal Xolume

(R = 2 cal) T:-6%0K Rﬁua'\/ .
- LODvyey: - - 2.30d 1N ¥ ()
(A ) 500 keal -
72N ATDB.uno X o
"\\j' 15.1 kcal )

- 72303 100 by () et 1 -lefo
/:\\. — 0 = &
(e} 2503 keal D dros I )

=S D) 9.6 K

2.303 kcas i
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@ } Work Done in Free Expansion

» Expansion of a gas in vacuum, is known as free expansion.

Pe\(:()

0y 4y ATDB.UNO

<R

A = -
/
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Isothermal Free Expansion: q{ ;
AT =0 lex - ©

_ W =0 OR
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Two litres of an ideal gas at a pressure of 10 atm expands isothermally into a
vacuum until its total volume is 10 litres. How much heat is absorbed and
how much work is done in the expansion ? TR

ﬁlv_\_éi.s 'DQ*'T-O'(A)ZO‘
GV -6 B =0 -
AU = 9 W ATDB.uno
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from 2 litre to 3 liter at (1 atm. €3lculate the change in its internal internal

A gas is provided with B{O:L—%heat at STP, so that its volume increases
tm

energy.
firz:a 9= WS W =- e (va-v) (]
Wy = &
Y& £ %1 ATDB.uno
) 9
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AU is equal to

N

=4
7

\ﬁ'
N
.’V/U"’n

|
'| 1

§\3 J ‘.

7N N\

{
I
|
\

[sothermal work

Isochoric work

Isobaric work.

ATDB.uno
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When 5 moles of He gas expand isothermally and reversibly at 300 K from
10 litre to 20 litre, the magnitude of the maximum work obtained is ].
[Nearest integer]| (JEE Main 2022 (June) Shift -2)
[Given: R=8.3 ] K- mol-'and log 2 = 0.3010]

- 3 25
An—s ? n Loy - ~— Q303 NRT (V_g_

T=300 kK ATDB.uno 2% R
NL =T L z —9-503x§><8.5u17<35~0b]é{
Yy =Jo L

Ans. [8360]
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4.0 L of an ideal gas is allowed to expand isothermally into vacuum until the

total volume is 20 L. The amount of heat absorbed in this expansion
is L atm. (JEE Main 2022 (June) Shift -1)

ATDB.uno

Ans. |0]
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An ideal gas is allowed to expand from 1 L to 10 L against a constant external
pressure of 1 bar. The work done in K] is (2019 Main, 12 April 1)

/-l - 9.0

B, +10.0 _H_‘Q_
e ATDB.uno

{ (?‘\'I -0.9

77\
4'/D \‘"l -2.0
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An ideal gas undergoes isothermal compression from 5 m?to 1 m? against a

constant external pressure of 4 Nm—2. Heat released in this process is used to
increase the temperature of 1 mole of Al. If molar heat capacity of Al is 24 ]

mol-1K-!, the temperature of Al increases by

|

i Vy:Sv-ﬂ}
‘(/\\v 3 N, ZJW’B'
LR =K .
N 2 | Ptz yN|m

AU:O‘J”

3= 75y

B Il K
ATDB UNO

(2019 Main, 10 Jan II)
b i o [0
Cm:a\ﬂf'ﬂv‘(lk*‘l'
N
9 - N(o (8T)
A7 - _lf_ =) 9/
y°
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Consider the reversible isothermal expansion of an ideal gas in a closed
system at two different temperatures T, and T, (T, < T,). The correct
graphical depiction of the dependence of work done (W) on the final volume

(V) is (2019 Main, 9 Jan 1)
Wi T2 Hio wi T
Ty
7N\ ATDBIUNO )
&/ @
O In V O InV
|Wi T> |W| ’
@| T4 dfs\| Ty
N\ N o

O InV O InV
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Wiwr = — Fex (:\/a—\/,]

PV = NRT
V= NRKRT




w<o0
N Gy (T&-——Tn) <O
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A monoatomic gas undergoes adiabatic process. Its volume and temperature
are related as TV? = constant. The value of p will be

Y21-§.

133

— —

— [V = N stound .

{B\}} 1.67

N _'_Vw e ATDB.UNO

{@/0.67
N4 e Y=
N\ )
‘(D\] RE: = 163 -
Y= 0~6}

Y

Ans. 0.67
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An ideal gas with pressure P, volume V and temperature T is expanded
isothermally to a volume 2V and final pressure P,. If the same gas is
expanded adiabatically to a volume 2\, the final pressure is P,. The ratio of

specific heat for the gas is 1.67). Calculate the value of ratio %.

fns ;> Tsothtxmol. Adiabadic - ?3 3 '{ X & :)Q_
PV, = P\, W =ATDB.uno| # 2"x7 2¥
g P\/Y -1
PV = Piav) | MY BB 20
= Y _ 16}
Pl: ‘/;{ P\/ = P"‘g\\/\l =) a\
P- P N gttt
Y
& ‘\(\S
.
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Two moles of an ideal monoatomic gases are allowed to expand

adiabatically and reversibly from 300 K and 200 K. The work done in the
system is (Cy - 12.5 J/K/mole).

