It involves a study of interrelation of various kinds of
energy accompanying physical or chemical changes. Initially it
meant for studies accompanying heat changes (thermos = heat,
dynamics = flow) and interrelate heat energy with work. Now
the term in broader sense involves all kinds of energy changes
accompanying the process.

Terminology of Thermodynamics :

System: A specified part of universe selected for the
study of effect of certain properties such as P, T, etc.

Surroundings: The adjacent part of universe outside
the real or imaginary boundaries of system. .
Types of Systems:

1. Homogeneous system : A system is supposed to
homogeneous if it is uniform throughout, ie., all the
substances present in it have only one phase.

2. Heterogeneous system : Not uniform throughout,
i.e., it has more than one phase.

Classification of system may also be made as;

1. Open system : A system which can exchange mnu
as well as energy with surroundings, e.g., liquid kept in a
beaker.

2. Closed system : A system which can exchange only
energy with surroundings, e.g., liquid in a sealéd ;ube.

3. Isolated system : Neither exchange of matter nor
exchange of energy is possible with surroundings.

State functions: The measurable properties of a system
which depend only upon the state of system are known as state
variables, e.g., P, ¥V, T, composition, energy, etc.

The cyclic rule: For 1 mole of an ideal gas

9P 14 9_7_') =
(aV), "(ar),,x(ap e O

(), (7))

State of system : The state of the system at a time
signify for the fact that the variable factors, e.g., P, ¥, T, ctc.
(which completely define the state of system) arc known.

SRR S———— e

- Thermodynam:

Properties of system : The thermodynamic properties
of a system are divided as:

1. Intensive properties : Mass independent properties,
e.g., temperature, pressure, viscosity, density, refractive index,
surface tension, chemical potential, etc.

2. Extensive properties : Mass dependent properties,

e.g., mass, volume, energy, heat enthalpy, entropy.

Note: An extensive property becomes intensive by specifying a
unit amount of matter, e.g., mass and volume are extepsivc
but density = M/V is intensive property.

Thermodynamic process : The operations by which

the changes from one state to other are made, are known as
thermodynamic process. All thermodynamic properties satisfy
AU =g+w
H=U+PV

—Frev
§= T (1)

1. Reversible process : A reversible or quasistatic
process is one in which all changes occurring at any part of the
process are exactly reversed, when it is carried out in opposite
direction. A reversible process involves :

(@) A slow change during investigations.

(b) Driving force is infinitesimally greater than the
opposing force and vice-versa.

(c) The process may take place in either direction.

(d) Maximum work is obtained.

2. Irreversible process : A process whose direction
cannot be reversed by small changes in variables is irreversible
process. It involves :

(a) A fast change during investigation.

(b) Driving force is much different than opposing force.

(c) The unidirectional process.

(d) Net work somewhat lesser than maximum work, is
obtained.
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Heat and Temperature :

1. Heat is a measure of quantity of energy transferred
from one body to other as a result of temperature difference
between them.

2. Temperature is a measure of intensity of energy, i.e.,
how much energetic each individual particle is. ’

Work : Work is expressed as the product of two factors,
ie.,

W = intensity factor X capacity factor

Intensity factor is measure of force against which work is
done. Capacity factor is the extent for which work is done.

i.e., Mechanical work = force X displacement = F x d

Gravitational work = gravitational force x height = mg x h

Electrical work =

pot. difference x quantity of current = E x 0
Work of expansion=
pressure X change in volume =P x AV

A —ve sign is given for work done by the system.

A +ve sign is given for work done on the system.

. The general expression for all types of PV work can be
written as
W =-PAV

For expansion :

AV =V, -V, =+ve (“V,>V) . W=-ve

For compression :

AV =V, -V =-ve (“V; <V) . W=+ve
Unitsofwork: W=dynecmorerg inC.G.S.
= newtonmor joule inM.K.S.
= calorie
1 cal=4.184x107 erg =4.184 )
1t is thus, evident that work, heat A B
and energy have same units. P2
In P-V diagram as T .
wic= 0, since no area is p Pi—F D
covered by straight line.
wyp = Area. covered by VF VE
square ABEF. V1—— £
wpc = Area covered by
BCEF

= Area of square CDEF + Area of triangle BCD
=P x(, -V.)+%xAreaofsquareABCD

=R xO W)X B -RIX 02 -F)

Also in a cyclic process w =—ve if clockwise and w = +ve
if anticlockwise.

Internal energy : Each substance is associated with a
definite amount of energy involving the energy depending
upon the chemical nature of substance and the conditions of P,
V, T. It includes many types of energies such as translational,
vibrational, rotational, coulombic, potential energy, etc.

Numerical Chem/st,y

Therefore, exact magnitude of intenal energy canpoy be
determined. Furthermore, it is a state function and denoteq
U and is independent of path. In thermodynamics we dea] wjgh
the change in internal energy of two states,
AU =U = U]"

Heat enthalpy or heat content : Enthalpy ‘H"is s, ,

state function and independent of path. It is expressed as
H=U+PV

Like U, in thermodynamics we deal with change in hea

enthalpy AH; :
AH = H 9= H 1
Relation in between AH and AU : The two are related'by
- AH =AU +PAV

atconstant volume AH =AU - (v AV =0)

First law of thermodynamics :  According to this law,
mass and energy of an isolated system remains constant. The
law is expressed mathematically as

dq =dU +(-dW) ...(1) (For an infinitesimal change)

where, dU =Change in internal energy

dq = Heat supplied to system
—dW = Work done by the system

Also, q =AU +(-W) .(2)

or AU =q+W (For finite change)
Some useful formulae based upon I law :

1. Isothermal process : A process in which temperature
of the system remains constant throughout the studies.

AT =0 s AU=0

. ByEq.(2) q=-W

i.e., heat given to a system is used in work done by the
system.

2. Adiabatic process : A process during which no
exchange of heat takes place in between system and
surroundings.

A q= 0
.. ByEq.(2) +AU=W
or -AU=-W

i.e., work is done by the system on the cost of its internal
energy. :

3. Cyclic process : A process in which initial state of
system is regained after a series of operations.

AU=0

~. ByEq.(2) =-W

4. Isochoric process : A process in which volume of the
system remains constant throughout the investigations.

AV =0

. By Eq.(2) q, =AU

i.e., heat given to a system under constant volume is used
up in increasing internal energy.

5. Isobaric process : A process in which pressure of the
system remains constant throughout the investigations.

o AP=0
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Consider a system showing increase in volume from¥, to
¥, at a constant pressure P, during absorption of heat ¢. The
expansion work or work done by the system is ¥ =-PAV

Thus by Eq. (2) g, =AU - (-PAV)

=U; -U, -[-P(2-N)]

=, +PVy)- U, +PN)

=H, - H, (s H=U+PV)
qp = AH

i.e., heat given to a system under constant P is used up in
increasing heat enthalpy of system. Work done in isobaric
process =dU —dq

=nC,-dT -nC, -dT=-nRdT
= =R (Tgpal — Ticitial)

6. Work done in irreversible isothermal process :
Suppose an ideal gas expands against external pressure P and
its volume changes by an amount d¥ then work done W can be
given by

W= —PdV

(a) Free expansion: W=0, Since, P=0

(b) Expansion or compression against external
pressure P

For a finite change V] or V>,

Total work done on the system W is derived by

W=-P{¥y-W) '
or Wi =—P(V2-1) -(3)
Also, AU =AH =0 -(4)

If V, >V, then W, is -ve, i.e, expansion work or work
done by the system.

IfV, <V, then Wi is tve, i.e., compression work or work
done on the system.

7. Work done in isothermal reversible process :
Consider a system under isothermal condition, showing
reversible expansion of an ideal gas by 2 volume dV, then

AU =0 .. dg=—dW=+PdV (- dW =-PdV)

The total work done during expansion of gas fromV, to¥;

[aw=[? -par=[] -2RL.av

v, vy
W,ey=—nRT log. 71_ =-2.303 nRT logyo 7 ..(5)
(o Pe<1lV)
P,
Also, W,e,=-2.303 nRT logio ;;— ..(6)

8. Work done in adiabatic reversible process :
Consider a system under adiabatic conditions, showing
reversible expansion of an ideal gas by a volume d¥, then from
1 law of thermodynamics,

(. dg=0)

+dU = dW
dU= nC, dT or+C, -nxdT =dW

This equation reveals on further treatment within

temperature limits of 7 and T, reveals
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dW=+C, xnxdT

C,-Cy=R
S CG_R
C, C. Ci
- R
y-l= C.
R
C,=——
(y-1
Therefore, dw= + Iil)xnxdT
R
dw=-"25—.dT
(y-D

T2
on integration I dw = _’Y% 7 dT

ey = 7"{‘—115 =8 (7

IfT, > T, then W, = t+ve, i.e., work done on the system
IfT, < Ty then W,e, = Ve, i.e., work done by the system

where v is Poisson’s ratio = E,-p- ..(8)
v

Also, AH=nC, (I, -Th) ' ..(9)
If final temperature is not known :

) [ (Pz )RICP ]
w=-nC,T)|1-| == ..(10)
P
Some important results of adiabatic expansions
1 PVY = constant (1)
2. T"P'Y = constant (12)
3. V¥"'T = constant -(13)

9. Work done in adiabatic irreversible expansion or
compression :

(a) Expansion against vacuum or free expansion :
w=0

(b) Expansion or compression against external
pressure :

- PT, - BT,
W=—nX Pey X R[—T“] -(14)
Efficiency nof Carnot cycle
T, -T, -
(a) n=1=_2_‘=u (15)

0 I 0,

where, 0, is the heat absorbed from the source at T, and
-, is the heat lost to the sink at 7;. From Eq. (15).
T O
n= l-—=1-=
4 103
Thus “it is impossible to convert heat into equivalent
amount of work without compensation.”
(b) n=1 (100% efficiency) only when T =0K,
(i.e.,—273°C) which is not practically possible.
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(¢) Greater the difference between T, and T, greater is the
value of 1. Hence, superheated steam (under high pressure) is
used in an engine with a boiler. !

