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CHEMICAL THERMODYNAMICS AND ENERGETICS

0.1) What is thermodynamics? Give its limitations or characteristics

Ans:Thermodynamics: A branch of science which deals with different $ of

energy,the quantitative relationship between them and the energy c that
occurs in physical and chemical processes is called thermodynamics. é

Characteristics or_Limitations of ‘Thermodynamics’ :
a)lt is applicable only to macroscopic system and not to microsco stem.

b)It does not take into consideration the time factor involved H\a;; transformation
process. Q

c) It predicts the feasibility ( direction ) of a c@fmal reaction but cannot state
whether the process will be fast or slow.

d)It does not take into account any theory of &%)or molecule to explain the
property of a system. QY»

e)lt does not explains the mechanis@he process taking place  thermodynamically.
Q.2) Explain the following termsQ,

1)System: A part of the &al universe chosen to study the thermodynamic

properties is called systemse: reaction mixture consisting of reactants and products

a stoppered bottle is a Q@Em.
2)Surroundings: other parts of the universe outside the system where the

observations ar%‘%ade are called surroundings. E.g If the chemical reaction is carried
outina Wat\&th, the the surroundings is the water bath.

3)09e§;$tem: A system that can of exchange matter as well as energy with its
surr% ings is called open system e.g., boiling water contained in a beaker can
exshange matter (vapour) as well as energy in the form of heat with the surroundings.

4)Closed System: A system that can exchange energy only but not matter with the

surroundings is called an closed system e.g. when hot water is enclosed in a sealed
vessel, only heat energy escapes to the surroundings without changing the amount of

water in the vessel. Thus it forms a closed system.




5)Isolated system: A system which cannot exchange either matter or energy with its

surroundings forms an isolated system, e.g. a thermos flask containing a boiling liquid
forms an isolated system. Here the total amount of energy remains constant.
e.g Hot tea or liquid kept in a thermos flask

Q.3) Explain the properties of the system ’@
Ans: A system possess two properties /\)

a)Extensive property: It is a property of the system whose magnitude d@nds upon

the amount of matter present in the system. It is an additive pr, ty e.g. mass,
volume, surface area, work, energy, internal energy , enthalpy@tropy.

Ynitude is independent of

itive property.e.g. pressure,

b)Intensive property: It is a property of the system who

the amount of matter present in the system .1t is not

density, refractive index, temperature, surface tension,molar heat capacity..

4) Explain the term ‘State function.’ &
Ans. Any property of a system whose E@’depends upon the current state of the

system and is independent of the p%h\jollowed to reach that state is called the state

unction. Q
f Q%
N

\,%

\Y
F?‘&(ample, in the accompanying figure, if P; and V; are the initial pressure and

volume of the system at state A and if the system changes from state A to state B
where the pressure and volume in state B are P, and V; respectively, then the change
in pressure and change in volume are independent of the path followed. Hence
pressure and volume are state functions. Other state functions include enthalpy,

entropy, mass temperature etc.




Two important properties of state functions are as follows:

i) If the values to a few state functions are assigned then the values of all other
properties are automatically fixed for example, Consider a system consisting of ideal
gas.The ideal gas equation is PV=nRT.If the two properties such as pressure and
temperature are fixed, then the third property volume gets automatically fixed as the

number of moles and the value of R are constant. ’{

i) The change in any state function depends upon the initial and the final sf%s/\éf the
system and not on how the change is accomplished. j Q

5)’'Work and heat are path functions.’Explain (Q}

Ans: Work as path function:
Consider a gaseous that undergoes a volume change f;@\&hitial volume V; to final
volume V; by three paths as shown below:

A(V2) C}%’

In path | the system is allo 93) expand freely in vacuum from V; to V,.Thw work done
in this case is zero. &
In path Il the gas is a@g/éd to expand isothermally against a constant external pressure
.The work done |r§t% case is given by

