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Some Basic Terms in Thermodynamics

Types of Boundaries
» Areal boundary is also called a wall. The types of walls are as follows:

i g

Rigid wall: Non-rigid wall: Adiabatic wall: Diathermic
The wall (boundary) The wall is The heat can’t be wall:
is immovable movable exchanged across The heat can be
the wall. exchanged across
the wall.
Example: Air in a flexible balloon (flexible boundary) while air in a room (fixed
boundary).

» Boundaries can be adiabatic (non-conducting) or diathermic (conducting).



c , Some Basic Terms in Thermodynamics )

Keep it in mind

Closed Isolated

Matter
exchange

Energy
exchange




Some Basic Terms in Thermodynamics

Table: On the basis of composition, there are two types of system.

Homogeneous System

A system is said to be homogeneous
when it is completely uniform
throughout. A homogeneous system is
| made of one phase only.

Heterogeneous System

A system is said to be heterogeneous
when it is not uniform throughout. It is
made of two or more phase.

Examples: A pure solid, mixture of
gases, true solution.

l

Examples: Colloidal solutions,
suspensions (insoluble solid in contact
with a liquid), a solid in contact with its
liquid state (ice = water).




QUESTION )

What is thermodynamics?

%tudy of the relationship between heat and other forms of energy.
Study of the conversion of chemical energy to other forms of energy.
@ Study of the relationship between mechanical energy to other forms of ene?(

@ Study of the conversion of mechanical energy to other forms of energ?(



QUESTION )

Statement I : System is a part of universe.\//
Statement II : System is a part of surroundingX

@ Statement | and Statement Il both are correct.

Statement I is correct but Statement II is incorr%

@ Statement | is incorrect but Statement Il is correct.

Statement I and Statement Il both are incorrect.



QUESTION )

A system is said to be heterogeneous when it;

@ is completely uniform throughout. ><

is consist of one phase only.><
@ is not uniform throughout\/\/

@ has uniform composition throughout. ><



QUESTION )

System that cannot exchange both energy and matter with the surroundings
is called;

@ open system.
closed system.

@ isolated syster\n/’
@ None of these.




QUESTION )

Match List-I with List-1I to find out the correct option.

\%-IV, B-I1L, C-V, D-I, E-II A-1, B-11L, C-IV, D-V, E-II
@ A-1. B-I1, C-IV. D-V, E-1II A-I1, B-IIL, C-1V, D-1, E-V



QUESTION )

An isolated system is that system in which;

@ there is no exchange of energy with the surroundings.

there is exchange of mass and energy with the surroundings.

@ there is no exchange of energy and mass with the surroun%/

@ there is exchange of mass with the surroundings.



QUESTION )

A system that can exchange only energy but cannot exchange matter with
the surrounding is known as;

@ open system.
isolated system.

@ closed system/
@ None of these




@
v
» The state of a system means the condition in which the system is present. It is

defined by specifying some measurable properties of the system like pressure,
volume, temperature, etc.

State of a System:



(Ry)
State Function N\

» The thermodynamic properties whose values depend on the state of the system.



QUESTION )

In thermodynamics, a quantity whose value simply depends upon the initial
and final state of the system is called;

@ thermodynamic quantity.

@/s/tate function.

@ adiabatic quantity.

@ path function.




QUESTION )

A thermodynamic state function is;

@ one which obeys all the law of thermodynamics%

a quantity which is used in measuring thermal changes}(

@ one which is used in thermochemistry.\/

@ a quantity whose value depends only on the state of the systeW



QUESTION )

Which of the following is not a state function?




QUESTION )

Which one of the following statements is false?

%Nork is a state function.
Temperature is a state function.

Change in the value of state function is completely defined when the initial and
final states are specified.

@ None of these.




QUESTION )

—

Enthalpy is a;

state function.
@ /

path function.

@ Both (A) and (B).

@ None of these.



—)
‘Dem%; Y ;Qm?@\gdm
g Jome DQD&\‘%
= oUw indax

(T

= QX lengire
Sxtengive

e

= ndengive
\0\ nS'PN")

N0

R

gy




Intensive Properties:
» Functions or properties that are not mass or size dependent on the system.
» These are not additive in nature.

(i) Temperature

(ii) Density

(iii) Specific heat

(v) Melting point

(iv) Surface tension

(vi) Boiling point



Extensive Properties:

» Functions or properties of the system that are dependent on mass or on size of the
system. These are additive in nature.

i) Mass

(ii) Volume

(iii) Internal energy

(iv) Entropy

(v) Enthalpy



QUESTION )

Which of the following sets contains only extensive properties?

@ Mole, volume, pressure

@,U,VJ
(©) Tev

Density, entropy, heat capacity

‘-\




QUESTION )

Which among the following state functions is an extensive property of the
system?
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used in a more general way.

» Thermodynamics is a branch of science that deals with the quantitative

study to thermodynamics of chemical processes, it is referred to as chemical
thermodynamics.

» Thermodynamics is not concerned with the total energy of the body but only with



Ry

Applications of Thermodynamics:

>

------------------------------------------------------------------------------

reaction.

If in a chemical reaction, equilibrium is going to get attained, then what will be the

equilibrium concentrations of different reactants and products, can be calculated
with thermodynamics.



Limitations of Thermodynamics:

..............
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Calculate the number of k] 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 | mol-! K™!

20 R
= X 20
‘Qq’xﬁl"t = 3§00=|066~663
5’3 =

=1.06% Ky
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~ QUESTION )@ @

Calculate the enthalpy change on freezing of 1.0 mol of water at 10.0°C to
ice at -10.0°C.