n LR i = NCe [T
P wev . — v (1g- T,
.\\ /. 12.5 K] A ) q)s
,\(} -2.5K] la 260k |ATDB.uno

= Ch = 1@.%
‘f eV 625K »

P/
D ¥ 500k
\\._-/

\ | Ans.-12.5K]
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One mole of ideal gas is allowed to expand/reversibly and adiabatically from
a temperature of 27°C. If the work done during the process is 3 kJ. The final
temperature will be equal to (Cy = 20 JK1)

N= L (}):ﬂ(\{(h"ﬂ)

— 3080 - J*QO/[ Ta,gm]

-3KT ) -3WFDB.uNO
—150 - T9-380L

e I A @\%K

295K

150K

7N\
o/
3

"

100K

N\
§
I
| w |

\|, |

/)

_'
29
,!

V/ am
o
N .

TN
\
Y

-
\e

Ans. A
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5 moles of an ideal gas at 100 K are allowed to undergo reversible
compression till its temperature becomes 200 K. If C, = 28 JK! mol},
calculate AU and ApV for this process. (R = 8.0 JK-! mol-1).

) e \ (2019 Main, 8 April II)

.\\ /' AU = 2.8 Kk]J; A(pV) =0.8K]

{(a) AU=145;A(pV)=08]  ATDB.uUNO

<\ c\'l AU =14 KkJ; A(pV) = 4 K]

\\./ Ly

o N _ . k
“\? 3 AU =14 kJ; A(pV) =18 K]
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One mole of monoatomic ideal gas expands adiabatically at initial
temperature T against a constant external pressure of 1 atm from 1 to 2 L.
Find out the final temperature

(R=0.0821L atm K-! mol-?). (2005, 1M)

NE
&

¥ T
,-\\‘ // (2)5/3—1

‘:f . T 2 '—‘@3

'Y 3x0.082

ATDB.uno

(ﬁl T+ -
*;\__ / 3 % 0.082
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AH= AU+PCAV)

P\/ = ART
[PAV = Aﬂd RT

wa" am&& W\O'QJ
b( frodu

dej(ﬂ —> CQO____(__s) 1 G0, (1)

}5‘\3: \*OiQ
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If water vapour is assumed to be a perfect gas, molar enthalpy change for
vapourisation of 1 mol of water at 1 bar and 100°C is 41 k] mol-1. Calculate

the internal energy change, when
(i) 1 mol of water is vaporised at 1 bar pressure and 100°C.

fe s AN = L'”x“;J/mo-f.l Toleoc —.%?Sk)
Hs009) — W0,y AFTM?_-!HYLO: A
AL =/
DH = BU t Dy RT

Wig' = AU 41731y x313
AV - ?
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For the combustion reaction at 298 K
2Ag(s) + 02(g) — 2Ag,0(s)
Which of the following relation will be true?

N\
{ A\‘,I AH = AE

e AH = AL+ Q”a RT
T
(B AH>AE - AAATDB.UNO

a8 A
AH < AE AL >DH

7N\
X D\‘j AH and AE be\ar no relationship with each other

l)na: | = | =) -1

Ans. C
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For the reaction,
C;Hg(g) + 50,(g) —» 3CO,(g) + 4l‘i§0(l) at constant temperature, AH - AE is

f‘_‘:\\}] | /‘SH —_ L U T ?
Ry —BL AH = DU + BNgRT

OH- A\ = BOgR[

ATDB.uno
A“tx = 3-—6 =) —3

RT

—3RT
AU—-BY = =HET

+3RT
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One mole of carbon undergoes incomplete combustion to produce carbon
monoxide. Calculate (AH — AU) for the formation of CO at 298 K. Given
R=8.314 JK-! mol-.

. ]
fns > C(s)'ono‘?(«,) = CO(gU

And e |_-‘_: 0.5 ATDB.uno

- poce

=Y B8 R 831y X 3\7&

i
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A fish swimming in water body when taken out from the water body is

covered with a film of water of weight 36 g. When it is subjected to cooking

at 100°C, then the internal energy for vaporization in k] mol-! is
Inearest integer]|

[Assume steam to be an ideal gas. Given A, H® for water at 373 K and 1 bar
is41.1 k] mol-}; R=8.31 JK-! mol-1] (JEE Main 2022 (June) Shift -2)

ATDB.uno
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The difference between AH and AU (AH - AU), when the combustion of one

mole of heptane (/) is carried out at a temperature T, is equal to
(2019 Main, 10 April II)

N
Ne &7

-4 RT HUQ

,-
7

\

-2
R

3RT ATDB.uno

(
\

\

0‘)