Joule-Thomson Effect: The phenomenon of change of
temperature produced when a gas is made to expand
adiabatically from a region of high pressure to a region of
extremely low pressure through a small jet is called
Joule-Thomson effect.

(a) The temperature below which a gas becomes cooler
on expansion is known as the inversion temperature T;. Above
this temperature gas shows heating effect.

; - ga—
" Rb

where, a and b called van der Waal’s constant.

(b) Joule-Thomson effect is zero for an ideal gas in which
van der Waal’s forces of attraction are negligible and there is
no expenditure of energy in overcoming these forces of
attraction.

Joule-Thomson coefficient i 7 is given by

o) - ()7

Wr =0 for an ideal gas, p ,;r =-ve for heating effect; .

W =+ve for cooling effect.

Entropy : Entropy (S) is a state function and is a measure
of degree of disorder or randomness of system. More is the
disorder in system, higher is its entropy. It is normally
expressed in terms of change in entropy.

1. For a reaction entropy change (AS) is given by

.(16)

(17

AS = ZS products — LS Reactants -.(18)
£)
nRT log, —
Iov P Vi _ £
2 AS——;—V—T'"— T nRIog,VI
Z
=2.303 nR logyo 7’ ..(19)
1
A 20
-=2.303nR10g,oP— .(20)
2

where, ¢ . is the heat supplied to a system at temperature
T (K) under reversible conditions.

3. Atconstant P, gy =AH
s =2 .(21)
T
i.e., entropy change of fusion :
AS, = ﬂﬁ .(22)
=

where T'is freezing point
and entropy change of vaporization :

AH,

AS, = 5 ..(23)
where T'is boiling point

4. Entropy of one mole of a substance in pure state at'one

atmosphere and 25°C is termed as standard entropy, S°.

Numerical Chemistry

For a reaction in standard state, A — 2
AS° =85 -84 (24)

5. Entropy, S, is related to thermodynamic probability, i
by the relation ;:

S=klog, W or §=2.303klog,, W
where, k is Boltzmann'’s constant,

6. At absolute zero temperature, a solid is supposed to
have highly ordered state, i.e., W=1 and henceS =0, /¢,
lim S =0. This is zeroth law of thermodynamics.
=0 Gibbs energy For G: Freeenergy (ForG)isalsoa
state function and is a measure of maximum work done. It ig
expressed as

(25)

GaH-=TS -(26)
or AG =AH -TAS atconstantT ...(27)
Standard Gibbs energy change (AG°):

1. AG° =-2.303 RT log;o K .(28)
2. At equilibrium AG =0.
3. The decrease in free energy (—AG) is given as :

—AG =W, =2.303 nRT log,g Z—lz ..(29)
4. AG7 for free elemental state =0.
5. AGY = Groducts — Gleactams ..(30)

Conditions for spontaneity of reaction : For a
spontaneous change AG =-ve. Thus, following results can
also be evaluated for spontaneous process.

AH AS AH - TAS Nature
-ve +ve AG =-ve Spontaneous
+ve -ve AG =+ve Non-
spontaneous
tve +ve if AH <TAS;AG =-ve Spontaneous
-ve -ve AG =-ve Spontaneous
if AH>TAS
i.e, Tis low
AG =+ve Non-
Spontaneous
if AH<TAS
i.e., Tis high

Gibbs-Helmholtz equations : It interrelates AG and AH
at constant pressure :

» 3(aG) 31
AG—AH+T[ = ], ~G1)
or AG-AH=[8(AG)] ~(32)
T AT
o _[38G) IeE)
or AS—[_dT ]p ol
e | OB | (34)
AS—nF[——ST ]P(- AG=-nEF) .
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Thus, temperature coefficient of the emf of a cell is
SE AS
ar p- F ..(35)

Temperature dependence of vapour state or The
Clapeyron — Clausius equation.

Variation of the vapour pressure for the liquid = gas
equilibrium is given by Clapeyron — Clausius equation.

_ _AH, (1
logP = 2.303R(T)+K (36)

“T2303R
AH, the latent heat of vaporizatien.
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Eq.(%)tqlesmsdleegﬁmohs!ishl‘nm

theplotoflongil:YiddSlwh"i"w

AH, _ nd intercept = K. This enables the cvaluation of

If vapour pressure P, and P; at temperatures T; and T are

known then by Eq. (36).

P, AH, [rz—r,]

8P ~2303R| Ihh e

AH., is latent heat of vaporisation in cal mol ~* or J mol ™
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® NUMERICAL PROBLEMS ©
1. A system is provided 50 J of heat and work done on the used to heat 10 mole of water of temperature 299 k_

10.

11.

12.

13.

14.

systemis 10 joule. What is the change in internal energy?
The work done by a system is 8 joule, when 40 joule heat
is supplied to it. Calculate the increase in internal energy
of system.

A gas occupies 2 litre at STP. It is provided 300 joule
heat so that its volume becomes 2.5 litre at 1 atm.
Calculate change in its internal energy.

A certain electric motor produced 15 kJ of energy each
second as mechanical work and lost 2 kJ as heat to the
surroundings. What is the change in the internal energy
of the motor and its power supply each second?

An ‘insulated container is divided into two equal
portions. One portion contains an ideal gas at pressure P
and temperature 7. The other portion is a perfect
vacuum. If a hole is opened between two portions,
calculate :

(a) the change in internal energy

(b) the change in temperature of gas.

Two litre of N, at 0°C and 5 atm pressure are expanded
isothermally against a constant external pressure of 1 atm
until the pressure of gas reaches 1 atm. Assuming gas to
be ideal, calculate work of expansion.

2.8 g of N, gas at 300 K and 20 atm was allowed to
expand isothermally against a constant external pressure
of 1 atm. Calculate AU, q and W for the gas.

Calculate the work done in open vessel at 300 K, when
92 g Na reacts with water. Assume ideal gas nature.
The internal energy change in the conversion of 1.0 mole
of the calcite form of CaCOj5 to the aragonite form is
+0.21 kJ. Calculate the enthalpy change when the
pressure is 1.0 bar; given that the densities of the solids
are2.71g cm™> and293 g cm™ respectively.
Calculate the work done when a system raises a column
of water of radius 5.0 mm through 10 cm.

Calculate the work done when 50 g of iron reacts with
hydrochloric acid in (i) a closed vessel of fixed volume
(ii) an open beaker at 25°C.

A gas present in a cylinder fitted with a frictionless
piston expands against a constant pressure of 1 atm from
a volume of 2 litre to a volume of 6 litre. In doing so, it
absorbs 800 J heat from surroundings. Determine
increase in internal energy of process.

Work done in expansion of an ideal gas from 4 litre to
6 litre against a constant external pressure of 2.5 atm was
used to heat up 1 mole of water at 293 K. If specific heat
of wateris4.184J g~ K™', what is the final temperature

of water?

A gas expands from 3 dm? to 5 dm?> against a constant
pressure of 3 atm. The work done during expansion is

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Calculate final temperature of water. Specific heat of

water=4184J g™ K. (Roorkee 1993

Calculate the maximum work done in expanding 16 g of

oxygen at 300 K and occupying a volume of 5 dm?

isothermally until the volume becomes 25 dm>.

Calculate ¢, W, AU and AH for the isothermal reversible

expansion of one mole of an ideal gas from an initja]

pressure of 1.0 bar to a final pressure of 0.1 bar at a

constant temperature of 273 K. (Roorkee 2000)

What work is to be done on 2 mole of a perfect gas at

27°C if it is compressed reversibly and isothermally from

apressure of1.01x10° Nm~ t05.05 x 10% Nm ™2 Also
calculate the Gibbs energy change.

1 mole of an ideal gas undergoes reversible isothermal

expansion from an initial volume ¥; to a final volume

10%; and does 10 kJ of work. The initial pressure was

1x107 Pa.

(a) Calculate 7;.

(b) If there were 2 mole of gas, what must its
temperature have been? (Roorkee 2001)

10 g of argon gas is compressed isothermally and

reversibly at a temperature of 27°C from 10 L to 5L.

Calculate g, W,AU and AH for this process.

R=2.0cal K™ mol™, log;c 2=0.30. Atomic mass of

Ar=40. (Roorkee 1997)

At 27°C, one mole of an ideal gas is compressed

isothermally and reversibly from a pressure of 2 atm to

10 atm. Calculate AU and q.