A, H = 6.03 k] mol!at 0°C. _030-36% e
C [H,0(1)] = 75.3 ] mol-1 K- O \vhod = ~¥h3 L _3-161 K]
C[H,0(s)] = 36.8 ] mol-' K1 \
SH. : o :
i L \JOO-’UQT"Q_C |Ce a4 - 1D C
N
Q.= 040, & b=
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D N
~ QUESTION ) @

Quantity of work (in joules) done by the gas if it expands against a constant
pressure of 0.980 atm and the change in volume (AV) is 25.0 L, is

@ 24.5] M - PAV
2 0-9%%xdhH A~ o)
248 ]
0 = o-ﬁ(gg;(ag xlol-3 i

%.48 x 103 ] L

@ 0.0245 ]
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. QUESTION ) @

One mole of an ideal gas at 25°C expands in volume from 1.0 L to 4.0 L at
constant temperature. What work (in J) is done if the gas expands against
vacuum (Pexternal s 0)1

@ _4.0 x 102 ) = - Pext BV

-3.0 x 102
@ 1.0 x 102




QUESTION )

An ideal gas expands in volume from 1x 102 m? to 1 x 102 m? at 300 K
against a constant pressure of 1 x 10° Nm2. The work done is-

(%9001 T D
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Zeroth Law of Thermodynamics

This law states that.
“Two objects at different temperatures in thermal contact with each other tend
to move towards the same temperature”
or
“When two bodies A and B have equality of temperature with a third body C,

they in turn have equality of temperature with each other”.
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Thermodynamic Equilibrium

Mechanical Chemical Thermal
Equilibrium Equilibrium Equilibrium

When there 1s no When Rate When temperature
macroscopic movement of forward of system =

in the system. reaction = Rate temperature of

. . of backward surroundings.
reaction. S0°C
5 O
cle | —= | |m

. I




Internal Energy (U)/|f)

However, change in internal energy (U) can be measured when the system

changes its state.
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Characteristics of Internal Energy

! - W)
— Extensive property /C*éd'/ym/

— State property
— Does not depend on the path r *
— :

o

— No change in a cyclic process.

%/Z\): Ug_md = \)"(\\H% (A Sle M\ﬂ\ e




QUESTION )

The internal energy change when a system goes from state A to B is 40
k]J/mole. If the system goes from A to B by a reversible path and returns to
state A by an irreversible path what would be the net change in internal
energy.

®<40k]




First Law of Thermodynamics




Mathematical Formulation

The change in internal energy can be brought about in two ways.
(i) Either by allowing the heat to flow into the system (absorption) or out of
system (evolution).

(ii) By doing work on the system or the work done by the system.

{A\)-‘- EQ-HA‘) e@\& Sign canvention, C«“U)\a-
ok
O A syl absoks =70} hea and doen o vibehd 50 1 uohak wuil be AV

@? N= Q+w

= +3g0-hp - 130




QUESTION )

Identify the state functions among the following-

ORIV
OLRY
%+w:ﬁ0j
®) a/m




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

>t DL - Fol—39Y

7307

QB rie g (B0) o KT

TQM\)~ \f\ﬁmse)i | (QT:T,\,‘N——" \ﬂ\)f,z.§70 ; TA\O 0 (Mkmd enuf)&‘mc.)
Rap deces (AT =Tisnot oo, Ay <0 (inferral ir des)




TN ) &

A sample of liquid in a thermally insulated container (a calorimeter) is
stirred for 2 hr. by a mechanical linkage to a motor in the surrounding, for
this process 0

®w<0;q=0;AU=O DU =&+

f mMS ‘e
W>0;q>0;AU>(?< '
@w;q:o;ww
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It is a slow process going thorught a series

equilibrium _between

surroundings.

A reversible process can be made to
proceed in forward or backward direction.

Z S\
Reversible Process Irreversible Process }

In this process the system attains final
stage from the initial state with a
measurable speed. During the

maintained between the systems and the
surroundings.

Irreversible process can take place in one




Reversible Process

3

Irreversible Process

Work done in an irreversible process is
lower than the same kind of work done
in a reversible process.

An irreversible process cannot be
brought back to its initial state without

making a change in the surroundings.
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~ QUESTION ) @

One mole of an ideal gas at 300 K is expanded isothermally from an initial
volume of 1 litre to 10 litres. The Change in Internal Energy for this
process is (R = 2 cal mol''K1)




QUESTION )

—

In which process net work done is zero?

%othA&B



o N
~ QUESTION ) /WO @

When 1 mole of gas is heated at constant volume. Temperature is raised
from 298 to 308 K. Heat supplied to the gas is 500 J. then which statement
IS correct?

@q=-w=5001,AU=9<
@:Au=soo;,w=0%




QUESTION )

The net internal energy change in reversible cyclic process is:

@ 3/2 RT p




710 N
. QUESTION ) @

In a given process on an ideal gas,[dw = @nd c1q/<\0) Then for the gas,
¢ 0
\@4}1e temperature will decrease. AVER i

S T
—\v&
The volume will increase. N\

@ The pressure will remain constant.

@ The temperature will increase.



QUESTION )

A piston filled with 0.04 mol 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])/mol K, In 7.5 = 2.01)

q=+208],w=+208]
% +208], w = -208]
@q=-2081,w=-2081

®q=-208],w=+208]




710 N
. QUESTION ) @

A given mass of gas expands from the state A to the state B by three paths 1,
2 and 3 as shown in the figure. If w,, w,, and w; respectively be the
magnitudes work done by the gas along three paths then

w1>w2>w3 p

1

Tyl

A
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. QUESTION ) @

One mole of an ideal gas at 300 K is expanded isothermally from an initial
volume of 1 litre to 10 litres. The E for this process is (R = 2 cal mol''K!)




QUESTION )

—

In which process net work done is zero?

@ Cycli})<

@Isochoric

%ee expansion
@ Adiabati}>§
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~ QUESTION ) e @

/

When 1 mole of gas is heated at constant volume. Temperature is raised
from 298 to 308 K. Heat supplied to the gas is 500 J. then which statement
IS correct?