\

4 RT

B
\

\ o/

-3 RT

»y_ B
oY

|
|
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For silver, C (JK™* mol™) = 23 + 0.01 T. If the temperature (T) of 3 moles of
silver is raised from 300 K to 1000 K at 1 atm pressure, the value of AH will

be close to (2019 Main, 8 April 1)
&, \\‘
\\ /

‘f(a\' 16 k] ATDB.uno
= Huw

{eV 21y /
Y

62 K]

—
’

| 13 K]

AAAAAAA



The combustion of benzene (/) gives CO,(g) and H,0(/). Given that heat of
combustion of benzene at constant volume is - 3263.9 k] mol* at 25°C; heat

of combustion (in k] mol?) of benzene at constant pressure will be

(R = 8.314 JK-'mol 1) (2018 Main)
7\ CH +35 0 _ S 6CO 1.0
i\A,}J 4152.6 6o * 3 Yargy — 680209)43H,0r)
/:\ Ana = AT?BUB]H > “7’/3\_

‘B Y -452.46 -

\B/ - 3

N Qv= DU = - 33639110 T
& o N

&y S0 p=dH="

— N\ 0 H = 6 )t ,\ V)

‘DY -3267.6 IRT
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» Practical measurement of heat change in a chemical or physical change, is
known as calorimetry.

» Measurements are done in an apparatus calledgalorimeteD

» Measurements can be made undef 98 cbili@ions :

At constant volume 1v -

b ) At constant Pressure
‘<; @




DDDDDDDD

@ } Measurement of AU .
% Yinsh = | Bt Frt
e, o SR o LS g e s -

» For chemical reactions, heat absorbed at constant volume, is measured in a
omb calorimeter. ?Const»J veluyne

cdormedey -
C\naw{Q 0 ‘le’“f)(AT) - ﬁTQBun

({(’3"‘5 - '\% (l:ombf(
(1\, 2 ek = - ECL"’_'.“_,’ AT]
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1g of graphite is burnt in a worimeter in excess of oxygen at 298 K
and 1 atmospheric pressure according to the equation

C (graphite) +0, (g) > C0,(g) ) OY=1-! Do
During the reaction, temperature rises from 298 K to 299 K. If the heat

capacity of the bomb calorimeter is 20.7k]/K, what is the enthalpy change
for the above reaction at 298 K and 1 atm? AH<= 7

Frs - AT - &7%%9‘{38 =1 -}A\TQB_UBR_ AU @‘.
C = 2o3xio Ik . —

A= -CCar)
AQS ~RO0FrIY T

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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For complete combustion of methanol (JEE Main 2022 (June) Shift -1)

3 — -—
CH3OH(]) . = Eoz(g) — COz(g) -+ ZHZO(I) AV\J - 5,,2 =) =

the amount of heat produced as measured by bomb calorimeter is 726 K]
mol-! at 27°C. The enthalpy of combustion for the reaction is -x k] mol-1,
where x is . (Nearest integer) All= 77

Gi R=8.3 JK1 -1 ‘
(Glven: =03 K" mol™) . ATDB.uno
Ans -5 A = -3d6xlo T T-360kK

AH = AUt N\JQT

Ans. |727]
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» The enthalpy change accompanying a reaction is called the reaction enthalpy.

» The enthalpy change of a chemical reaction, is given by the symbol A H

A > B, ay - mIDB.UNO
OH :(H)e-(H)A

*d AR = +vo \Enob)%umv( R;\\]
‘ (H@%S&bimj R»Z\]

BH < ve | Exttherm i @R
e pagty R )

e R
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» A balanced chemical equation together with the value of its A H is called a
thermochemical equation.

» We specify the physical state (g8ohf)/Bthjxlgtropic state) of the substance in an
equation.

G Nl(g\ + 3Hs (q) — 9\N Ha 3) ) M=% ‘<Y"’W1.
Bolanted Uhern)ta) g,

C i+ OL E— COZ_( 5 QH:_-— k]
(obhite,s) ) ¢ 457
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| " ) Thermochemical Equation

D= & kx[mog‘

Note: A(5\+ p.)((j) | C(a) ,

X C(a) " A(ﬁy\—e(&)! AH;——)‘(\{X]MO\?‘

ATDB.uno

i
&P\(;‘) &8(3) I &C(a) ) AH :QK\CS/MT{)

LLA(S\JVLZB(‘J) —_ 12((3) , AH = ’(/l k‘flmo{’.
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Standard Enthalpy of Reaction
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‘;‘“ Enthalpy changes during phase transformations

1. Molar Enthalpy of Fusion: | ¢ — L] Hy 018) — Ha0(1)
V]
by - AJU%H (Ha0,%).
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2. Molar Enthalpy of Vaporisation: [ L2 C']

H,0(9) —> Hzo((‘ﬂ ’ ’BngO: AV\QP
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| Enthalpy changes during phase transformations

3. Molar Enthalpy of Sublimation:

%n'l-n’—g Cog., ABHOL Askan‘
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A swimmer coming out from a pool is covered with a film of water weighing
about 18 g. Calculate the internal energy of vaporisation at 100°C.
A,,,H’ for water at 373K = 40.66 k] mol™*