\'\L(rbi W=-pext.AV = -Pext.(V2 =V1)

o)
In pat @,%the gas is allowed to undergo expansion from V1 to V2 isothermally and
reversiQly.The work obtained during this expansion is given by

Q Whax = -2.303nRTlog V2/V;
Thus in each path, the work done is different. The work depends upon the path chosen

and hence it is a path function and not a state function.




b) Heat as path function:

Consider a gaseous system which undergoes a change from initial state A to final state

B by two different paths as shown below:

Pathl Adib
q=0

Q%V

Path II Isothermal(q@

&
?V
\%
CQ

In path I, the system undergo an adiabatic chang@h A to B.There is no exchange of

heat between the system and the surrounding&&cf = zero.
In path II, the the system changes fro&%e A to state B isothermally.A quantity of
heat g enters the system. i.e q # 0. \,
Thus the initial and final state e system are same but the amount of heat
transferred is different for tw .i.e q depends upon the path chosen hence it is a
path function and not a st ction.

\,@;\
6) Explain the foll g processes:
a) Isothermal cess :The process in which temperature of the system remains
constant th Lﬁout its transformation is called isothermal process.This is achieved by
placin stem in constant temperature water bath i.e thermostat.For such a process,
AT=,Q d AU=0

b)Qobaric process:The process in which pressure of the system remains constant

throughout the change is called isobaric process.Most of the chemical reactions in the
laboratory are carried ou in open vessels hence are oisobaric.similarly, the process of

boiling and freezing of water are isobaric.In such a process, AP=0




c)lsochoric_process:A process during which the volume of the system remains

constant is called isochoric process. A chemical reaction carried out in a close

container is isochoric.For such a process, AV=0

d) Adiabatic process : Itis a process in which no heat exchange takes place bér&g\m

the system and the surroundings in any step of the process. The adiabati itions
are achieved by carrying out the process in a thermos flask.For such zp@ess, g=0

<
7) Explain the term reversible process ,\;"’

Reversible process: It is an imaginary or hypothetic ’nbcess in which the driving
force is only infinitesimally greater than the opposig\ﬁ e and the direction of which

,AH = 0.But AE is not equal to zero.

can be reversed by an infinitesimal increase in opRosing force.

Consider a gas enclosed in a cylinder fi te%}ith a weightless and frictionless piston.If
the pressure of the gas is equal to énal pressure acting on the piston, then the
system is said to be in mechanica% ilibrium.If the external pressure is decreased by
an infinitesimal amount, th Ql're piston will move up slowly and the gas will
expand.However, if the external pressure is increased by and infinitesimal amount over
the pressure P of the @% then the piston moves inwards.Thus when a system is in
mechanical equilibritgmd with the surroundings, ,an infinitesimal change in the conditions
can cause th ocess to occur in opposite directions.The process is therefore

thermodynqﬁ‘élly reversible process.

8) Gi C? salient features of reversible process
Ans: salient features of a reversible process are as follows:
P Wis a very slow process and involves large number of steps.
i) he driving and the opposing forces differ by an infinitesimal amount.
iii) There exist equilibrium between the system and surroundings in each and every
step.
iv) Maximum work is obtained from the reversible process.

v) The process can be reversed at any point by making an infinitesimal change in
conditions of the process.




9) Explain the concept of maximum work.
Ans.Definition of maximum work : The work done by an ideal gas during isothermal

expansion under strictly reversible conditions is called maximum work .