@q=—W=SOO],AU=O

&
q=AU=500],W=O 7
@q=W=SOO],AU=O

@AUzO,quz-SOO]




QUESTION )

A system is in thermodynamic equilibrium if it is in:

@ only thermal equilibrium.

chemical, mechanical and thermal equilibriury,~~

@ only chemical equilibrium.

@ only mechanical equilibrium.



QUESTION )

A cup of tea placed in the room eventually acquires room temperature by
losing heat. The process may be considered close to:

@ cyclic process.

reversible process.//

@ isothermal process.

@ None of these




QUESTION )

Match List-I1 with List-1I to find out the correct option.




QUESTION )

An irreversible process is characterized by;

@ the system returning to its initial state after completion of the process.
a continuous decrease in temperature of the system.

e inability to completely restore both the system and its surroundings to their
initial states.

@ the absence of any heat transfer during the process.



QUESTION )

In which of the following processes, the pressure of an ideal gas remain
constant?

@ [sothermal expansion

Isobaric compressiop—.

@ Adiabatic expansion

@ Isochoric heating



QUESTION )

During an isochoric process, 400 ] of heat is added to a system. How much
work is done by the system?

@
400]
@ ~400]

@ Cannot be determined
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QUESTION )

Assume each reaction is carried out in an open container. For which
reaction will AH = AU?

PCl:(g) > PCl;(g) + Cl,(g) — 5(8’/0(2‘ o d
2C0(g) + 0,(8) > 2C0(g) — Drg =A-3 -C\)

@7}12(8) + Br,(g) — 2HBr(g) ,—-n/)(\é - - =0

(D) C(s) + 2H,0(g) - 2H,(g) + CO,(g) — “&\3" 19+ |
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. QUESTION ) @

For the reaction, C;H:(g) + 50,(g) —» 3CO0,(g) + 4H,0(l) at constant
temperature, AH — AU is

®+RT (0H~Au: AncarRD
|

—3RT// @%Q QT
@ +3RT = ok
@ -RT




71 N

The value of enthalpy change (H) for the reaction

C,H:OH(l) + 30,(g) — 2CO,(g) + 3H,0(1) at 27°C is

-1366.5 k] mol-!. The value of internal energy change for the above
reaction at this temperature will be:

@ ~1371.5K] AV= M'A”(’r' ul
AV 13665 - (-1)x%34 w300

~1369.0 k] vy

W= -13ees 425

@—/1364.0 K] AT 3.0
@ ~1361.5K]




1y

One mole of a non-ideal gas undergoes a change of state (2.0 atm, 3.0 L, 95 K) -
(4.0 atm, 5.0 L, 245 K) with a change in internal energy, AU = 30.0 L atm. The
change in enthalpy (AH) is the process in L atm is:

@ 40.0 Nh= HL 4—(@(\/&_ P( \/\)
(B) 423 D= 30 1w [y = 312)

720114 = 4y

@ Not defined, because process is not constant




QUESTION ) \
a=\"

= S
For a gaseous reaction; N,0,(g) - 2NO,(g) Aj/
@ AH and AU are equal.

AH - AU =RT



o N
~ QUESTION ) QY

The latent heat of vapourisation of a liquid at 500 K and 1 atm pressure is

10.0 kcal/mol. What will be the change in internal energy of 3 moles of the
liquid at the same temperature and pressure?

27.0 kcal
% [ A= 'q(a) [ WE AH,Ar\gm
13.0 kcal CX;(T |—0= - w-—@ﬂ)x__«'l:x%v@'

(©) -27.0 kel k = 30-3- a% <ca)
@ -13.0 kcal




QUESTION )

For which of the following reactions, AH and AU are equal?
(i) H,(g)+;02(g) > H,0()

(ii) H,(g) +1,(g) > 2HI(g) — £19- &-A~V

(i) C(s) + 0,(8) > CO,(8) — .y, - 1- [~

(iv) 7 N,(g) +;H,(g) — NH;(g)
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~ QUESTION ) @

The maximum work obtained by an isothermal reversible expansion of
1 mole of an ideal gas at 27°C from 2.24 to 22.4 L is (R = 2 cal K mol?)

. 224
Wiggey: —3- 30X X230 )%%__19
-600 cal = —2-303%bM Cal

@ _138.18 cal
@ -690.9 cal

-1381.8 cal
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. QUESTION ) @

2 mole of an ideal gas at 27°C expands isothermally and reversibly from a
volume of 4 litres to 40 litres. The work done (in kJ) is:

S—— =

w=-28.72 K] T 09V
@ Wigo, o= ~ 2303 i ?r—ﬁ
\% = —11.488 Kj Se = 9\303\2)(3’9\1 . 3@ ’Da E
069
@ W =-5.736 K] T 22, iy

w = -4.988 K|
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. QUESTION ) @

Two moles of an ideal monoatomic gases are allowed to expand
adlabatlcally and reversibly from 300 K to 200 K. The work done in the
system is (Cy = 12.5 ] /K mol)

-12.5K] Wodti = NCy AT
= gxia s (2w -2%)
(®)-254 o bk
9 ,a\rjx\d\') 3
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QUESTION ) % @

- -
What is the final temperature of 0.10 mole monoatomic ideal gas that
performs 75 cal of work adiabatically if the initial temperature is 227°C7

(use R = 2 cal/K-mol) L“‘“ 25 "JD o ELEL
=5 i
®zs) %k
i Woay = R (o T)

A =
@ 350 K FA5= o0 sops
B
@ 750K ;7 %’* L= 50D
25y =T, -

=5
=32k






\ - CM \\ AR
i
~ QUESTION ) P {ohff AR @

A gas expands adiabatically at constant pressure such that TV'/2, The value
of (C,/C,) of the gas will be:

.
@ 1.30 TV % = toevdond
T\IY'\:CMG.\A?'
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Which amongst the following options is the correct relation between change
in enthalpy and change in internal energy? [2023]

= %

@ AH - AU = -AnRT



QUESTION )

P
e
Isobaric process is represented by:

Ok
OL
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~ QUESTION ) @

The work done on the system when one mole of an ideal gas at 500 K is
compressed isothermally and reversibly to 1/10" of its original volume is;
(R =2 cal)

O 15.1 kcal o tw: ~2-3m3x | % 2% 5T )DJG‘B)

S y3.
@ 25.03 kcal < Boyx 1000 (g

R P 2 TN Ky
@2.303 kcal




71 N

At constant temperature for the reaction C;Hg(g) + 50,(g) — 3CO,(g) + 4H,0(¥),

AE - AH is: A(\a-;g'"bz @
@ +RT DM~ BV NG RT
iann AV -AH= ~Ana RT

RH e R P

@ +W = IR
o
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~ QUESTION ) @

Heat of reaction for CO(g) + %20,(g) — CO,(g) at constant V is -67.71 kCal at
17°C. The heat of reaction at constant P at 17°C is:

@680k€al &P; BH= LU+ A0y R |
- =03 Ly %290

+68.0 kCal 2 1000

@ -67.42 kCal
@ None




QUESTION )

For which change AH # AE:
(R) Hy(g) +1,() = 2HI(g)

HCI(() + NaOH(£) - NaCl(s) + H,0(()

(©) cis) + 0,(8) - CO,(g)

(B N,(&) + 3H,(8) - 2NH(g)



710 N
QUESTION ) @

When 229 ] of energy is supplied as heat at constant pressure to 3 mol
Ar(g), the temperature of the sample is increased by 2.55K. Calculate the
molar heat capacity at constant volume:

&f; Q\Qjaj‘zﬂcpﬂ'l
-1 =1
@ 30 k] K-! mol 924- MlpX 255
Ay
=1 | ( -—K < 9\9\(5 - Q\q \)
o) 5= mgt Q? ‘ CP 2% 99

@ 21.7]1«@%’ nqq s i

k = Q.69
(®) 21714 K- mol- )




710 N
. QUESTION ) @

Calculate w for the isothermal reversible expansion of 1 mol of an ideal gas
from an initial pressure of 1.0 bar to a final pressure of 0.1 bar at a constant
temperature of 273 K:

\/\.)‘ = — .40 ﬂp\T }/0 P’
@/_/52272] 1$0, ¥ -3 D 8@
- iy . \
+5227. Q305X \X R34 X Q3 ,w&@
Xe

Rg it ey
@ _2257]

. +2257 D(
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~ QUESTION ) @

For a reversible process at T = 300K, the volume is increased from V, = 1L to
V= 10L. Calculate AH if the process is isothermal-

@ 11.47 kJ AH?AV"’DB

@ _11.47 K]
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Limitations of First Law of Thermodynamics ) =
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Entropy (S)

- - -
----------------
.................................................................................



— I
> If the temperature of a system increases, entropy increases.

:) If the temperature of a system decreases, entropy decreasesu

=

= For a fixed volume system, entropy increases if the number of molecules is increased

............................................................................................................................

and vice - versa.

\.——-——"

= Entropy of more complex molecules is larger than those of simpler molecules as in
more complex molecules there are more ways of arranging atoms in 3D (i.e. more

randomness).



Ry

s Entropy of compounds with similar molecular masses increases (with increase) in

their sizes. Lsi 2T ¢ '0

= Entropies of ionic solids becomes larger as the attraction amongst the ions become

weaker.- b ot > S Mg,

IMF 5 a0 < M%U %
= Harder substances have smaller entropies than softer substances.

€.8- Sc(diamond) < Sc(graphite) < OFe < a1 < Sna






QUESTION )

In which reaction AS is positive:

@ H,0,, — H,0,— A<V

30,0 —> 203 — OSSP
@ H,0., — H,0,, H A$ 70

@ Na(g + 3Hy — 2NHgl) 49




QUESTION )

Which of the following reactions is associated with negative change in
entropy?

@ 250,(g) - 250,(g) + 0,(g) — AS7V
CHy(g) > C,H,(g) + Hy(g) — 057"

@ 2C(s, graphite) + 0,(g) > 2C0O(g) &7V

%zﬂz(g) > CeHy(l) — 540




: <
: a
3 &
fropmen D
AS= NG N1\ g 02 \soche frocwe Vezw)

NS = NG MTL

* (‘P *Ql\%>+f\?\ 91\% \? 1&0&2;%0”, Qg') )
‘ -MPInT
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~ QUESTION ) QY

The enthalpy of vaporization for water is 186.5 k] mol-!, the entropy of its
vaporization will be-

_ DMy
% k] K-1 mol-! Aj“"{’ 3 EP;)P
1.0 k] K-1 mol-! o A 4

35
@ 1.5 k] K-1 mol-!

@ 2.0 k] K- mol-!




710 N
. QUESTION ) @

Calculate the entropy change in melting of one gm ice at 0°C if latent heat of
ice is 80 cal/g-

7559 ¥
@ 80 Cal K-! ey

%3 Cal K-!



710 N
. QUESTION ) @

If S° for H,, Cl, and HCI are 0.13, 0.22 and 0.19 K] K! mol! respectively. The
total change in standard entropy for the reaction H, + Cl, —— 2HCl is:

iy 0 _ i
30 JK-! mol™! ok _ | () s
4 - [28), - @8,

. y

40 JK-! mol-! (85) ,..(ax019)- (o810 22)

@ 60 JK-! mol-! =0-38- 035
T OB By wd -\

-\ »,
@ 205 o 2 307 md
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. QUESTION @

5 mole of an ideal gas expand reversibly from a volume of 8 dm? to 80 dm?
at a temperature of 27°C. The change in entropy is:

——

@ 41.57 JK-! e, X “‘(-V-E)
Vi

-95.73 JK~ 2 2-505XH % B3Iy bo @)
%5.73 JK-1 L OS 3 230335 3\\.\>

@ ~41.57 JK-!