"\Y\_Sj—) szo.:"La | TZ'D’OC':%'}5K.
Ny o -t nof
ATDB.uno s
H&OU) — “‘aOra) /Avoug'“l = Y0660 J{mo{’
s A =
b1 =1 \
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f water spilled out from a vessel in the room on the floor. Assuming
that water vapour behaving as an ideal gas, calculate the internal energy
change when the spilled water undergoes complete evaporation at 100°C.
(Given the molar enthalpy of vaporization of water at 1 bar and 373 K = 41
k] mol1) DN =5 xu) k3

A_Q_S__I) LAR P 5 ol (o —_—




I ATDB.unorz ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

AI?IBE' {J/;r’-]\('JFDB,uno [ Unauthorised redistribution is strictly prohibited ATDB.uno

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
ATRRHRDB.uNo | 19 Mar 2026, 16:40 IST ATDB.uno



DDDDDDDD

@ ) Standard Enthalpy of Formation

o / O
Ex. Hag)+10,, 5> HaOca) - i = Sfff (10.0)

Q
C(%\’o“’)\‘u"}eﬁ) + OL(T)) (OZ(H\ . AXHO e Af"’ (UO;(J) .
ATDB.Unp .

&(’3“"“%'5”3}12'3)%0”33 QHZ;OH(,Q) ) Byl = A]cH (GH5OH 2)
0
7 P 138y — M8Teq) B = AH gy, g
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Enthalpies of formation of CO(g), CO, (g), N,O(g) and N,0, (g) are -110,
-393, 81 and 9.7 k] mol-! respectively. Find the value of A _H for the reaction:
N,0,4 + 3CO,, = N0, +3CO,,,

~ 0 0 =% ( 0 » o "
fos > oyH0= |17 AH (reo, ) + 3X AH ien g [ — % 4t (.0, 9%+ 3% DfH (60,9)
L o J

v ATDB.uno

(Ans) .




Calculate the enthalpy change where the standard heat of formation for
gaseous NH, is —11.02 kcal/mol at 298 K. The reaction given is

1 3
—N2(g) + =H2(g) —» NH3(g)

2 2
i M A _ 0
Prs -2 ArHD:. A{ HO( NH,J—T _ ;’7( A«[H (N2 (4) -P}_): AfH (H’LJ))
el ?B-;}{%% 3 xo]
e — P
A\HO = -—'”O:{{w,mb{
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The standard heats of formation of at 298 K for CCl (g), H,0(g), CO,(g) and
HCIl(g) are -25.5, -57.8, —94.1 and -22.1 kcal mol~! respectively. Calculate
A_H® for the reaction

CCl4(g) + 2H,0(g) — CO,(g) + 4HCI(g)

ATDB.uno




SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS

The values of heat of formation of SO, and SO, are —-398.2 k] and -198.2 K].

The heat of this reaction will be

|
SO, +EOZ — S03

N\
\

_S :

—-200 K]

X

., >‘)

\
o=
O

> ATDB.uno

\ ./

-356.2 KJ

»
74

\

//"—Q\\
(o)
N <

+200 K]

—\
\e o/

>
74

-396.2 KJ

Ans. C
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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 aptiF ypeqifise) temperature.
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()
AcH®( CeMha0g) = 380 ES[mef.

1wof clulde — 350K]T ¢
180q- GwLhe — 360 K] (93,)«\

Calonﬂc Value - It may bedeﬁned as the heat
~ produced when 1 gram of the substance is
completely burnt in excess of oxygen.

-




Enthalpy of combustion of carbon to CO, is -393.5 k] mol-'. Calculate the
heat released upon formation of 35.2 g of CO, from carbon and dioxygen gas.

Aos <> Cear+ 0209) —= CO2g), AH=Z =393 k5|mof.
(1rt),

1ol (05 SCP)TKS,MU[.
-*AJRB,uno
- Ly — 3435 KT

¢ 5
Jo L o 13935 X353 |kg.

L J
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If 150 K] of energy is needed for muscular work to walk a distance of one
km, then how much of glucose one has to consume to walk a distance of 5
km. Provided only 30% energy is available for muscular work. The enthalpy
of combustion of glucose is 3000 k] mol.

fos -5 ' 1l kn — 15D KT qo—mq Enerdyy — \80&611@(01(

-~ §KW\ == 1abGx% ‘@uno s '_}5-0‘(3 fhtm _ |_§£‘__x}gb

Ime} Gl e —> 20T F3 ™
\goa.Gluwgg = 306T0 kT. ”"5"6
TBH ('\Q?rm (&WM\Q —3 5WX§9_':) ?6‘0 I<T. Obﬁ.%( :

| 8% e
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An athlete is given 180 g of glucose (C,H,,0.). He utilizes 50% of the energy
due to internal combustion in the body. In order to avoid storage of energy
in the body, calculate the mass of water he would need to perspire. Given

enthalpy of combustion of glucose is —2800 kJ mol™! and enthalpy of
evaporation of water is 44 k] mol.

e ATDB.uno

Ans.572.73 g
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A gobar gas plant produces methane and supplies to the families. If a family
requires 15,000 K] of energy per day, how many days will the quota of 10 kg
will last? (A H of CH, = -1665 k] mol1).