One mole of an ideal gas is heated at constant pressure

from 0°C to 100°C.

(a) Calculate work done.

(b) If the gas was expanded isothermally and reversibly
at 0°C from 1 atm to some other pressure P, what
must be the final pressure if the maximum work is
equal to the work involved in (a)?

Water is boiled under a pressure of 1.0 atm. When an

electric current 0f 0.50 A from'a 12V supply is passed for

300 s through a resistance in thermal contact with it. it s

found that 0.789 g of water is vaporized. Calculate the

molar internal energy and enthalpy changes at boiling

point (373.15 K).

In an insulated container 1 mole of a liquid, molar

volume 100 mL at | bar. Liquid is steeply taken to 100

bar, when volume of liquid decreases by 1 mL. find &

and AU for the process. T 20049)

Calculate the standard internal energy change for

reaction;

OF,(g) + H;0(g) — 0a(g) +2HF(g)
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25.

26.

27.

at 298 K. The standard enthalpies of formation of
OF,(g), H;0(g), HF(g)are+20,+250 and-270kJmol™".

Two mole of a perfect gas undergo the following
processes :
(a) a reversible isobaric expansion from (1.0 atm,
20.0L) to (1.0 atm, 40.0 L).
(b) areversible isochoric change of state from (1.0 atm,
40.0 L) to (0.5 atm, 40.0 L).
(c) a reversible isothermal compression from (0.5 atm,
40.0 L) to (1.0 atm, 20.0 L).
(i) Sketch with labels each of the processes on the
same P-V diagram.
(ii) Calculate the total work (w) and the total heat
change (g) involved in the above processes.
(iii) What will be the values of AU, AH and AS for
the overall process? (IIT 2002)
14 g oxygen at 0°C and 10 atm are subjected to reversible
adiabatic expansion to a pressure of 1 atm. Calculate the
work done in :
(a) Litre atm.
(b) Calorie (Given,C, /C, =1.4).
A flask of 1 litre having NH3 (g) at 2.0 atm and 200 K is
connected with another flask of volume 800 mL having
HCl(g) at 8 atm and 200 K through a narrow tube of
negligible volume. The two gases reacts to form

~ NH,CI(s) with evolution of 43 kJ mol™" heat. If heat

28.

29.

30.

31

32.

capacity of HCI(g) at constant volume is 20 JK™' mol™
and neglecting heat capacity of flask, NH,Cland volume
of solid NH 4Cl formed, calculate the heat produced, final
temperature and final pressure in flasks. (Assume
R =008 litre-atm K ™' mol™).

A sample of argon gas at 1 atm pressure and 27°C
expands reversibly and adiabatically from 1.25 dm? to
2.50dm?>. Calculate the enthalpy change in this process.
C, . forargonis 12.48 JK™' mol ™. (IIT 2000)
Calculate the equilibrium constant for the reaction given
below at 400K, if AH°=77.2kJmol'and
AS° =122JK™" mol™.

A sample of ideal gas (y=1.4) is heated at constant
pressure. If an amount of 140 J of heat is supplied to gas,
find AU and W.

One mole of an ideal gas which C, =%R is heated at a

constant pressure of 1 atm from 25°C to 100°C. Calculate
AU, AH and the entropy change during the process.

Consider a class room of dimensions 5x10x3m? at
temperature 20°C and pressure 1 atm. There are 50
peoples in the room, each losing energy at the average of
150 watt. Assuming that the walls, ceiling, floor and
fumiture perfectly insulated and none of them absorbing

33.

34.

35.

36.

37.

38

39.
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heat, how much time will be needed for rising _thc
temperature of air in the room to body temperature, i.e.,

37°C? For air C, =%R. Loss of air to the outside as the

temperature rises may be neglected. ,
50 students sitting in the room of 5X 10x3m

dimensions. The air inside the room is at 27°C and 1 atm
pressure. If each student loses 100 watt heat per secogd
assuming the walls, ceiling, floor and all the material
present inside the room is perfectly insulated as well as
neglecting loss of air to the outside as the temperature is
raised, how much rise in temperature will be noticed in

10 minutes? Given C, = % R for air.

An athlete in a gymnasium room lifts a 50 kg mass
through a vertical distance of 2.0 m; g =9.8ms 2. The
mass is allowed to fall through 2.0 m distance while
coupled to an electrical generator. The electrical
generator produces an equal amount of electrical work.
This electrical work is used to produce aluminium by
Hall’s process involving the change.

Al, 03 (molten) +3C(s) — 2 Al(/) +3CO(g)
The reaction require standard free energy change equal
to 593 kJ. How many times must the athlete lift the 50 kg
mass and to drop and couple with generator to produce
sufficient Gibbs free energy to produce 27 g Al?
An aeroplane weighing 63,000 kg flies up from sea level
to a height of 8000 metre. Its engine run with pure normal
octane (CgH ) has a 30% efficiency. Calculate the fuel
cost of the flight, if octane sells at Rs. 3 per litre. Given
density of octane =0.705 g mL™, heat of combustion of

octane =1300 kcal mol ™', (g=981cm /sccz)

Alead bullgt weighing 18.0 g and travelling at 500 nv/s is
embedded in a wooden block of 1.00 kg. If both the
bullet and the block were initially at 25.0°C, what is the
final temperature of block containing bullet? Assume no
tem[:jcraturc loss to the surroundings. (Heat capacity of
wood =0.5 keal/kg-K; heat capacity of lead
=0.030kcal / kg - K) e ‘

A mixture contains 8 g He and 14 g N, in a vessel at
300K. How much heat is required to increase the rms
speed of these molecules to double their value? Also,

calculate the final temperatures,

.Cult.:ulme the Gibbs energy change when 1 mole of NaCl

is dissolved in water at 298 K. Given,

(a) Lattice energy of NaCl =778 kJ mol ™",
(b) Hydration energy of NaCl = 774.3 kJ mol ™',
(c) Entropy change at 298 K =43 J mol ™',

How much heat is requied to change 10 g ico at 0°C to
steam at 100°C? Heat of fusion and heat of vaporization
for HaO are 8O cal/g and 540 cal/g respectively., Specific
heat of water is 1 eal/g,
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40.

41.

42,

43.

45.

46.

47.

48.

49.

50.

A steam boiler made up of steel weighs 900 kg. The
boiler contains 400 kg of water. Assuming 70% of the
heat is delivered to boiler and water, how much heat is
required to raise the temperature of the whole from 10°C
to 100°C? Heat capacity of steel is 0.11 kcal/kg-K and
heat capacity of water is 1 kcal/kg-K.

Determine whether or not, it is possible for sodium to
reduce aluminium oxide to aluminium at 298 K. Also
calculate equilibrium constant. Given that Gy of Al,0,

at 298 K =-1582kI mol™'; G} of Na,O(s) at 298 K
=-377kJ mol™".
The vapour pressure of benzene is 1.53 x10* Nm ™ at

303K and5.2x10* Nm™ at 333 K. Calculate the mean
latent heat of evaporation of benzene over this
temperature range.

Calculate the change in entropy for the fusion of 1 mole
of ice. The melting point of ice is 273 K and molar
enthalpy of fusion for ice =6.0 kJ mol ™.

. Molar heat capacity of CD,0 (deuterated form of

formaldehyde) at constanj pressure is 14 cal mol™' K™
at 1000 K. Calculate the entropy change associated with
cooling of 3.2 g of CD,0 vapour from 1000 to 900 K.
Calculate entropy change for vaporization of 1 mole of
liquid water to steam at 100°C, if AH,, =408 kJ mol™'.
For areaction at 25°C enthalpy change (AH') and entropy
change (AS) are -11.7x103 Jmol™  and
-105J mol™ K respectively. Find out whether this
reaction is spontaneous or not?
Determine the entropy change for the reaction given
below;

2H,(g) +0,(g) — 2H,0())
at 300 K. If standard entropies of H,(g),0,(g) and
H,O(l) are 126.6, 20120 and 68.0 J K™ mol™
respectively.
1 mole of an ideal gas at 25°C is subjected to expand
reversibly ten times of its initial volume. Calculate the
change in entropy of expansions.
A sample of 100 g H,O is slowly heated from 27°C to
87°C. Calculate the change in entropy during heating
(Specific heat of water = 4200 J/kg-K).
Calculate the entropy change when 1 kg of water is
heated from 27°C to 200°C forming super heated steam

under constant pressure. Given specific heat of water
=4180J/kg-K and specific heat of steam

51.

52.

53.

54.

55.

56.
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=1670+0.49T J/kg-K and latent heat of vaporization
=23x10° Jkg.

Titanium metal is extensively used in aerospace industry
because the metal imparts strength to structures but does
not unduly add to their masses. The metal is produced by
the reduction of TiCl4 (/) which in turn is produced from
mineral rutile TiO,(s). Can the following reaction for
production of TiCl, (/) be carried out at 25°C?

TiO, (s) +2Cl,(g) — TiCl4 (D) +0,(g)
Given that, H 7 for TiO; (s), TiCl4 (), Cl;(g) and O, (g)

are —944.7, -804.2, 0.0, 0.0 kJ mol™. Also S° for
TiO, (g), TiCl4 (1), Cl,(g) and O, (g) are 50.3, 252.3,
233.0,205.1 J mol™' K™ respectively.