QUESTION )

1 mole of a diatomic ideal gas at 25°C is subjected to expand reversibly and
adiabatically to ten times of its initial volume. Calculate the change in
“entropy during expansion (in JK-! mol-1)




QUESTION )

If one mole of an ideal gas is expanded isothermally at 300 K until it's
volume is tripled, then change in entropy of gas is: o
=

@ Zero \y —dV
AS=nR An ‘_/i)
o Infinity V)

3 \XR n %
@ 5/2R In3 T R Qa2
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I S e

Reversible Isothermal

Irreversible isothermal

Reversible Adiabatic

Irreversible Adiabatic ACyfn G ) iR (:’/2)
1 1




entropy of an isolated system increases.

(AS)y=+ve or  (AS)y=0 o (AS)ymem *  (AS)gy>0

Qo Spadanesun broaw [Ag W>§> \’lﬁax . Rem'f
“« o 'Q‘)‘M)Q“CBW \M)OM#:) LA& hlal \q)) ok Qﬁ\‘“q‘\‘\\sﬁm




QUESTION )

In a spontaneous irreversible process, the total entropy of the system and
surroundings T

@ Remains constant

O Increase%



QUESTION )

Match the column:
Column - I Column - II
Adiabatic process <~ i. Y q=0

[sothermal process ->11< AH =0
[soenthalipic process 7 iii. AT =0
)

[soentropic process V. AS =0

@ a-(i); b-(iv); c-(ii); d-(iii)

a-(ii); b-(i); c-(iv); d-(iii)
(©) a-(i); b-(ii); c-(ii); d-(iv)

@ a-(i); b-(iii); c-(iv); d-(ii)




Some Famous or Extra Ordinary Examples
of Entropy Change

G‘*D (haet)
Entropy of graphite > Entropy of diamond.

In this process NH,* and CI- ions are free to move in solution where as they
are not free to move in solid NH,CI.

w Hence AS is positive for this type of dissolution process.

( On boiling of egg : Denaturation of proteins occur. Thus entropy increases.

2. |Stretching of rubber\: During stretching of rubber band its long flexible

macromolecules get uncoiled. The uncoiled form has more specific geometry
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T! b o =
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Third Law of Thermodynamics
(Also Knows as Nernst Heat Theorem)

1. All substance have same heat capacities at 0 K. \




Gibbs Free Energy ‘G’

OR
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Work

l l

PV work Non-PV work
(change in volume is essential) (change in volume is not essential)

l—l—\

Irreversible Reversible
— — Vz
W Bt gali Y W= — f PdV
P, = constant a
Pext = Pa(g) P = variable

Peyt = Pg)
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. QUESTION @

For the reaction at 300 K.

A(g) + B(g) — C(g) G
AU = -3.0 kcal AS = -10.0 cal/K A= DY

(R~ 2 cal mol ' K1) " @U+BOZR9 TS
AG is:

%00 cal - 63000 — | RQX 3 | 360 X —\D

5 — 3000 =[O +2000

-3600 cal e



QUESTION )

—

For a Spontaneous process:
@[:AG =0 aryn
D) iy
b ,{F\mbw,

@ Any of the above




# [Aa = DMK ~TASJ

70
Case-I =2 OHLO, JARS

ACx A

e

ok oM

— Qw0 spantancow
é 5 4

Ca&e-" AH<o BS<0

= A TQg

\anesun o)
o7 1bw m\)




QUESTION )

In which of the following cases, the reaction is spontaneous at all
temperatures? f ;
@AH>O,AS>O AHLO

NS 70

e




QUESTION )

The value of AH and AS for the reaction

Corapnite + 02(8) = CO,(g) are -100 k] and -100 JK™* respectively.
The reaction will be spontaneous at:
NG L0
(A) 1000 K - Bl
—100000 + Tx 160 <O
(B 00k -
[c0 T < |ooo0O
@HOOK T4 (0006~
| n—
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. QUESTION @

Standard entropy of N,, H, and NH, is are 60, 40 and 50 JK! mol?
respectively. For the reaction 1/2N + 3/2H, =& NH3, AH = -30 K] to be at
equilibrium, the temperature should be:

@500]{ NAG=0 R)NH lﬁsm + EKM){' \

AH-1AS=0
@/450 K T= AH . J300087 BSyn- 50 - )}m 2,58

JANN U')Z
o = 5% = (301 bo)
@10001( {T @ 1407




A reaction occur spontaneously. If _ ot
pa= T
X

@ TAS = AH and both AH and AS are positive>§/p -
-

@/ TAS > AH and both AH and AS are positive —
@ TAS > AH and both AH and AS are negative

Q‘} TAS = AH and both AH is positive and AS is negative 2 I~ DY

\/l/

st

e
(gt




# Standorel Givbs free enengy (562> Gjbbos free cngy a} <10 dand Condatin

\
=03
NG = m—wms) C" b“) Cr o )
NG = OH ‘-TASJ [AG NG+ RT n Q} vohen O, = ReacHon Quotiont
=TT T3
03 equilbn™. AG=0 Thfier®

R = K= e.o‘\.\\\‘bnm Conlien)y

o iAC‘ == R K -2-303 KT ,,Q,oa e
AR—T pg = — R0 <

< L @‘ DG O _, shetancon
_A_“_Vi_&- U & A\q{.\o/ ‘) ‘mwo

Ink = Ay @ @q $ve\— NS mﬁwf"ﬁ/




QUESTION )

Which is always correct at equilibrium:




o) @

For the water gas reaction

C(s) + H,0(g) — CO(g) + Hz(g)
The standard Gibb’s energy of reaction (at 1000 K) is - 8.1 k] mol-1. Value of
equilibrium constant is-

2.6

AQQ:: —2-303% R,TM&KQ
* 7-Rl00 = /2303xR 3111000 Jog Re
O
\11)3 k( = R\% =
2-232Q 314X\ ool

(©) sz L9k = 0. 3
@ 10 k(: Onh'\oa (092 %l




QUESTION )

Calculate AG® for the conversion of oxygen to ozone,
3/20,(g) — 0,(g) at 298 K.