Explanation for maximum work :Thermodynamically, a reversible process proceeds

infinitesimally slowly and exhibit a state of equilibrium of system and surroundings at
each and every stage . In such a process, the opposing pressure is infinite i?ﬁy
smaller than the pressure of the gas. The direction of the process can be r‘eg»gﬁd by
increasing the opposing force infinitesimally. Q

Assume that an ideal gas is enclosed in a cylinder fitted with weightle d frictionless
piston .When the gas expands in vacuum , the external press&» zero. Therefore
work done by the gas is zero Yy

ie. W = -Pext. AV =0 X AV =0 . Q\)

If the external pressure on the gas is slowly increase zero, more and more work
will be done by the gas to overcome this opposi & ure . If the external pressure

(Pext.) becomes equal to the pressure (P) of @gas then there will be no change in

the volume of the gas as the opposing forc be balancing each other

Therefore, it is possible to get the m ork done by the system only when the
external pressure is |nf|n|teS|maIIy er in magnitude than the pressure of the gas
itself.

Hence maximum work is Work obtainable from a system when the ideal gas
expands isothermally and‘&tersibly.

The maximum work by an ideal gas during isothermal and reversible expansion is

given by the exprfgs ion

'\\t&m =-2.303n R T logioVa/V1
10)What the conditions for maximum work obtainable from the system?
Ans:@lximum work is obtainable from a system under the following conditions

i@me process should be thermodynamically reversible.

ii) The driving and the opposing forces involved in the process should differ by an
infinitesimal amount.

iii) The change occurring in the system should involve infinite number of steps.

iv) The system and its surroundings should be in mechanical equilibrium.




11) Distinguish between

A) Reversible process and irreversible process

AnNs:

ReversibleProcess

IrreversibleProcess

1)Itis an imaginary or hypothetical
process

1) It is a naturally occurring process /{

ZaN

S

2)The driving and opposing forces differ

by an infinitesimal amount

2) There exist a large difference‘in'the
magnitude of driving a@oosing .

forces AN

h;\

3) Equilibrium exists at each and every
stage .

3) Equilibrium is 4®ached at the end

o
a\N

4) It yields maximum work under
under isothermal conditions.

4) It domyield work under isothermal
conditiens.

A,

B) Isothermal and Adiabatic proceSS\,

&

Ans:

Y”y

Isothermal Process,&'

Adiabatic process

L

1)The temperature of th tem

1) The temperature of the system does

remains constant \@ increases or decreases.
D
23
o\
2) System ges heat with the 2) No exchange of heat from the system
surrou S. to the surroundings and vice versa.
AN

P

Mgrnal energy remains constant.

3) Internal energy increases or decreases

4) System is not thermally isolated from.
the surroundings

4) System is thermally isolated.




12)
A)Derive an expression for work done in an isothermal and irreversible
process.
Ans. Assume that an ideal gas is enclosed in a cylinder fitted with a weightless and

frictionless piston. Let A be the area of cross section of the cylinder.Let the gas be
allowed to expand isothermally against the external pressure(Pext.) from initial volume
V; to final volume V,. If 'dl’ is the small distance moved by the piston in the u‘p&a
direction , then the work done during expansion is given by - Q‘%

Work done = opposing Force x displacement
@E |

W=-fxdl &,& -------

The negative sign suggest that when the piston moves against‘%h,e opposing force, the
internal energy of the system doing the work decreases:. opposing force is the
product of external pressure pex: and area A of the crOj@ction.

- f = -Pext. X A @C)

Substituting f= P x A in equation | we 95%(5

W = -p@ﬁi\%&xdl

But area x displacement i.e., A%?ychange in volume =dV =V, -V,

) @ - Pext. dV
\>

\)@% = - Pext.( V2 -- Vi)

QQ

During expansimﬁ,& Final volume > Initial volume
ie., Va2 k&y .. AV ==+ve as wellas W = -ve..". Work done is -ve and is
said JQ@ done by the gas ( i.e., system ) on the surroundings.

S

During compression. Final volume < Initial volume.i.e. V, <V; ..AV = +ve, hence W
=P. AV =+ve.

Since work done is +ve, the work is said to be done by the surroundings on the system.

B)Derive an expression for work done by an ideal gas during isothermal and

8




reversible expansion of an ideal gas.