For a reaction M;0(s) = 2M(s) + %Oz(g); AH =30k

mol™ and AS =007 kJ K™! mol™ at I atm. Calculate up
to which temperature the reaction would not be
spontaneous?

Calculate the temperature at which the reaction give

below is at equilibrium, Ag,0(s)—> 2Ag(s) + %oz (@)

Given, AH =305 kJ mol ' and AS =0.066 kJ K mol™".
The standard enthalpy and entropy changes for the
reaction in equilibrium for the forward direction are
given below :

CO(g) +H,0(g) == CO,(g) +Ha(g)
AH$px =—-41.16 kJ mol™;

ASSpox =—4.24%1072 kJ mol™
AH Pk =-32.93k) mol™';
ASPoox =-2.96%1072 kJ mol™!

Calculate K, at each temperature and predict the
direction of reaction at 300 K and 1200 K, when Pep =
Fco, = Py,= Py,o =1atm at initial state.
One mole of CH;COOH undergoes dimerization in
vapour phase at 127°C as : <
2CH;COOH(g) == (CH;COOH),(g)
Calculate the change in standard entropy during
dimerization if dimer formation is due to two H-bonds
involved in dimer, each of 33 kJ strength and the degree
of dimerisation of acetic acid 98.2%.
Derive a relation showing reversible work of expansion
from volume V] to ¥, by ‘n’ moles of a real gas obeying
van der Waals’ equation at temperature T where volume
occupied by molecules may be taken as negligible in
comparison to total volume of gas.
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- " SOLUTIONS (Numerlcal Problems) l I.

q =50
W=+10)
AU =q+W =50+10
AU=601)
2. W=-81];
mellaw

(work done on the system)

q=40)

AU=q+W=40-8
=32 joule

3. Workdone——deV—lx(ZS 2.0)

=-Q5 litre —atm

** Work is carried out at constant P and thus irreversible.

05x1.987x
OB Ll L TR T

00821
From I law of thermodynamics
q=AU-W

300=AU+5063 .. AU =249.37 joule
4. Energy is lost from the system as work thus ¥ is negative.
W=-15kJ
Energy is lost as heat, so g =-2kJ
Therefore, by first law of thermodynamics :
AU=q+W =-2-15=-17KkJ
. The system being thermally insulated and thus g=Q The

gas expands through hole in other portion to show free
expansion, i.e.,

W

w=-[PAV =0 (Since, P =0)
Also from I law of thermodynamics

g=AU+w
Since, g=0; w=0 S AU=0

Also internal energy U=%RT. Since, internal energy

remains same (' AU = 0) and thus temperature will also
remains constant.
6. Since, the external pressure is greatly different from the
pressure of N, and thus, process is irreversible.
W =P (V2 - ")

W=-1x(; 1)
Given, ¥, =2litre v,=?  T=213K
P, =5atm P, =latm
PV, =PV,
V= _—2’1‘ 5 ~ 10litre
W = -1x (10— 2) = -8 itre - W s
8x1.987 __8x X ]
=~~0.0821 e 0.0821
= 810.10 joule ;
7. Initially for N, ;
20xV, = 2;;xo 0821% 300 . ¥; =0.123 litre
Finally for N,

XV, = %gxo.oszlx 300 ... V; = 2.463 litre

=-PxAV [ work is done agalnst constant P
=-1x(2.463-0.123) - irreversible]
=-2.340 litre -atm
2.340%1.987

=222 2770 calorie
0.0821

2.340%1.987x4.184 J
00821
W=-236.951J
Now ¢g=AU-W
g=0+23695 (. AU =0 forisothermal process)
q=1236.95 joule
8. 2Na +2H,0 — 2NaOH+H,

92
M N =__—4
ole of Na 23

Mole of H, fotmed:%xMole ofNaused:%x4=2

Work is done in giving out 2 mole H,. Thus,
=-PxVy, =ny, RT=-2x8.314x300=-4988.4J
The H, liberated pushes the atmospheric gas back and thus,
does work in driving back the atmosphere. Note that in case
of closed vessel AV =0, .. W =0
9. AH =AU +PAV

Given, AU=+0.21kJmol™ =0.21x10° Jmol™,
P=1bar=1.0x10° Pa
AV =V aragonitey — V(calcite)
100 _ 100 - __ 3
(2 93 2. 71)cm mol ™! of CaCO; =—2.77cm

=-2.77x10°¢ m?
AH =0.21x10> —1x10° x2.77x10~®

=209.72 J = 0.20972 kJ mol ™
W =— mgh
m = volume X density = 1t rI/x d
= 2—72><(05)2 x10x1
g= 980cms'2

10. Work is given :
where,

h=
2 =5cm

(The centre of mass of column lies half way along its length
I therefore the centre of mass is raised to a height h = Ly )
2

W=—2—72><(0.5)2 X10x1x 980% 5= - 38.5x 10° erg
=-3.85x107J

The negative sign shows that system shows a decrease in
internal energy.

11. (i) Vessel is of fixed volume, hence AV =Q No work is
done.
W=0
(i) The gas drives back the atmosphere hence.
W =Py AV
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12.

13.

14.

15.

Also, AZT Vfinat —Vinitiat = V final ¢ Vinidat =90
AV_'I',: or W==Po,- ';,f: —nRT

where, n is the number of mole of H, gas obtained from n
mole of Fe(s).

Fe(s)+2HCl(aq. ) — FeCl;(aq.)+H,(g)

1 mole 1 mole

50
===(.
n 56 8929 mole

—0.8929x8.314%x298=-2212.22J
The reaction mixture in the given system does 2.212 kJ of
work driving back to atmosphere.
Since, work is done against constant pressure and thus,
irreversible.

Given, AV =(6-2)=4litre; P =latm
= : __1x4x1.987
W=-1x4 lxtre-atm-—wcal
(since 0.0821 litre-atm =1.987 cal)
=—96.81 cal =-96.81x4.184 J (-1 cal=4.184 J)
=-40505]
Now from I law of thermodynamics
q=AU-W

800= AU +40505 .. AU =394.95 joule
Since, work is done against constant pressure and thus
irreversible.

Given, AV =(6-4)=2litre; P=2.5atm
W = — Py XAV =-2.5x2=—5litre-atm
. 5x1.987ca]__ 5%1.987x4.184
T 00821 0.0821
=-506.31J
Now this work is used in heating 1 mole water
= T
e +C=4184Jg K
506.31=1x4.184x18x AT .
AT =6.723 . =4.184x18 Jmol™

Final temperature T} + AT = 293+6.723=299.723 K
Since, work is done against constant P and thus, irreversible
AV =5-3=2dm’ =2litre; P=3atm
W =— P.AV =-3x2litre-atm
6x4.184X1.987 . 10 —_ 607.57 joule
0.0821
Now this work is used up in heating water
W =nxCXxAT
607.57=10x4.184x 18X AT .. AT =08l
Final temperature 7; + AT = 290+0.81=290.81K
Since, maximum work and thus, process is reversible

oy = 2% 16 R=8314J, T=300K,

¥, =5dm’, ¥, =25dm’
w=-2.303nRr|og.o,’:—2

=-2. 303x x8 314x300|og.02_55

Numerical Chemistry

=-2.01x10° joule

16. For isothermal reversible expansion :

17.

18.

19.

W=—2.303 nRT log% =—2.303x1x8.314x273 log :)0
2 1

W=-522721J
At constant temperature, for expansion AT = 0; Therefore,

AU=0

Also, AU=1xC, xAT =0 (For 1 mole)
and AU=q+W .. q=-W=52272J
Also when temperature is constant PV} = PV or PV is
constant.
Thus, AH=AU+A(PV) ~. AH=0
For reversible process :
W, =—2.303nRT log 2 |
Py
5
- 2.303% 2% 8.314x 300 10g ;0 o i0
5.05x10

=+1.9518x10* joule

Since, W, is a measure of free energy change
~AG=—Wyy =— Wmax
or AG=1.9518x10* joule mol ™

@ W =-2.303 nleog—;l
1

Where, W is work done by the system under isothermal
reversible conditions, note that work done by the system is
negative

-10x10* =-2.303%x1x 8.314XT|0g% .(i)

2
Also, P,V
1x107 x¥,

= PV, at constant temperature
7
=P x10V, ~ P, =%=106 Pa

By Eq. (i), ~10x10* = —2.303x 1x 8. 3l4><Tlog—0—
1

s T=522.27K
Now, using PV = nRT for 1 mole of gas;
P=1x10" Pa=10" Nm™
1x107 x¥; =1x8.314x 522.27
V=434x10""*

(b) If2 mole of gas have been used, the temperature would
have been

&227—261 13K

5

W =-2.303nRT log o l-‘?-_-z 303x 12 lgx2x30010gno'6
1

W =103.991cal
AU=0
q=AU-W .
Also when temperature is constant PV; =

PV = constant
AH=AU+A(PV)=0+0=0

. g=-W=-103. 991 cal
PV, or
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W=- -
20. =-2.303nRT log 7y