If K, for this conversion is 3 x 10-2°, A
N

-—7—%
@ +175.3 k] mol-! MJ (X0 }—* 29+ 2og3

= —294+0-Y4¥ .

+162.7 kj mol}~ s

@ ~162.7 k] mol-! ( b= 164 5%
@ ~140.5 k] mol-!







Thermochemical Reaction

L—» Bolan ced Chamiod wx
S P\"ﬁ'ﬁ'(ﬂl grode mentioned

e AH/ Em"m %003,; s roenhonaed




Thermochemical Reaction

Eg. 2KClO3 —> 2KCl, + 30,,, AH = + x Cal

[t is also important to specify the states of all reactants and products in a reaction.

|'s” for solids, ‘I’ for liquids, ‘g’ for gases (or free atoms), ‘aq’ for solution in water].



Heat of Reaction or
(Enthalpy of Reaction) or (AH,)

=J

L L
Sndethe voue exvfhemic
QHM >g Oy L0
\“‘?‘HK7D HP VHR«D
Q”‘"ﬁ};\ [\‘ ol %
?

AL

R

_—?
¥h UVOU'AE‘ ‘In Comiif\ﬂ”



Heat of Reaction or
(Enthalpy of Reaction) or (AH,)

Example: Hy(g) + 05 = H;0(g), AHg =+~

@H)Z(g) — H30(g), AHg —79

H,(p) +02(g) = H205(g), AHg =

Note: Heat of reaction at constant pressure is AH and heat of reaction at constant

volume of AE.



Laws of Thermochemistry

O A > B A= % K [mof

B > A DH-0 = % KI/”M

@ A >B  AH= 3 logfmdf

NA—snR An- X g o

\ A ¥
™ 3.\_".\8 N‘M% ,mﬁ\




®

Hess’'s Law

= If a reaction takes place in several steps, then its standard reaction enthalpy is
the sum of the standard enthalpies of the intermediate reactions into which the

overall reaction may be divided at the same temperature.

&. Nl_\g\a‘z__’lﬂﬂs N*-‘-% /—\} NH, — I N —%_@\H?/ N = ':;-2’\_3:)

) A B
BN, I, — 6N,  AM= 3 =
1 A\d‘ A
3 i QW 4B, —2MBy  An- Z K o)
1N, +3 : —
5 - g‘t—*%“‘*g l\\/\'% iQH?x U, BN Ane (‘Zjvt?s

L; ’ . : = ~3Z
2H— Ni3H, Ale @L‘WQ)X\SB
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. QUESTION ) @

A hypothetical reaction , A — 2B, proceed through following sequence of
steps -

A —X; H=q, M= 9
2C ==2D; H=gq, A @2&( /
=B, H=gq, = el
The heat of reaction is: /}4{ 9
—— D
®Q1“QZ+ZQ3 < 2B 4 %’

n»zr&} -9 19, M‘p)
Q1+Q2‘ZQ3 k \( (

@ QI+QZ+2w
@Q1+2CI2‘2(]3
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. QUESTION ) @

The heat of reaction for A + %02 — AQO is -50 kcal/mol and AO + %02 - AOQ,
is 100 kcal/mol. The heat of reaction (in kcal/mol) for@-l- g Jg AOj will be:

®—SO A +;1):09\————3M LD =P

®/‘*50 Jo+io, — Al A= D
\ A+ 0,— Ao . +50

@ 100 \ 3. K Azt




QUESTION )

~ Consider the following process:
A — 2B; AH = +150 K]
3B—>2C+D; AH =-125K]
G+A—>2D; AH = +350 K]
For(B + D - G + 2C;)AH will be

@ +525 K] (Sawecs 2y |

+325 K]
@ 175K
®f -3251




c , Factors Affecting Heat of Reaction )



Factors Affecting Heat of Reaction

(i) Reaction Condition:

The chemical reaction sare carried out at constant temperature with either

pressure or volume constant.

At constant pressure q, = AH .,ci0n

At constant volume q,d = AE___...on

AH = AE + An RT
(ii) Quantity of Reactant:

1
Example: Hz(g) - ;Oz(g) up HZO(g) AH?_ = -x kCal mol-1

2Hy + Oy > 2H,0 AH, = 2 x (-x kCal)



Factors Affecting Heat of Reaction

(iii)Physical State of Products and Reactants:

Example: Hz(g) +%02(g) i HZO(Q) AH =-285.8 kl mol-1

1
HZ(g) + ;Oz(g) = HZO(g) AHZ =-242 K] mol-!

If the physical state of product is different then the value of AH is different.
Note: For H,0O (lig.), AH is more negative in comparision to the formation of

H,O(vap.) because when vapours convert into liquid than some heat is released.

(iv)Allotropic form: (Physical nature of reactant)
Coraphite + 02 = CO; AHg = -393.5 k] mol-!
Cgiamond + 0, = CO, AH; = =399.5 k] mol-!




Factors Affecting Heat of Reaction

(v) Temperature:

Effect of temperature on heat of reaction is given by Kirchoff equation

: AHt,-AH
(i) Atconstant pressure: [ 2L — ’C_D
T,-T,

ACPm = Z(CPm)P - Z(CPm)R

AHt = Heat of reaction at T, temperature

AHt, = Heat of reaction at T, temperature

-
AEr, —AE

(i) At constant volume} ,';,2 = LeA= ACQ
2" 11

L
ACym = Z(Cy)p — Z(Cy)r




Ry
NS
Heat change of a reaction does not depend on the number of steps used in the

reaction.