@

ATDB.uno

Ans. 69.37
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The Enthalpies of combustion of carbon and carbon monoxide are -390 K]
and —278 K] respectively. The enthalpy of formation of carbon monoxide is

» 669 K]

4'.// —\\q- \/C s i, <
&, 12H —F Q20N TBE i) o AT TN -
CO(S\ 1-'!2_0?_(3) == (07_(3) AH&‘ “‘3?8"] D
s C9{(3) —, CO(3\+,’202(8) bHS\: +Q}8 ’<J‘ %
D} —668K] - _

1 la0up - Corg) M= -3901818

Ans. C
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At 25°C and 1 atm pressure, the enthalpy of combustion of benzene (1) and

acetylene (g) are -3268 k] mol! and -1300 k] mol!
change in enthalpy for the reaction

=N
\l\'
N\

>
I
A/,/

([

»

(m )
/

B
R\
O )
Ne <7/ N\e o/

S \ " //
|

\

>y S

7 N\
/U )
Ne o7

| +324 k] mol-!

+632 k] mol-!

-632 k] mol-!

-732 k] mol-!

respectively. The

3C,H,(g) > CH. (1), is | ,pn =7

Vain 2022 (June) Shift -2)

artf = 5 o) - S by (He)e.

pANTDB Rl g) — 1x At (con, 1)

= 33X (nw) — [ -3262]

0 _
C

AAAAAAAA
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For combustion of one mole of magnesium in an open container at 300 K
and 1 bar pressure, AcH® = -601.70 k] mol-!, the magnitude of change in
internal energy for the reaction is Kk]. (Nearest integer)

(JEE Main 2022 (June) Shift -2)

(Given: R = 8.3 ] K"'mol™)

3w
ATDB.uno /

Ans. [600]
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The heat of combustion of enthanol into carbon dioxids and water is -327
kcal at constant pressure. The heat evolved (in cal) at constant volume and
27°C (if all gases behave ideally) is

(R = 2 cal mol- K1) ; (JEE Main 2020 (Sep.) Shift -2)

W
ATDB.uno s

Ans. [-326400]
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The standard heat of formation (AH,,3°) of ethane (in k] /mol), if the heat of
combustion of ethane, hydrogen and graphite are -1560, -393.5 and -286

k] /mol, respectively is . (JEE Main 2020 (Jan.) Shift -2)
W
"o
ATDB.uno
Ans. [-192.5]
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\ ) Sstandard Enthalpy of Atomization

It may be defined as the enthalpy change
during the conversion of 1 mol of molecule

or element Mtblgidediiatoms.

H1(3> B & &H(a) / AXHO - AQH (W, )
N)_(%\ — &N(a,) bYHQ 1 AQHO(N)_(a)
(Hurg) — Cpy+ Uy, i U (CHy,9)

Nagy —s NOw) e - Batf NG = A%H (NG,5).




Bond Enthalpy

H'z_(a\ N &H(&), AKHO': AH,HHD 1

Orcqy —  &0cp, B’ = DozoH®

N —  aNep A= Apan
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Bond Enthalpy

For Polyatomic molecules mean or average bond enthalpy is u§ed.

CHy
H

\p

A
S/ Iy Y,
H - \H
Megn Yy Averege

—

gond Evdholly

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.
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ATDBuno

Avg.8ord ém\o-J-M

=A™

—

e

CHurg) — Heg1+ Caygy)
CHy 4N o H(ﬁ\‘f”"z{a)
(He(q) > My CHla)

K M)+ ey

/
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Determine the enthalpy change for the given reactlon/
CH,(g) + Cl,(g) — CH;CI(g) + HCI(g) i '
= Bond energies are given as follows: n S LNH p / Y y
- ~C-H=412 K] mol! "
C - Cl =338 k] mol™!
Cl-Cl =242 k] mol!

_ H-Cl=431 K] mol! ATD .
Ans > Oyl = (Hx DewH + Des-es Hlﬁ nL X BesH + 1Y Accof -HYAH'QH

(1

Y P
@x U2+ 8y | 3XUL 33p 4 )
" )




Calculate the heat of combustion of7thene

KZH = CH,(g) + 30,(g) —» 2C0,(g) + 2H,0(I) A;,H = ?
The bond energy data are given below
—C=C=619 k] mol™ H

O
HH + BEHE T QX[O:C:O} -hl{n/ \)

C-H=414kmolt > <=
0O =0 =499 k] mol?
C=0=724 K] mol!
__O—H =460 k] mol™ ATDB.uno b .

ol
fnss A= | ux BeyH' 41X AczcH® +3X Do o]~ | wx Besot™+ Un B ol

sy
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If enthalpy of atomisation for Br,(I) is x k]J]/mol and bond enthalpy for Br, is
y k] /mol, the relation between them: (JEE Main 2020 (Jan.) Shift -1)
_\ |
SX=
j isx=y
7 \\' does not exist
B > ATDB.uno
/; % ISX>y
o /”

/
\

ISX<y

\\J"

Ans. |[C]




Enthalpy of solution of a substance

is the enthalpy change when one

The enthalpy of solution at infinite
dilution is the enthalpy change
observed on dissolving the

mole of it dissolves in a specified A TDB .yn@ubstance in an infinite amount of

amount of solvent.