W =-2.303% 1x 2% 300 log o l = +965.84 cal

For isothermal change AU = 0
Also q=AU-W = 0-965.84 cal
g =-965.84 cal
21. (a) Work involved in heating of gas
W =—P-AV=-P(V,-V;)
—_p (nRTz nRT, )
P P
=-nR (T, - T, )=-1x1.987(373-273)
=-198.7 cal

(b) Now the work equivalent to 198.7 cal is used up in
causing reversible isothermal expansion of gas at 0°C, then

Wg =-2.303 nRT log,, %
2

~198.7=-2.303x1x1.987x 273 log o Pl
1

= 0.694 atm
22. The vaponzanon occurs at constant pressure therefore the
enthalpy change is equal to the work done by the heater :
AH'=0.50x12x300 (AH =ixVxt)
=1800J=+1.8kJ
Molar enthalpy of vaporization
AH=— AH  _ AH
moleof H;O  ny,0
1.8

I
18
AH = AU+ PAV = AU +Ang RT = AU+RT
(v H,0()==H;0(g), Ang =1)
AU = molar internal energy change
= AH - RT =40.6-8.314x107 x373.15
=37.5kJ mol™
23. Volume of 1 mole liquid = 100 mL at pressure 1 bar
Volume of 1 mole liquid = 99 mL at pressure 100 bar
The process is irreversible as it is steeply changed from
1 bar to 100 bar. Therefore,
W =—-P(V, —¥; )=-100(99-100)
=100bar mL
Also, AU=q+W
g = Osince container is insulated
AU = 100bar mL
Also, AH=AU+PAV =AU+PV,-PV,
=100+ (100x 99—1x100) = 9900 bar mL
24, AHgeacion = EHbroducts ~ ZHReactams
=[2x Hyy (g)+Ho, (@))-[Hor, (8)+Hiyo ()]
H" of free elements =0 . Ho, =0

=40.6 kJ mol ™!

Also,

623

v AH7=H ° i e.,standard heat of formation
= standard heat enthalpy of a compound
Also, AH } for F,0 is +ve; AH} for H,0 is —ve, because
heats of combination are exothermic.
AHY =[2x(-270)]+ 0~ [20+(-250)] = -310KJ
AH® = AU°+AnRT
AHS =-310x10° J; An=3-2=1
R=8314J);, T=298K
—310%10% = AU°+1x8.314x298
AU®=-3124775 joule .. AU°=-312.4775 kJ
. The overall process is cyclic one, ie., initial state is
regained, thus, AU = 0; AH =0 and AS =0.

P

Now

1 atm 4 > 4
AB — isobaric expansion (W = —ve)
BC — isochoric change (W= 0)
0.5 atm C CA— isothermal compression (W = + ve)

20L 4oL
Now, total work W =W, _,5 +Ws_,c +Wc4
W=—P¥g—-V,)+0+2.303 nRT log Z—C

A
(work of expansion)

(work of compression)

=—1x (40— 20)+0+2.303%X P,V 4 log::—c
A

(- P4V, =nRT)
=-20+2.303x 1% 20x log ‘;g
=-20+13.87=-6.13 litre -atm
__6.13x8.314
= 0.0821 J=-620.77J
Also, g=—-w=+620.77J (For cyclic process)

26. P =10atm at . T=273K for ;—;mleoz

Py=latm at T=T, for 14
32

For adiabatic expansion we have T - P!~ = constant

T )y (P 2 )I—y T
—| === 0 log =L = (1— _P2
(Tz P Fes T, (1-7)log P,

273
or 14logZl=(1-1.4)log-L
T ( )oglo

molc 0,

n T, =141.4K

Work done in adiabatic expansion = nR (Tz -T)
=

14 00821(141 4-273)
32 (14-1)
W ey =-11.82 liter-atm
In calorie = 14 M
32 (14-1)
W ey =—287.88 cal

In litre-atm =
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27. NH;(g) + HCI(g)— NH,Cl(s); AH =—43.0kJ
Y 1x2 8x0.8
Initial mole 558300 708200
=0.125 =04 0
Final mole 0 0.275  0.125
Heat produced = 0125x 43 = 5.375 kJ
The heat produced is used to increase the temperature of
HCl leftin flask since heat capacity of flask and NH,Cl = 0
s O=nxC, xAT
5375%10% = 0.275% 20X AT . AT =971.27
-~ Final temperature = 200+ 97727=1177.27K )
Also final pressure = nRT 0.275%0.08x1177.27
1.8
= 14.39 atm
28. AH=nXxC, xAT
and C,=C, +R=12.48+8.314=20794 JK™' (RinJ)
For a given sample of argon gas, mole (n)
_Py_ 1x125
"=RT "~ 0.0821%300 00
Also for reversible adiabatic change (TV )-! = constant
-1
or LV =T orT, =13 x(::—')
2
(y=1.66 for argon)
1.66-1 0.66
1.25 1)
= —_— = 300 -~
A (2. so) & (2
T, =18985K
AT =T, —-T; =189.85-300=-11015
Thus, AH = 0.05%20.794 x (-110.15)=-114.52 J
29, AH® =772mol™
=122JK™ mol™
T=400K
AG° = AH°-TAS”®
AG° = 77200- 400x 122 = 28400

Also, we have —AG°=2.303RT logj K¢
where, K¢ is equilibrium constant
—28400=2.303x8.314x400log o K¢ -

K =1.958x107*
30. Gas is diatomic as y = 1.4, thus, C, =§R and C, =%R

Given, AH = 1401 at constant pressure
g AH=gq, =nxC, xXAT
140 _ 140x2 _ 40

i AT—nC = InxR =
Now, W—-nRAT_—nxzxﬁ’_-soJ
Also, g, =AH=AU+(-W)
AlmAH W
=140- 80
AU=601J

3 -

32.

33.

Numerical Chemistry

c.=3r - C, =c,+R=§R+R=§R

2
', Heat given at constant pressure = m-C , - AT

or AHorg, =l><-;-xRx(373-298)
or AH = |x§x1.9s7x7s=372.56cal

Now work done in the process = -PAV

- —Vy=-p| "Rz _nRT
W=-P(y-V,)= P( 5225 )
(+ PV =nRT)
= —nR(Ty -T; )=-1x1.987x (373~ 298)
=-149.025 cal

-, From I law of thermodynamics

AU =q+W =372.56-14905 .. AU =223.51cal

Also, dqm=2Cp-dT B
ds=—"T'i o dS = 5
or = :lz nCPT'dT=nC,, loge%—
AS =2.303C, log,o %
=2. 303xlx;xRx|og,o ;gg

=1.122 cal K! mol™!
Volume of air in the room
=5x10x3=150m> =150x10° cm?
PV _  1x150%x10°

-. Moleofair=n=452 = XDOXIU  _ g936x10°
RT  10® x0.0821x 293

\ OH AH
Also, [&1] =c =41 I
’ (sr),, Co=ar toc L molke]
AH=n-C,-AT (for nmole)

=6.236x10° x%x 8.314x (310-293)

=3085x10% J
Thus, heat needed to heat the room to 37°C= 3085x10° J
Also, heat released by 50 peoples
=150%50]/sec=75001J/sec
7500 J heat is provided in 1 sec p
. 3.085x10° J heat will be provided in 1X3085X10"
‘ 7500
=411.3 second
Volume of the room 5x10x3=150m> = 1.5x10* /
Mole of air in the room at 27°C and 1 atm P,
_ PV _ 1x15x10*
RT 0.0821x300
=6.1x10°
Heat produced per sec by 50 students
=100x 50 = 5000 watt/se¢
Heat produced in 10 minutes
= 5000% 10x 60 watt = 3% 10® watt or 1™
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Change in enthalpy of air, AH = nxC p XAT
3x10% =6.1x10° x;zlx8.3l4><AT & AT =16.90

Thus, a rise in 16.90°C will be noticed in air temperature.
34.  AG® needed for 54 g Al =593 kJ

~. AG" needed for 27 g Al =5—"2’§ kJ

Heat produced when 50 kg mass falls from 2 m is Q.
Then, Q=mgh=50x98%x2=980]J
Thus, number of lifting and fall n = AG" _ M
0  2x980
i - =302.6
Thus, athlete should go for 303 lifting.
35. Mass of the plane =6.3x10"g
Height of the plane =8x10°cm
. Work required to lift it to this height = mgh
=63%107 x981x 8x 10° erg =4.9442x10'® erg
= 4.9442x10'
4.18x107
Efficiency of fuel is 30%

Work obtained by 1 mole fuel = %&;30 kcal

cal =1.1828x10° cal

.1 (;00’5 30\ cal work is obtained by 1 mole fuel

1.1828x 10° kcal work is obtained by 1 mole fuel
" 1.1828x10° x100
30x1300
=3033x10° x114g = 346x10°g
3.46x10° _ 3.46x10°
d 0.705
=4908x10° mL = 4.908x 10? litre
Cost of fuel = 490.8x 3 =1472.4 Rs.
36. Kinetic energy of bullet is converted into heat.
KE:%muz =%x18x10" x (500)2 =2.25x10° J

=3.033x10° mol

Volume of fuel =

_225% 10° keal = 0.538 keal
4.184x10°

q =KE=mSAT .. KE

AT ==2
mS
mS = msS for bullet + mS for wooden block
= (18x107 x 0.030+1x 0.50)
T= 0538
(18107 x 0.030+1x 0.500)
=1.08 K =1.08°C
Final temperature = (25.0+1. 08)=26.08°C
37 Mole of He = % =
14 _
Mole of N; = CT Qs

Also,

KE of He at 300 K=%x2x8.3l4x300=7.4833x10’ ]

38.