Ans.Consider 'n' moles of an ideal gas enclosed in a cylinder fitted with a weightless
and frictionless piston.Let P be the pressure of the gas.The expansion is carried out
isothermally and reversibly(infinitesimally slowly) in such a way that the external

O

pressure (pex: ) is infinitesimally smaller than the pressure P of the gas.

Pext = (P -dP) where dP is infinitesimally small. S/\)
If a small change in volume dV is allowed during expansion, then thg“work done will
also be small. This work done is given by N>
z\c“
Vo | N7
dW = -pex.dP = -(P = dP). dV = -P.dV + dP. dV Vi o=
N¢
Since dP and dV are very small, the product Q

dP.dV will be negligible and can be neglected

X
dw = -P.dV & ide\al gas
&

As the expansion is carried reversibly, }@%"exist an equilibrium between system and
surrounding at each and every stag horefore, there will be a series of P.dV terms with
the pressure of the gas decreasj g%ontinuously and the volume increasing from V; to
V, . Therefore total work do@ ill be the sum of all these P.dV terms. This can be
obtained mathematically b@tegration

\)@% V2
I = [-p.dV
£
Q%’ Wmax. = [-P.dV
Q Vi
VM
Foran ideal gas, PV =nRT
V=nRT/P
V,

o Whax = - | nNRT/V .dV




V1

-n.R.T(InV, =InVy)

= -n.R.T.In Vo/V;
By converting the natural log to the base 10, we get ,{\
| Wmax = -2.303n.R.T logio Vo/Vi | ,é\)
During expansion, V,;>V; .. W is negative. %Q
During compression, Vo <V; .. W is positive QQ

At constant temperature, for an ideal gas we have,

&
P;.V: =P, .V, from Boyle's law Q
P, Vi AO\

Wmnax = -2.303 n.R.T logio P1 /P2

S
13) Write a short note on integpalyenergy.
Ans.The total of all the potﬁe kinds of energy associated with the matter in a

system is called the interhal energy (E) of the system.

Ans: Every substanci@%k definite amount of energy stored in it. This is known as
internal energy whi ay be partly kinetic and partly potential. The kinetic part is due
to translationak®tational and vibrational motion of the molecules. As these motions
are due to @energy in the molecule, it is called thermal energy.

The p Qj\%fal energy is due to energy of the bonds within a molecule (E intramolecular
or S} and due to intermolecular forces ( E intermolecular or E1nter).

E‘Q}es, energy required to keep neutrons and protons together in a nucleus,nuclear
energy and energy associated with motion of electrons,i.e., electronic energy also
accounts for internal energy.

U = Ukinetic + Upotential + Unuclear + Uelectronic

= (Utranslational + Urotational + Uviibrational ) + ( Uintermolecular + Uintramolecular )

10




Internal energy is a state function. The absolute value of internal energy is difficult to
calculate. Hence only the changes in internal energy are measured.

14)Discuss the various sources of internal energy
Ans:Internal energy is the total amount of different forms of energies stored in a

substance. A substance is made up of large number of molecules. Molecules, in turn
are formed by the union of two or more atoms of similar or dissimilar elements. N
substance undergoes a physical or a chemical change, energy is either e d or
absorbed. This energy change results due to the contribution of energy @ by the
molecules of the substance and energy due to atoms within the molec%.i.e., the total

energy stored in a substance is the sum of potential and kinetic OK mal ) energies.

(Bonding energy) (Thermal energ

Internal energy = potential energy + Kinetic energy@\)v

NBonding energy or Potential energy :It is th gy which arises due to forces
existing between molecules of a substance and@m the interatomic attraction within the
molecules. The former is termed as inter (&ular energy and the latter is known as
intramolecular energy. Therefore, bondi &rgy is the sum of intramole and intermole
energy. It is sometimes called as@ﬂal energy. It is independent of external factors
like temperature.

a) Intramole energy :This&@of energy arises due to the interatomic attraction within

atoms are linked by chemical bonds.

a molecule. In a moIecuIQ:3
When a molecule is @)ﬁ%ed from its elements, energy is liberated. On the other hand,
energy is absorb@’%hen the molecules break up into atoms. This energy released or
absorbed the breaking or formation of chemical bond is called intramole
energy. Loy

N

b)Internolecular energy:All substances in solid, liquid and gaseous state are made up

ecules. In solids and liquids, molecules attract each other due to weak Van der
waals forces. In gaseous state, these forces are negligible. The energy required to

separate molecules from one another is called intermolecular energy.