K(Q(g\\— SHQO(g\ —y ‘<(~Q'§H?_O(S)
k(J'S\* ‘OH&QM\) — |<d"0Hlors)
\v\/\,\,\,\

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

solvent when the interactions
between the ions (or solute
molecules) are negligible.

KA (o) + iy e K“QU’T')
SOy (o) 108 — 50y (ap).
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quH = AHathice AHHJJ.
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Nadisy —s NqTfa\ +(j(3) \ Pyt — ALHO( Nad,s)
L ' .

K@iy — Klegyteg, 3)
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ENTHALPY OF NEUTRALIZATION ‘

» The amount of heat released when one gram equivalent of an acid is
neutralized by one gram equivalent of a base.
Or

» The amount of heat released inAoT g8 o ;9ipone mole of water when an acid is
neutralized by a base.

)

~ For SA + SB this heat of neutralization is always equal to/~13.7 kcal/&s r

—-57.1 k] /rest. <9 -

for any other combination of acid and base this heat is less than —-13.7
kcal/mole or -57.1 k] /mole.

AAAAAAAAA
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L-R. = NgoH.

ATDB.uno

¥ CHylsoH + NAOH —s CH GroNa+ Hg0  AyH = ~13-d Keof,
(se) '

Sty b\ DS 1374133 9 05 kawy

|




AH? of water is —285.8 K] mol~. If enthalpy of neutralization of monoacid
strong base is —57.3 k] mol, AH,° of OH~ ion will be [ A{"H (A = O g

") —228.5 k] mol™! H'+ o —= Ha®  QH=-5%32K] }/

- O
4’//“\\ t AXHO: 116 H (H O)]"' l AFH ('__”.)‘f* A.FH (OH)
. B, 2285k R 2
%o’ SRR ATDB.uno

st r i
7N —S+.d = — g - -
‘f(,/\ _’;jl 114.25 k] mol! T 2858 s Ot+=%
—~ X - —R858+57 3

| —114.25 k] mol-1 )

J

Ans. A
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T
The Enthalpy of neutralization of acetic acid and sodium hydroxide is —55.4
k]. What is the enthalpy of ionization of acetic acid?

7\ - 9._66G.
‘:t.,/A Y -5.54K 514934
X- ;_'7 — '\" . ﬁ
I +5.54 k
-' ' ATDB.uno
+1.9 K]
‘jﬁ:/s\i] -1.9K]

Ans. C
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Heat of neutralization is least when

/7 \
{ A} NaOH is neutralized by CH,COOH
\‘\._‘ '_'.f’/

P/ . :
. B ;) NaOH is neutralized by HCI

.Uno
NH,OH is neutralized by CH,COOH

ol | NH,OH is neutralized by HNO,

Ans. C




ENTHALPY OF (gansition .

» Enthalpy of transition is the enthalpy change when one mole of one allotropic
form changes to another.

» For example:

ATDB.uno
C(graphite) - C(diamond) AH, " =1.90 k] mol!




@ WHEAT OF HYDROGENATION OR ENTHALPY OF HYDROGENATION

» It is the enthalpy change when one mole of unsaturated compound is
converted to saturated compound.

» Itis always exothermic.
B.uno

(He =(Ha  4(Hg }—> (Hy-Chs
( 0nsotureded) (Soduwaded)




Ce = (C =
ACP-— DHTQ\—- L\Hr, Ace (P)M“M <P>Kud-avd-5

la— T, Ay - @V)Wvdud’) o (C\’Wﬁtadﬁ\d'\
AC\/ — AUT&'— AéI,DSUﬂHH - 6‘«”\0% d,\_g\,\xg 03 T]
la-T, AH1y = ot Ta
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* @ Spontaneous Process

An irreversible process which has
a natural tendency to occur on its
own or after the proper initiation A
under the given set of conditions
and can be reversed by some
external agency only, is known as Water flows spontaneously
spontaneous process. from higher level to lower level

T
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Is decrease in enthalpy a criterion for spontaneity ????
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Entropy is a thermodynamic
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ATI

function which is used to
measure the extent of disorder
or randomness



Entropy is a

thermodynamic function

which is used to measure

the extent of disorder or
randomness.




*»* Heat added to a system at lower temperature causes greater randomness
than when the same quantity of heat is added to it at higher temperature.
This suggests that the entropy change is inversely proportional to the

temperature. '
e Ay Orarge (45 ) X _:‘—)
Teg ¢ e
e B J T:,\go (}
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The true statement amongst the following is:
(JEE Main 2020 (Jan.) Shift -2)

o —— —

Both S and AS are not functions of temperature.