39.

40.

41.

625
KE of N; at 300 K =%x0.5x8.3l4x300- 1LE71%10 J

Now, since KE = -%M U )?

On doubling U ny , kinetic energy will becomes four times
of initial value
New KE of He = 4 x 7483%10° J = 2,99x10* J

New KE of N, = 4x1,871x10° J = 7484x10” J
Thus, for He 4x7483x10° = %lerxn

(Tis new temperature)
=%x 2X8314xT

% T=1200K
Now, heat given at constant volume to gases to heat them
from 300 K to 1200 K is

AHye = nxCy X AT =nx3 RXAT
" 2x%><8.3|4><(1200— 300)[c, for Hc=%R]

=2244781.
AHy, = 0.5x%x 8314 (1200 300) = 935325 J

[c, for N, =%R]

- Heat provided = 22447.8+9353.25=31801.05J
. =3.18x10* J
=.AH" isation) + AH (hydrationy = 778—774.3
=37kJ mo}™! =3700J mol™!
Asdiluion =43] ml_.l
. AGgisontion = AH—TAS =3700-298x43=-9114J
AG=-9.114 kJ
AH a1 = AH gyion + AH peating + AH vaporization
=10x80+10% 1% 100+ 10x 540 = 7200 cal
AH required for heating = mSAT + mSAT
(boiler)  (water)
=Q11x 900x 90+ 1xX 400x 90 = 44910 kcal
Since, only 70% of heat given is used up to do so.

Thus, actual heat required = w = 64157 keal

AH 4ot

The given reaction is :
Al;03(s)+6Na(s) —> 3Na,O(s)+ 2Al(s)
Hence, AG’=3xGy (Na;0)-Gy (Al,05)

(G* forNaand Al=0)
. =3x%(-377)- (-1582) = +451 kJ mol !
The reaction cannot occur since AG°(298 K) is positive.
Also, AG® =-2.303RT log o K
451 =-2.303x8.314x 107> x 298 log o K
Log K=-7904
K=91x10"%
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42,

43.

45.

46.

47.

48.

49.

Using Clausius-Clapeyron equation :
2.303log o ‘;1 Agv %
2.303RT\T; P,
M=y i
We have AH = 2.303 x(g?;f ;((;50(;3 x333
=31.1x10% J=31.1kJ

5.2x10*
1.53x10*

logo

AH
For entropy change of fusion, AS ; = Tf
Given, AH ; =6x10° J; T=273K
_ 6x10°
273

AH for cooling CD20=mSAT=%x 14x100=140cal

=21.97JK™ mol™!

*+ Cooling is exothermic AH = - 140 cal.
Now, =AH __140__ ¢ 1565 cal deg™

AH,

For entropy change of vaporization, AS, = T

AH, =408x10° J;

408x10° 10
B

AH =-11.7x10* J mol™
AS =-105Jmol™! K™
T=298K
AG = AH-TAS
=-11700- 298% (~105)=19590J
=+19.59 kJ
AG=+ve
= ZS product — IS Reactants
= ZXSHzo —‘[ZXSH2 +S02]
= 2% 68—[2x126.6+201.20]
AS =-3184 JK!

v,
2.303nRT logo V—’
49 _ 1

Wehave, AS = T 7

Given, n=1, R=8.314J, T=298K, )y =V, V; =10V
10V F et
- AS =2.303x1x8. 314log|o——l915JK'moI'

Given, T=373K

AS, = =109.38 JK™' mol™!

Given,

Since, .. reaction is not spontaneous.

AS Reaction

AS =2.303xmxC, xlog;—

360
,XA 801 =76.59J
1000° 260log 359 300

AS =2.303mxC xlog-Ti

=2.303x L

[whereminkgandC, in J/kg]
Enu'opy change for heating water from 27° to 100°C

AS =2.303»4180log 222 3(7)3— 910.55J

51

52.

53.

54.
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Entropy change for heating 1 kg H,0 to 1 kg steam at
100°C. o

as < AHy _BXI0° _ 1660

Entropy change for heating 1 kg steam from 373 t0 473 K,
m in kg. :
4 nC -d T 413 (1670+ 0497 )dT
J 373 I 373 T
473 1670dT 473
= '".[ 373 J 373

=mx1670x 2. 303(log T]37; +mx 049[T]73
=1x l670x2.303log-‘;—;—§+1x0.49x 100

0.49dT

=396.73+49=445.73J
Total entropy change =910.55+6166.21+445.73
=17522.50J

AH° for reaction
=[H'°nc14(/)+1'15; (g)-Hrio, —Ha, X2]

=[-804.2+0.0—(-944.7)- 0.0] =140.5 kJ
Also, AS* for reaction

.= ls{‘icu (1)+55,(g)-Sti0, () Sa, (8)% 2]

=[252.3+205.1-50.3-2x233.0]
=-58.9J=-0.0589kJ
Now, AG°= AH® —TAS
=1405-298.15x (- 0.0589) = 158.06 kJ
Positive value of AG °suggests that reaction is not possible.
Given, for the change
AH=30x10° Jmol™
AS =70JK™" mol™
For a non-spontaneous reaction AG =+ ve
Since, AG=AH-TAS .. AH-TAS should be +ve
or AH>TAS or T< AH
AS

< 30x10°
70
T<42857K
AG=AH-TAS
AG at equilibrium = 0
305=Tx0066

Also, s AH=TAS

. po305 _
o T= 202 =46212K

AG® =AH® -TAS®
=-41.16-300x (—4.24x 1072 )= - 28.44 kJ

At equilibrium :
AG3nk

and

AGhpk =-32.93-1200% (-2.96x1072 ) = +2.59 kJ

Thus, at 300 K, reaction will proceed in forward direction

and at 1200 K in backward direction.

Also, AG® =-2.303RT log K,
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At, 3oox,-2s 44=-2,303x8.314x10™ x300log X ,
: » =8.94x10*

Similarly, at 1200 K, K,= 0.77
mH;COOH(g ) — (CH3C00H)2 (g)

-um ““2
K. - (CH3C00H)2 - 0.982 - 1515.4
(CH;COOH)?  2x(0018)?

Now, AH° for dimerization=-2x33k]=-66k)
Thus, . AG® =AH® -TAS®
-2.303RT log K° =AH" -TAS®
-2.303x8.314x400x log (1515.4)
=-06x10° —400x AS"®
~24359.2=-66000-400AS *

AS" =_ﬂ§goﬁls—|o4,nan/mm

2
86, For a real gas, [P + %{‘]IV =nb)=nkT

If nh <<V, (a8 given), then ,
2 -
naly = v RL 14
[P-r ) ]V nRT or [ 2
Now work done in reversible expansion Is

Vi nRT dV Vana
w=-[PdV= j ~—~—--V +, v
2
-RTIO _l IIU n a]

0 O T |
-—nRTIogT,— na[V2 Vx]
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® SINGLE INTEGER ANSWER PROBLEMS @

1. 6 kJ heat is provided to a system as well as work 14, How much ol the following are lntcnulY° propertics?
cquivalent to 2 kJ is done on the system. The total change Vapour pressure, Molurity, Refractive index, Dielectric
in internal energy during these operations in KJ is ..., constant, Osmotie pressure, Molarity, Specific gravity,

2. Specific heat at constant volume of a monoatomic gas is Molar volume
0,078 cal/g. 1 mole of this gas requires 3 cal of heat to 15. Out of the following propertics how many are path
raise the temperature of | mole gas. The heat required to functions?
ruise the temperature through 1°C of 1 mole gas at « Heat enthalpy, Internal energy, Temperature, Work,
constant pressure is ...... cal, Heat, Specific heat

3. Exactly 3.0 g of carbon was burned to CO, in copper 16. Out of the following propertics how many are state
calorimeter. The mass of calorimeter is 1.5 kg and the functions?
mass of water in calorimeter is 2 kg, The initial Heat enthalpy, Internal energy, Temperature, Ecyy,
temperature was 20°C and final temperature was 31.5°C. Work, Heat, Specific heat, Resistance
If specific heat .ul' copper is 0.0826 cal/g-K, the heat 17. Out of the following propertics how many are extensive
value to closest integer of carbon in keal/g is ... properties?

4. A new element £ forms a compound with chlorine which Resistance, Electromotive force, lonic mobility, Dipole
contains 1,455 g Cl per g E. The specific heat of £ was moment, Heat capacity, Specific heat, Density, Specific
found 0.05 cal/g. If eq. mass of element is 24, what is x in volume

5 "l“:lc}\»{ el s AR 18. How many of the l'ollow_ing are imer.lsivg propenies? .