11




INKinetic or Thermal Energy: The energy which arises due to translational, rotational

and vibrational motion of the molecules is called kinetic energy. It increases with

increasing temperature. Therefore, it is also called as thermal energy. It is of three types

a) Translational energy:The energy possessed by molecules both in liquid and

gaseous state due to translational motion in a straight line path along the*éqr\ee
coordinate axis is called translational energy. The molecules of gas are m% ee to
move than the molecules of solid and liquid states. Q

b) Rotational energy : The energy that arises due to rotation of ato the molecules

about an axis perpendicular to the line joining the two nuclei is ca@rotational energy.
All diatomic and polyatomic molecules rotate about the axis perpendicular to the line
joining the two nuclei. In solids, rotation does not take.plage and they possess only
vibrational energy. In monoatomic gases like He, Ne, c. only translational energy is
present as the atom neither rotates nor vibrates. C)

NS

c)Vibrational energy : The energy posx@y a molecule due to the vibrations of its

atoms is called vibrational energy. \,
15).‘Internal energy is a state fur@%{’Explain.

Ans.Internal enerqgy as st ction:As internal energy of a substance depends

upon its chemical natur ich includes various indeterminant factors such as
rotational, translational @ement, attractive or repulsive forces between molecules etc;
the absolute value~&D internal energy cannot be determined but change in internal
energy can be Qgculated. Internal energy is therefore a state function because change

in internal y does not depend upon the path followed. This can be explained as

Explanation: Consider a system which is subjected to a change of pressure volume

12




only. Let A & B be the initial and final states of the system with internal energies E; &
E, associated with each state ,respectively. I B

Suppose the change of state is carried out from I

A to B by the system by absorbing some energy A

from the surroundings through path LIf AU is the change in internal energy,then

AU = Ug —U, 4\

If the same change is brought about by another path Il from B to A, then the@ﬁ‘ge in
internal energy would be given by Q

AU' =Ug — Ua 0‘%
If AU > AU, then surplus energy would be gained even when<ﬁ;g ystem is brought
back to the original state A by path | followed by path Il. Thi an that changing from
path A to B , energy is created or obtained. But this i@ radictory according to first
law of thermodynamics &

AU = AU* C)
Thus we conclude that change in internal en@%)of a system, when a system changes
from one state to another, depends upom&’(nitial and final state is independent of the

path followed. Q@

16)Give the various state % of first law of thermodynamics or the law of
conservation of energy. s its corollary?

Ans.First law of ther namics:It is based on the principle of conservation of
energy.The lawis s a@ﬁ! in number of ways.
a) The total inte(LgQI nergy of an isolated system is constant..
b)When oneiﬁirm of energy disappears, an exactly equivalent amount of energy of
other for@makes its appearance .
c) Epergy can neither be created nor destroyed , but can be transformed from one form
toN\another form in equivalent amounts.
d) The total quantity of energy of the universe is constant.
e) It is impossible for any machine to produce work without consuming energy.

Such a machine is called perpetual machine .

Corollary of first law:Mechanical work and heat are mutually and completely

13




interconvertible
17) Give the limitations of first law of thermodynamics
Ans:i) It fails to explain the direction in which the physical and chemical processess
occurs spontaneously.
ii) It does not put any restriction on the direction of flow of heat.

iii) Itis unable to predict the feasibility of a process in a particular direction. ’{\

iv) It does not clarify the extent of convertibility of one form of@gy into
other.i.e.it is unable to explain complete conversion of heat into; k without

leaving permanent changes on the system or surroundings.