_\\ ATDB.uno

/, 1 . - - .
‘;{ C || Sisnota function of temperature but AS is a fuction of temperature.
\\-_-;7'
43//‘-::%\ . - . .
;..\\ D | Sisafunction of temperature but AS is not a function of temperature.
~

Ans. [A]
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N2 (g) +3Hacg) — TN R (g) RS
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* Disssubont Nod), A= vk

x* Haig) — aHig) as=+0-

2 (P316) 5 (04 + 00”3
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2"9 Law of Thermodynamics

For any isolated system, entropy of the universe always increases.

OSToha) > O —> Spoctanesus frocers

4

DSTede) < O ﬁNOW’S’e‘OT:DBQ"LL@%ng
ASTpr: O ‘ ( Eﬂ)
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d 4, = nCpdT 3. Reversible Isobaric Process:

ATDB.uno

mo\quwr@fach ot-(onstawd Py

e




@ )} Entropy change in Various Thermodynamic Process

4. Reversible Isochoric Process:

&‘i = h(vd ¥

- %\TD%}JOY%OY\ Cv 'ij!o T:_i)

N

Molag head-Gopa tity o Constand
\tolume .




Entropy change in reversible Process

For an isothermal reversible process, a system absorbs heat (q) from
surroundings at temperature T.

A Ssys. AE_DB.uno

—~J

=
ASsyyy. = = A
7

BSTokd = ASspt B Ssuyy,.
\AB(@M :.()] Q—Bj'




Let heat (q) flows from surroundings at temperature T, .
temperature T

divg = % BSTo) $0
ATDBT#NO _ W

BSswv- - - 1

p———

Touw .

to a system at
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Predict in which of the following, entropy increases/decreases:
(i) Aliquid crystalhzes intoasolid. As=-V.

(ii) Temperature of a crystalline solid is raised from 0 K to 115 K.

_(:)7\_5_9 | —5

ATDB.uno

» 5= PR .
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During which of the following processes, does entropy decrease?
(1) Freezing of water to ice at O"C}ﬁ A5 z-Ar¢-
(2) Freezing of water to ice at -10°C | A5 =-V€ . W W &l
177979
‘ |

(3)N2(g) + 3H,(g) - 2NH;(g) > 85~ -2 ?
(4) Adsorption of CO(g) on lead surface | 35"
(5) Dissolution of NaCl in water ) (]EE Main 2021 (March) Shift -2)

( 1, 2, 3, and 4 only ATDB.uno

| 2 and 3 only
. 1and 5 only

-
. D ;) 1 3 and 5 only
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The process with negative entropy change is (2019 Main, 10 Jan II)

| synthesis of ammonia from N, and H,

| dissociation of CaS0O,(s) to CaO(s) and SO,(g)
5 N
N\ ATDB.uno &

C . dissolution of iodine in water

) sublimation of dry ice
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The direct conversion of A to B is difficult, hence it is carried out by the
following shown path

E 20 > [

gor‘ g-—ZD ASpsp = DT30-0 D G-
/ -

Given that AS;, _,. =50eu
AN =30 eu
(C— D)
ASg _,p) =20 eu whel'%,-l;[u)g 'e%prgpy unit
Then, AS(A »p) IS (2006, 3M)

f“\.
\\/

Zo N
\\/

+ 100 eu

- 100 eu

Ans. |B]
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Entropy change in Phase Transformation i

Molar Entropy of Fusion:

S o ,AS:@')L’—<S)S

ATDB.uno
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Molar Entropy of Vaporisation: L — &
64= (R)o-08) .

QSDVQP‘ ) q/vQ%A_TDB.uno

em——

g =38 &P .




Molar Entropy of Sublimation: < — ¢

NS = CS)C' "(S)S.

ATDB.uno
ASsly = CDSQL.

Sal i Bdbh'mdwbn
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What is entropy change for the conversion of one gram of ice to water at 273
K and 1 atm pressure? Given that enthalpy of » Wm is 6 K] /m mol

\ ,
Ans > S =¥ A A S,7 AHM

T.F = Q}BK

el T .

QHWLP- = GKI/MO{’ATDB.UHO /3 RRLL

21>
1y —s ¢KT
o A% ey £
% 5 K
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@ )} Gibbs energy and spontaneity

*** Neither decrease in enthalpy nor increase in entropy alone can determine the
direction of spontaneous change for these systems. For this purpose, we
define a new thermodynamic function the Gibbs energy or Gibbs function
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For the reaction at 298 K, 2A + B —» C, AH = 400 k] mol-! and AS = 0.2 k] K1
mol-!. At what temperature will the reaction become spontaneous
considering AH and AS to be constant over the temperature range?