S. The enthalpy of transition of crystalline boron to Vapour pressure, Molarity, Refractive index, Dielectric
amorphous boron at 1500°C is 0.4 keal mol ™', Assuming constant, Osmotic pressure, Molality, Specific gravity,
atomic mass of boron 10, the change in enthalpy of Molar volume
!runsilion 50 g boron from crystalline to amorphous form 19. An ideal gas shows the cyclic process ABCA as
g represented by figure. The net work done during the

6. 1f AG and AS for the reaction : d(gy + B¢y —, Py at cycle is a PV. The value of @ is ......

300 K are — 600 cal and —10 cal/K. The AU for the T 6P |- B
reaction in keal is ...

7. At0°C, if enthalpy of fusion of ice is 1365 kcal/mol. The g
molar entropy change for melting of ice at 0°C is ...... § T -
keal. a 1A =_C

8. A certain number of mole of gas is allowed to heat from : :

300 K to 500 K at constant P. By doing so gas is Vi WV,
expanded to do work on boundries equivalent to Volume —»
9.9768 kJ. How many mole of gas were used ? 20. The work done in kJ on decomposition of 6.8 g H,0, in
9. ‘a’ mole of Na reacts with sufficient water in an open open ves: o ; K i p
vessel at 300 K. The work done by the liberated gas H, is v:luc of :eilsa-tnz.’lnc SRR 20 10" 1T
cquivalent to 4988.4 J. Whatisa ? N
10. Aqrcvcrsible reaction is carried out at 500 K, where its Al 3‘2;;?3%(3 g:l:el:: sh;t;;:sgacny ("! cal) &t consat
i s s o . containing 2 mole of gas

cquilibrium constant is unity. If AH® at 500 K is 4.0 kJ, 3 5 Y.

the value of AS* is equal to ...... 4 (CV = ER) and 2 mole of gas B (CV =§R) 80
11. A reaction becomes spontancous only at 500 K. IfFAH at S i

500 K is 3.0 kJ, the change in entropy at 500 K. = :; atg;ls e;‘f?,';ds adiabatically at constant Preamii et
12. A certain amount of gas (P =5 atm, ¥=2L, T=500K) in B34 e - The value of C,, :C, for it is a:2 The

state A is compressed to state B (P =2 atm, T= 100 K, value of ais......

V =7). The final volume of state B in litre is : 23. Two mole of an ideal monoatomic gas undergoes 2
13. One mole of monoatomic ideal gas at P = 2 bar and reversible process for which PV ? =constant . The gas

T =273K is compressed to 4 bar pressure following a
reversible path obeying P/V = constant. Assume

C, =12.5Jmol™" K™'. The value oféﬁ,q for this process

is minus.

expands from 1 litre to 3 litre starting from initial
temperature of 300 K and the value of AH for the
expansion in keal is ......
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24. The degree of freedom for a triatomic gas is ...... :'g ) CHR
25. An ideal engine operates in a camot cycle between 254 :
327°C and 127°C. It absorbs 9 kcal of heat at high = 3.0 Y
temperature. The amount of heat in kcal rejected to sink § el é
i8 .i.ein ] :
26. Following gases are placed at same temperature and 1.0
pressure and expanded adiabatically to double their bod : 2
original volume. 700 05 10 1.5 20 25 3.0 35 40 45 50 55 &0
02,N3, Ar,Ne,$0,,03, H;0,,Cl, Ve

How much of these gases will require the greatest
quantity of heat isochorically to restore their original
temperature.

27. One mole of an ideal gas is taken from a to b along two
paths denoted by the solid and dashed line as shown in
graph below. If the work done along the solid line is w,

and that along the dotted line path is w;, then the imtager
closest to the ratiow,; / w is ...... (IIT2010)

e

S e wmER—e [l

. i i J LS 9 Four 10 Bight 1L S 12, Owe
L . Fi _ Bight 4. Five 5 Two 6 Threc 7. Five 8, ‘
13 'E':::le l: ‘S:lc‘vl/ecn l: Tl:f:e 16. Three 17. Three 18. Seven 19. Nine 20, Two 21 Four 22 Thiee 2N Two M. Ny

25, Six 26, Two(Ar,Ne)  27. Two

“w

P
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2,

An cquilibrium Hexane ;) == Hexancey) oxists at

300K, If 29 kJ energy is absorbed for conversion of
1 mole hexane ;) to hexane vapours at 300 K, the change
in entropy during the conversion of' | g hexane ) to 1 g
hexane vapours is :

() 96.67 JK™!
() 0.097JK™! (d) 1124 x107* JK ™

If for the reaction at 300 K
2Mg s +02g) — 2MgO(,y; A, H =-1202 kJ mol™'
and A, § =-217.0 JK™" mol™". The total entropy change
(AS)r and Gibbs energy change during the course of
reaction (A, G) are respectively :

() 3.79x10% J,=1136.9kJ

(6)3.79%x10* J,+1000J

(c) +1000J,3.79x10% J

(d)-1136.9kJ,3.79x10*]

(b) 1124 JK™!

. Given,

2Fe¢ 203(.‘) — 4Fe(_‘) +302(8);
A,G; =+1487kJ mol ™
6CO(g) +302(y) — 6C0); |
A,G; =-1543.2 kJ mol™

Sclect the correct statement :
(a) A,G* for reduction of iron oxide by CO is + 56.2 kJ

mol ™!
(b) Fe,04 can be reduced by CO spontaneously
(c) Fe,0; cannot be reduced by CO spontaneously
(d) The reduction of Fe,0; takes part in higher part of

blast furnace. .
The net work done through a series of changes reported
in figure for an ideal gas is :

Y

3

Px 1075 Pa
A

1 E P

G H

1 3 5 €
vm?
(b)-7x10%J
(d)+12x10° J

For adiabatic cxpansion of a perfect gas % is:

(a) -6x10° ]
(c) -12%10°J

@4 ®) 1.9
24V

© -1 @-r%

OBJECTIVE PROBLEMS (One Answer Correct) : ::

6.

7.

10.

Numerical Chemlsrry

Specific heat at constant pressure of a diatomic gas
having molar mass M is approximately cqual to :
YR b) —1—
Vo)) ®) 27
RM
© s O
RO-D) T+

Which of the following is incorrect for the change shown
below ?
A,S1
aA +bB —— ¢C +dD
(298K) (298K)
A,S5 4 TA,S;

ad +bB —255 ¢C +dD
(0K) (0K)

(a) A, Sy =cS¢ +dSp — (aSy +bS5)

(b)A,S; =—[aSy +bS5]

(c)A,S3 =0

(d)A,S; =—[cSc +dSp]

In a thermodynamic process helium gas obeys the law

# =constant. The heat given to n mole of He in order

to raise the temperature from 7"to 2T is :

(a) 8 RT (b) 4 RT

(c) 16 RT (d) zero-

Which of the following figures given below shows
adiabatic process ?

mn
f Expansion ! N wm
P pl |
J :
i !
P V — - i e
(a) 11, 1II () 1,11

The following curves represents adiabatic expansions of
gases He, O, and O, not necessarily in order. Which
curve represents forO; :

log P |
" [
n

log V —=
(a)l (LR
(c) Il (d) any one of these
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11.

12.

13.

14.

15.

16.

17.

During an adiabatic expansion a gas

VT3 =constant . The gas must be :

(a) monoatomic (b) diatomic

(c) polyatomic (d) either of these

He, N, and O; are expanded adiabatically and their

expansion curves between log P and log V are plotted

under similar conditions. About the ratio of the slopes,

which one is not correct ?

(a) The ratio of slopes of log P vslog ¥ curves for He
and O, is 1.25

(b) The ratio of slopes of log P vslog ¥ curves for He
and N, is 1.20

(c) The ratio of slopes of log P vslog ¥ curves for N
and Oj is 1.05

(d) The slope of He is least steeper and for O; is most
steeper

Which expansion will produce more change in entropy

during reversible and isothermal process ?

(a) 1 mole H; at 300 K from 2 litre to 20 litre

(b) 1 mole N, at 400 K from 1 litre to 10 litre

(c) 1 mole O; at 500 K from 3 litre to 30 litre

(d) All have same AS

An ideal monoatomic gas follows the path ABCD. The

work done during the complete cycleis:

obeys

op|—t—» 8
T ~ Y
P &
1P D < Cc
v 2v
vV —
(@ -PV (b) -2PV
(©) —% PV (d) zero
Molar heat capacity of a gas at constant temperature and
pressure is :
3R ®)2R
@3 2
(c) depends on gas d) inﬁni'ty '
The maximum change in entropy is observed during
mixing of :
(a) 8.6 ghexane +10.0g heptane
(b) 8.6 g hexane + 5.0 g heptane

(c) 4.3 g hexane + 10.0 g heptane

(d) 1 g hexane + 10.0 g heptane

Heat of neutralisation of strong acid and strong base
under 1atm and 25°C is —13.7 kcal. If standard Gibbs
energy change for dissociation of water to H* and OH™
is —19.14 kcal, the change in standard entropy for

. = Sf
dissociation of water in cal K™' mol™ is:

18.

19.

20.

21.

22.

23.

24.

25.
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(a) 18.25 (b) 110.2
(c) -18.25 (d) None of these
C, and C, for a gas are 0,125 cal/g and 0,075 cally

respectively. Which one of the gas has these values?