18) State and explain zeroth law of thermodynamics Q
Ans When two objects are separately in thermodynamic equilibrium with a third
object, they are in equilibrium with each other. ((QV

)

If the system A is in thermal equilibrium with a system C and with system
P O 4

B,then then B and c will be in thermal equilibrium with each other.
Thermometer, C 4??

Thermal e&orlum: Two systems are said to be in thermal equilibrium if there

is n ﬂow of heat between them when they are brought into thermal

@Ct
erature is the indicator of thermal equilibrium in the sense that there is
no net flow of heat between two systems in thermal contact that have the same

temperature

Explanation

14




The zeroth law of thermodynamics is an observation. When two objects are
separately in thermodynamic equilibrium with a third object, they are in
equilibrium with each other.

Consider three objects A, B and C as shown in the above figure. Object C and

object A are in physical contact and in thermal equilibrium. Object B is also in

AN
thermal equilibrium with object A. There is initially no physical contact
AN\ )
between object C and object B. But, if object B and object C are brought into
(\Y

contact, it is observed that they are in thermal equilibrium. This simple

observation allows us to create a thermometer.Objects in thermodynamic
./

equilibrium have the same temperature &

19) Derive the mathematical expression for the first law \f}zrmodynamics.
Ans: The internal energy of a system can be increased i ays:

O

1) by supplying heat to the system. &

C

2) by doing work on the system. @

Consider a system with internal energy H’{he initial state A. Let the system absorb q
joules of heat from the surrounding@;a result, the internal energy of the system will
increasetoU; + Q Q{

Therefore, Ene(@ initial state=U; + q

The heat energy abso;@ﬁ"ls also utilized to do work of expansion..

QQ

If w is the work done on the system, then the internal energy will further increase and

will become“e\é;ual to U; +q + W. Let the final state of the system be B with internal
s

energy %

Acc%. g to first law of thermodynamics, as total energy of an isolated system remains

c nt, if

U, =E; + q t+ w

Therefore,
U,- U= q-+w

Therefore, AU=q + W | |

15



This is the mathematical expression of first law of thermodynamics.

In equation, W = work done on the system by the surroundings.
AU = Change in internal energy
Q = heat absorbed.

For infinitesimal change, equation | can be written as ‘3\
du=dgq + dw ,é\)
Mathematical statententortrstaw s as follows Q

The change in internal energy of system (AE) brought about by the@ rption of heat
energy 'q" is equal to the sum of the amount of heat absorbed (q %fwork done on the

system (Here q >w) ?"’
'rll\tﬁe following

20) Give an expression for first law of thermodynami
Processes
a) Isobaric b) Isothermal c) Il Q%O'ric d)Adiabatic

Ans: The mathematical expression for first Iaw@ermodynamics is given by
AU=g+ W &

where q = heatabsorbed by the sysﬁkYv

AU change in internal ene%,
w = work done on the sys%
a) Isobaric process: In is@ ,P.Irocess, pressure is constant. Therefore work done is -
Pext.AV.Hence, %\
A@: qp - Pext. A V
b) Isothermal prog@: In isothermal process, AU = 0.

D =W e [
Work do %he system is equal to the heat absorbed by the system.
C‘o
Eqan?g'{l suggest that for isothermal process,heat absorbed is entirely used for
work on the surroundings or work done on the system by the surroundings results

in release of heat by the system.

c) Isochoric process: In this process, AV = 0, therefore P. AV= 0

qv = AU

The above equation suggest that the change in internal energy of the system is due to
heat transfer.
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d) Adiabatic process: In this process, q =0 , therefore

AU =W
The above equation suggest that the change in internal energy of the system is due to
work done on it by the surroundings.