ATDB.uno




) Gibbs energy and spontaneity

Note:

** AG is the net energy available to do useful work and is thus a measure of
the ‘free energy’. For this reas%,l-l a own as the free energy of the
reaction. blB lj?]lf)n

B




" @ ) Gibbs energy and spontaneity




» The standard Gibbs free energy of formation (G;°) of a compound is the
change of Gibbs free energy that accompanies the formation of 1

mole of a substance in its standard state from its constituent
elements in their standardAth{ed3 .UNO
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Match List - I with List - 11 (JEE Main 2022 (June) Shift-1)
List -1 List - 11

(1) Spontaneous process (i) AH< 0

(2) Process with AP =0, AT = ii) AG;p <0

(3) AH, .. qi0n i3i) Isothermal and isobaric process

(4) Exothermic process iv) |Bond energies of molecules in reactants]-

|[Bond energies of product molecules]
Choose the correct answer from the ghf[dDiyen below:

N

WA (1) - (i), (2) - (1), (3) - (v), (4) - (i)
N

J (1) - (ii), (2) - (iii), (3) - (iv), (4) - (i) /

(1) - (i), (2) - (iii), (3) - (i), (4) - (iv)

*\//

1D (1)-(1), (2) - (1), (3) - (iii), (4) - (W)?g




Assuming ideal behaviour, the magnitude of log K for the following reaction
at 25°Cisx x 10-1. The value of x is (Integer answer)\

3HC = CH(g) = C6H6(f)
[Given: AG° (HC = CH) =-2.04 x 10°] mol™*; AG°(C,H,) = -1.24 x 10° J mol* R

=8.314 ] K mol-1} (JEE Main 2021 (Feb.) Shift -2)
’_)_Q_S_:;o AVG - —9-303 RTM'Dm_DE| = 8|<
A‘G 6][‘6 ((GHG) — | 8% BfCO( (le)]

Aye® = ( ‘leo") [ X (- <=9~0HNOS)]

Ans. [855]
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For a chemical reaction A + B2 C + D (AH® = 80 k] mol!) the entropy
change A _S® depends on the temperature T (in K) as A S® = 2T (J K-'mol-1).
Minimum temperature at which it will become spontaneous is K.

(JEE Main 2021 (Feb) Shift -1)
H w5

ATDB.uno

Ans. [200]




For a dimerization reaction, 2ZA(g) — A,(g), 5”3 S 9 =) -]
at 298 K, AU® = -20 k] molI, AS® = -30 ] K''mol-}, then the AG® will be
(JEE Main 2020 (Sep.) Shift -2)

ﬂn$ =

cm—-

—

M; DH-T A

-

S—

)

II

BT] - Ma RA%TDB.uno

Ans. [-13538]
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A process will be spontaneous at all temperature if
(2019 Main, 10 April 1)

AH A
>0and AS <0 AG - AH- TAS.

AH<0and AS>0
NC- Q.

ATDB.ure——
“CY AH<0and AS<0

D | AH>0and AS>0
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The reaction, MgO(s) + C(s) —» Mg(s) + CO(g), for which A H° = + 491.1 K]
mol*! and A S° = 198.0 JK! mol-}, is not feasible at 298 K. Temperature
above which reaction will be feasible is

4/\\‘

.\\ / 2040.5K

4 a\' 1890.0 K Hi ATDB.uno
’(\ / ——

YN

2380.5K
\\j 380.5

| 2480.3K

Ans. |D]
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The standard reaction Gibbs energy for a chemical reaction at an absolute
temperature T is given by, AG° = A - BT Where A and B are non-zero
constants. Which of the following is true about this reaction?

|
Endothermicif, A<Oand B> 0

Exothermic if, B<0 AT
Exothermicif A>0and B<0

Endothermicif, A>0

B.uno
b Aq -\

2GR\ T <~

(2019 Main, 11 jan II)

Ans. |D]
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A process has AH = 200 ] mol-! and AS = 40 JK-! mol-1. Out of the values given
below, choose the minimum temperature above which the process will be

spontaneous (2019 Main, 10 Jan 1)
4/ \\‘
,\\ / 20K
O ATDB.uno
N
/C\\' 5K
Nt /
‘DY 12K =
N/
Ans. [C]
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For the process H,0(/) (1 bar, 373 K) - H,0(g) (1 bar, 373 K), the correct set

of thermodynamic parameters is (2007, 3M)
7\
.Q'\\‘—\ jl AG=0,AS=+ve
R
':'{B s AG=0,AS=-ve
= ATDB.uno
/‘“\‘
{C Y AG=+ve,AS=0
\\\_-_/
/‘_’._"_“\
czl/D\/:l AG =-ve, AS = + ve
N
N
i Ans. [A]




@ } Third Law of Thermodynamics

“*The entropy of a perfect crystal at a temperature of zero Kelvin
(absolute zero) is equal to zero.

At a temperature of zero Kelvin, the following phenomena can be observed
in a closed system:

e The system does not contain arfx hd23 410

* All the atoms and molecules in the system are at their lowest energy points. -

*+» There are certain substances which possess certain entropy given at
absolute zero. This entropy is known as residual entropy or Frozen
disorder.

grme g
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