Heat change of a reaction does not depend on intermediate position, it depend only

on initial and final state.

Heat change of a chemical reaction does not depend on time of reaction.



Standard Enthalpy of Reaction

The standard enthalpy of reaction is the enthalpy change for a reaction when all

the participating substances are in their standard states.

element standord [Refernse stede

Meta Medel (s) e X(ept Ha\x) & - CM\N;}Q
b ‘\1@ S ——3 Svhmbic
O 05@; ¥ elemenk 1n Py /\)ral\douxg{/(}ed-g
g ;Lw hOVQ Zevti Mah‘m enPnan&
By Q) CW\L\)&HMM .
1 {L@) 01*)\3 0‘* 0‘/\.



Thermochemical Standard State

The reference/standard state of an element is its most stable state at 25°C and 1

S —

bar pressure .

C: Graphite; S:Rhombic;

Br as Br,(g) ; [ as I,(s);
H as H,(g) ; Clas Cl; (g);
N as N,(g) ; 0 as 0, (g9);
P : White

(Exception : Red Phosphorus is more stable than White Phosphorus)



Elements Reference State

C C(graphite)
S Sg(rnombic) (Rhombic sulpur is energy wise more stable as

compared to nonoclinic sulphur)

P P 4 (white)

O 02(8)

H Hy ()

Br Bry o

Metal M [except Hg ]

The formation reaction may be exothermic or endothermic.



Different Types of Enthalpies

[Standard Heat of Formationq (A H {D

[t is the enthalpy change when one mole of a substance is formed from its elements in

C oy as ) B
\\ \%H \LD‘\D CQLQX - {lm s




A o T BHE) 9 Reactants and froduds ane gAven,

M, AHnﬂ: Z‘@H




Ha(g) + %02(9) 5 H:0(l) AH;

| | 3
o H2(9) LA N2(g) + —02(9)—') HNO3 AHf
2 2 2 Imole
1 |
Nag + = Oz + = Hzgq——> NaOH AHs

2

2 lmole




QUESTION )

The enthalpies of all elements in their standard states are:

(iv) different for each element



QUESTION )

Which of the reaction defines molar AH°?

@ CaO(s) + CO,(g) — CaCO3(s?<
%Brzgg + %Hz(g) - HBr(g)><

3
(€) Na(g) +2Hj(8) +502(g) ~ NH;NO4(s) -

@ [,(g) + Ha(8) > 2Hl(g)><




1y

AH for the reaction,

S0,(g) + - 0,(g) = S0,(g); AH = -98.3 k]

If the enthalpy of formation of SO,(g) is -395.4 k] then the enthalpy of
formation of SO,(g) is:

| 8 T AH
~297.1K] D”““"L( )50, g 4 ( {/\so,/ 3

(B) 49371 O8-3= 3954 — (AH;)SDL

@ -493.7 k] @R’\j\gb = ~39541+9%8 3
=9
@ 297.1 K]
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QUESTION ) @

The heat of formation of Fe,0,(s) is -824.2 k] mol-..
AH for the reaction. ( e 0
2Fe,0,,(s) > 4Fe(s) + 30 IS: e
2 3( ) ( ) Y g) (9\%;2 Oa(ﬁ) ets)
@ -412.1KJ ﬂ IR L}T

~1648.4 k e
1648.4 k] Q.%Qq?))(Qi} ik%ib‘//
-3296. 8K]

@ 1648.4\k/
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QUESTION ) @

The AH°® for the reaction,
4S(s) + 60,(g) > 4S50, (g) is -1583.2 K].

Standard enthalpy of formation of sulphur trioxide is: DY b
r = —3 AKﬂ\n /L & C
(R) -3166.4K A R 805) 3
OEZ = {
Il o

@ -395.8 k] e
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Calculate the heat of formation of PCl;(s) from the following data:
2P(s) + 3Cl,(g) » 2PCl,(1) AH =-151.8 kcal

PCl,(1) +Cl,(g) > PCl.(s)  AH=-32.8 kcal 2
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Standard Heat of Combustion @E) NS

Amount of heat evolved when 1 mole of substance is completely burnt (or

oxidised in excess of oxygen.)

Example:
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The enthalpies of combustion of carbon and carbon monoxide are -393.5
and -283 k] mol! respectively. The enthalpy of formation of carbon

monoxide per mole- AH
Cae 50, Bt /C &)w
(&) 11051 fopst
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The enthalpy of combustion of methane, graphite and dihydrogen at 298 K
are, -890.3 k] mol! -393.5 k] mol-}, and -285.8 k] mol-! respectively.

Enthalpy of formation of CH,(g) will be

@34.8 k] mol-! CG e Hg\ Sy
~52.27 k] mol-! AN - @ & 9_@()‘} TCAH )u‘*f

],-, AR @KkDOHU’

@ +74.8 k] mol-! . T——qu-s , ').K—l%s'%)\j —1-8%3]
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@ +52.26 k] mol-!
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The enthalpy of formation for C,H,(g), CO,(g) and H,0(l) at 25°C and 1 atm,
pressure be 52, -394 and -286 k] mol! respectively. The enthalpy of
combustion of C,H,(g) will be- .

@ +1412 k] mol™ G&Hq + 30& = 0D ) Hla
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QUESTION )

Gy

The Bond-energies of C = C, C-H, H-H and C = C are 198, 98, 103, 145 kcal

respectively. The enthalpy change of the reaction

HC =CH + H, > C,H, is-

e
@ -152 kcal 2 oy,
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Heat evolved in the reaction H, + Cl, —» 2HCI is 182 K]. Bond energies of
H - H and CI - Cl are 430 and 242 K]/mol respectively. The H - Cl bond

energy is:

® 2151mor orar- -t [0, 164) -2,
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If bond dissociation energies of N=N, H - Hand N - H are x,, X, and x,
respectively, hence enthalpy of formation of NH,(g) is.