21) Explain the term ‘enthalpy of the system.’ ’@
Ans:.It is a measure of total heat content of a system,i.e., the total heat co of a
system at constant pressure is equivalent to sum of internal energy a essure-

volume energy is called enthalpy of the system.
Most of the chemical reactions are carried out at constant pres @ at atmospheric
pressure The heat changes accompanying these reactions tant pressure are
conveniently expressed by a new thermodynamic function M enthalpy

Mathematical definition of enthalpy:Enthalpy is n@;hematlcally defined by the

expression %r

H

where H = enthalpy of the system
E = internal energy of the system &

P = Pressure of the system QY»

V = Volume of the system
Enthalpy is a state function:Intern ﬁhergy (E), pressure P and volume V are all state

functions. The value of H depegd n E, P and V. Hence, it must also be a state
function. Therefore, change i@ alpy AH only depends upon initial and final state and
is independent of path foll& d.

22) Derive an expres@bn for enthalpy change.
Ans:
By deflnltlon&é?fhalpy of a system is given by

\\L’ H=U + PV

If Hy \% H, are the heat contents or enthalpies at the initial and final state

@c’uvely, then the change in enthalpy is given by
AH = H; --H;
Substituting the value of H in the above equation, we get,
AH = (U +PoVy) - (Up + PiVi)
= (Uz- Up) + (Pa.V2—P1.Vy)
= AU + A(PV)

17




At constant pressure, Py =P, = P

AH (Uz-U; ) + P.(V2 -V1)

i.e., AH = AU + P.AV

23)Show that the heat absorbed at constant pressure is equal to the ﬁlpy
change of the system.
Ans: From first law of thermodynamics, Q

AU =q + w 0‘%

If work done during the change is expansion work only, then ?:%
W = - pext. AV QV

Assuming that the pressure is same inside and o@, i.e the system is in mechanical
equilibrium,pex= P, equation | can be written @

Therefore AU =(q - Pext- AV

AU =qp - é\)?, ---------- I
where q, is the heat absorbed at consﬁg pressure.

L

%
qSQU +P.AV e i

By definition, enthalpy ystem is given by

N
O H=U + P.V
If Hi and H@b"&are the heat contents or enthalpies at the initial and final state

On rearranging equation II, we ge

respectively.

0%% AH = H2 -- Hl

n the change in enthalpy is given by

S@ﬁfuting the value of H in the above equation, we get,

AH

(U2 + P2.V2) -- (Ul + P1.V1)
(Uz- U1) + (P2.V2—P1Vy)

At constant pressure, P1 =P, =P
AH = (U,-U; ) + P.(V2 -V1)

18




i.e., AH = AU + P.AV e v
From equation Il and IV, we get

AH = qp
Thus the heat absorbed at constant pressure is equal to the enthalpy chang

the system.

24)Show that the heat absorbed at constant volume is equal to thel@fée in
internal energy of the system.
Ans: From first law of thermodynamics, ,%

AU :q+W --.&--

If work done during the change is expansion work only, then\}»
W =- pext. AV Q ----------- 1

Assuming that the pressure is same inside and out& I.e pex:= P, equation Il can be

written as
W =-P.AV @

Therefore AU =q, - P. \?y ----------- I
where @y is the heat absorbed at con@ volume.
At constant volume, AV =0 the% P.AV=0

Therefore QQ gv =AU

i.e heat absorbed at o@g’ant volume is equal to the change in internal energy of the

system. QQ

25) Give the v@’us statements of second law of thermodynamics.
i) All natu%"bf occurring processes are thermodynamically irreversible in nature.

||) QUrally occurring processes always tends to change spontaneously in a
tion which will lead to equilibrium.

iii;; Heat cannot be completely converted into an equivalent amount of work without
producing permanent changes either in the system or their surroundings.

iv) A spontaneous process is always accompanied by an increase in total entropy
(of the system and surroundings).

v) The spontaneous flow of heat is always unidirectional, from higher temperature
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to lower temperature
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