®x1+3x2—6x3 [LRI&*QHQJ )NH3
J, 2
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QUESTION )

The enthalpy change for the following reaction is 368 KkJ. Calculate the
average O-F bond energy

OF,(g) — O(g) + 2F(g)

184 k]/mol/~ i
L o &My ey
(B) 368 kj/mol ] A



Heat of Atomization

N Na(g);  (&Hq)=108k]/mol Pa QOB{@
a(s > Na(g);  (Hd)=108K)/mo St o
— . i pe= 2 e ——T &/6’(
H - H(g) 2H(g) ; QAHQ)H—; 435 kJ/mol QHQ 0, LB‘QQ%) (ZB
Q)B\'

CH,(g) , C(g) +4H(g); (D)= 1665 kj/mol = Y\ v (AW
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QUESTION )

Match the column:

B CO(g)+1/202(g)—>C02(g) AHO_

sublimation
C CHyg > G + 4Hg, AH?

formation

(s, graphite atomisation

@A—)R,B—)S,C—)P,D—)% ﬂ——*PyR

A—)R,B—)P,C—)Q,D—)S (— &3
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Heat of lonisation .~ "—
odwoous endethermic

[t is the amount of heat absorbed when one mole of a compound completely

dissociates into ions in a solution.
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WP grethevmic

Heat of Neutralisation

[t is the amount of heat liberated when one gm-equivalent of acid completely

neutralises by one gm-equivalent of base.

@ 3)
H -roH-——%*bﬁ>§
N
[ G Boa-
* is constant for strong acid and base neutralization and is equal to -13.7 kcal/mol

or -57.27 k] /mol.
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QUESTION )

—
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How much heat is liberated when 100 mL of 0. 1 ‘M NaOH are completed

neutralised by C) mLof0.1 M HCl)
L
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The enthalpy of neutralization of NH,OH and CH,COOH is -10.5 kcal/mole
and enthalpy of neutralization of strong base and CH;COOH is -12.5
kcal/mole. Calculate the enthalpy of dissociation of base NH,OH
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The heat of neutralization of HCN by NaOH is 13.3 KJ/mole, the energy of

dissociation of HCN is- N \/5\(5)

93
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Enthalpy of neutralisation of CH,COOH by NaOH is -50.6 kj/mol and the
heat of neutralisation of a strong acid with NaOH is -55.9 k] /mol. The value
of AH for the ionisation of CH,COOH is

@ 3.5 k] /mol @H;WM,) _ _50-b- (—5‘56)

W3(«W’\

0 4.6 k] /mol »-50b+A5 Y
s 193

%.3 k] /mol
@ 6.4 k] /mol




QUESTION )

Heat of neutralisation of an acid by a base is maximum when:

@ Both the acid and base are weak

Both the acid and base are stro%

@ The acid is strong and the base is weak

@ The acid is weak and the base is strong
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QUESTION ) @
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If H* + OH- —» H,0 + 13.7 kCal, then heat of complete neutralisation of 1 gm
mol of H,S0, with base in excess will be: o

@ ~13.7 kCal HaS0y—— "
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Lattice Enthalpy (A uiceH®)

The lattice enthalpy of an ionic compound is the enthalpy change which occurs

when one mole of an ionic compound dissociates into its ions in gaseous state.

® =
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Hydration Enthalpy

It is the energy released when atoms (gaseous) in one mole of an ionic

d hydated. T

compound gets hydate & % i DH“MQ@D@
’\’Q(\a)‘ = MQ®) No
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Heat of Hydration (AH,, 4,.)

Example :

. 1 CuS0u(s) + SH20(/) CuSO4 .5 HO(s) AH

anhydrous salt hydrated salt

1 MgSOa(s) + 7Hz0 (/) MgSO47H:0(s)  AH

anhydrous salt hydrated salt

1 CaCl(s) + 6H20(/) CaCl; .6 H20(s) AH

anhydrous salt hydrated salt

Special Note : Heat of hydration is exothermic
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Heat of Solution (AH.,,)

1 CuSOy4 CuSOy4(aq)
1 CuSOy4i + 5S5H20 (F) CuS04.5H;0(s)

MgSOy + 7H.0 (4) aq —> MgS0O4(aq)

MgSO4.7H20(s) + aq —> MqgSO0s(aq)

Heat of solution may be endothermic or exothermic.

AHsoiutson
Athdrahon

AHso!utlon

AHsolutson




Heat of Hydrogenation (AHy,qrogenation)

The heat evolved during the complete hydrogenation of one mol unsaturated
organic compound into its saturated compound is called as heat of

hydrogenation.

Change

Unsaturated organic compound ——=— Saturated organic compound
(= or = Bond) (- Bond)
CoHz + 2H; m— C2Hes, AHhydro v

CoHz + H» e — 7 CoHg, Athd,o X
C2H4 + HZ S C2H6, Athdro /

Note : Heat of hydrogenation is exothermic process.




Enthalpy of Dilution

Let us consider the following set of enthalpy changes:
HCI(g) + 25 aq. = HCL.25 aq. AH =-72.03 k] / mol
HCI(g) + 40 aq. » HCL.40 aq. AH=-72.79 k] / mol
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\ > —0-36 \c{’mot

/







‘ F Summary
5,

Therm Odaﬂamf@

+
me@u\u‘mg%a,

FOR NOTES & DPP CHECK DESCRIPTION




Homework
c ijf
P 8s

FOR NOTES & DPP CHECK DESCRIPTION