(a) He (b) Oy

(c) Ar (d) Ne

An ideal gas is allowed to expand both rcvenibly ,“f'd
irreversibly in an isolated system, If7; is lec initial
temperature and 7 is the final temperature, which of the
following statement is correct?

ﬂ) (T )Inov. > (T )n:v.

ﬁb) Tff> T, for /rcvcrsiblc process but 7, =T; for

irreversible process

(© (Tj)rev, = (T/)lmv, . .

a7, =T, for both reversible and irreversible process
The W/ Q of a camot engine is 1/6. When temperature of
sink is reduced by 62°C, this ratio becomes twice,
therefore the initial temperature of the sink and source
are:

(a) 33°C, 67°C (b) 37°C, 99°C
(c) 67°C, 33°C d)97K, 97K
A scientist says that the efficiency of his heat engine
which works at source temperature 127°C and sink
temperature (27°C) is 26%, then :
(a) it is impossible
(b) it is possible
(c) it is possible but less probable
(d) data is incomplete

In a closed insulated container, a liquid is stirred with a
paddle to increase the temperature, then which of the
following is true:

(a) AU =w#0,g=0 ~ (b)) w=0,AU =q#0

(c) AU =0,w=g =0 (d) AU =w=g#0

An ideal gas heat engine operates in a camot cycle
between 227°C and 127°C. It absorbs 6 kcal at the higher
temperature. The amount of heat converted into work in
kcal is equal to:

(a) 4.8 (®)3.5
(c) 1.6 (d 1.2
On the basis of reaction : %AHO;—)%A]:O;;

AG =-827kJ mol ™' 0fO,, the minimum emf required to
carry out electrolysis of Al,Oj is:

(a) 6.42V (b) 8.56 V

(c) 2.14V (d)4.28V

The densities of graphite and diamond are 2 and 3 g/mL
at 298 K respectively. If the AH — AU for the change
Cg = Cp is equal to 100 J mol ™', the pressure at which
graphite will be transformed into diamond is:

(1) 5%107 Pa (1)9.92x10* Pa

(c) 9.92x10" Pa (d)9.92x10" Pa
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- 26.

27.

28.

29.

30.

31

32.

33.

One mole of an ideal gas at an initial temperature T K,
does 6R J of work adiabatically. If the ratio of specific
heats of this gas at constant P and V respectively is 5/3,

the final temperature of gas will be:
(a) (T +2.4)K () (T-24)K
) (T+4)K d)(T-49)K

Considering entropy(s) as the thermodynamic
parameter, the criterion for the spontaneity of any
process is:

(@) AS gy +ASgry >0 () AS,s —AS.,, >0

(c) Only AS ., >0 (d) Only AS__, >0

The mola: specxﬁc heat at constant pressure for an ideal
gas 1s R Which of the following is correct:

@y= 1.44, and atomicity = 3

(b) Y =1.33, and atomicity = 3"

() Y =1.66, and atomicity = 1

(d) Y =1.44, and atomicity =2

The enthalpy and entropy change for the reaction:
szu) +Clz(g) e 2BrCl(g)

are 30 kJ mol ™" and 105 JK ™' mol ™ respectively. The

temperature at which the reaction will be in equilibrium

is:

(a) 450K (b) 300K

(c) 285.7K (d)273K

If Q,U and W denotes respectively the heat added,

change in internal energy and work done in a closed

cycle process, then:

(a) AU =0 ®0=0

() W=0 ) Q=W=0

For the reaction : Pcls(g) —)PCl3(x) +Clz(g), which
one is true ?

(a) AH =—ve; AS =+ve
(b) AH =+ve;AS =+ve
(c) AH =+ve; AS =0
(d) AH =+ve ; AS ==
A system works under cyclic process as shown in figure.
Heat absorbed during the process is:
@ Zx10%J
22
o=
22
=

For two mole of an ideal gas:
(@ C,-C,=2R ®)C,-C,=R
) C,-C, =§ (d) none of these

x103 J

2251047

x10° J

10
P (in Pa)

The PV diagram shown in figure is in circle for a cyclic
process. The work done during the process can not be
given by:

35.

37.

39.

40.

41.

42,

Numericz! Crerigry
A

@)= x(Pz Py s

" =) ¥
(b)zx(”z-y;) /‘L ~., _&,
() (P, —Py)x ("2 -¥1) | : -
@5 (P =P)O2-71) T PR
An :dml gzs shows P—V work
donemcychcp—ocesasshcﬁ:\“t;"
figure. The net work dome by S| |
gas during the cycle is | -1
(a) 2P, L E W
(®) 6P, | & :
(©) 9RY; v @
(d) 3RV,

The work donz by 3.4 g H-0.,
I-I-Ou,md0~ ,mvmzlma:

(2) -32x10°J ®)=32x107 J
(c)124x10° J @-126x18°J

During zn adizhetic procsss pressers of S mm =0,
The Poison’s rz5io for ges i

on dEromresTtur ™

3 S
@3 ®3
©7 @3

Plos of P \stmad:&:i’-ba._.ﬁnimcEm
gases 2s shown In Sgore. Winch of The smn=mer

correct:

(2) C is for monoztomic gas %
(b) B is for distomic gas =\ =
(c) A is for poly=romic ges \\:
(d) All of these W

hmepmm!mﬁs:mmam‘mm
isochoric, isothermel, isoberic =nd Soemmopic TEAES
are respectivelyv:

(3) B4, 4D.DC.C3 AT
() DC. CB. 34, 4D s \\f
(c) 4B. BC. CD, D4 —

(d) CD, D4, 48, 3C
Asanmlcofmﬂedgs‘sax;m;min:r‘ns
in a reversible process for wich P = X7 dromg X =2
barm ™. Work done by the gas i (e m D) i

(@) 3.2 RWEAY

() 32 @

100 mole of an ides] gas 8t R21 som i hawnad 1 Showd
linear graph betwoen log ¥ and g Tl The sope o e
line is:

(@) \2 M1
3 @i

An ideal gas at 27°C s compressad adiadaticsy w837
of'its onginal vohume ity = 5‘ Thon TN T RepemRir i
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(a) 405K (b) 225K
(c) 375K (d) 305K
43. The pressure(P) and density(p) of a diatomic gas

45.

47.

49,

(‘y:%) changes from Pyp, to P,p,. If g—'=32, the
2

value of%is 3

(a) 32
(c) 128

1
(®) n
(d) 164

. An ideal gas expands isothermally from a volume ¥; to

V, and ‘then compressed to original volume V;
adiabatically. Initial pressure was P, and final pressure
was P;. The total work done is w, then:

(@) P;>P,w=+ve () P; <P,w=-ve

(c) P, >P,w=—ve (d) P =P,w=0
In which of the following graphs work @
done is maximum ? f
=
®b d N
) c
d)d

in figure. Maximum temperature of the gas during the
process AB is:
4PV,
@ nR
Py
-7
2PVo
© =R
3PVo
(d) ’IR .y . . .
Molar heat capacity of water in equilibrium with ice at
constant pressure is: o
(a) zero (b) infinite l 1
(c)40.45KJK ™' mol™"  (d) 75.48 KJK ™ mol”
Assuming complete dissociation of 1 mole each of H,,
N,,0, andCl, into respective atoms ie., in monoatomic
gaseous atoms under identical conditions of P, ¥ and T,
which will show greater entropy ?
(@ Cl ®O0
©N (dH )
One mole of an ideal gas is compressed 1sother‘mally to
half of its initial volume and then heated to twice of its
temperature under isochoric condition, the change in

entropy is :
(@) C, In2 () C,p In2
(c) RIn2 ) (C, —R)In2

. A gas expands adiabatically such that its temperature

T o« L The value of poisson’s ratio (y) for gas is :

W

ViV v,
. nmole of an ideal gas undergo a process ABC as shown

51.

52.

53.

55.

(a) 1.30 (b) 1.50
(c) 1.70 (d)2
A sample of an ideal gas at pressure P and volume V
proceed for an isothermal process showing an entropy
change of AS. The work done by the gas is :

PVAS

_ —-nRAS
(a) R (b) .
(c) -PV C) 7
Given: -
Fe,0;(s) +3CO— 2Fe(s) +3CO; ; AGysec =—10 kJ
1 mole 1 mole

What is the value of AGsec for
2Fe(s) +3C0, == Fe;,03(s) + 25.,?,

2 mole
(a) +10kJ (b)+11.717KJ
(c) 8.28kJ (d)9.45kJ
How many times a diatomic gas should be expanded

adiabatically to reduce its root mean square speed to

half?
(a) 16 (b) 40
(c) 32 (d) 8

One mole sample of a monoatomic ideal gas is allowed to
proceed for a given cycle as shown in the figure :

>
w

V—

(in litre)
The temperatures at 4, B and C (in K) are respectively :

(a) 273, 546, 273 (b) 546, 273,273
(c) 273,273,273 (d) 546, 546, 273
n mole of an ideal gas undergo a process ABC as shown

in figure. Maximum temperature of the gas during the
process AB is :

I,

..... A(xy, Y1)

3P,

Poq----- B(x2- y2)

Vo 3Vp
v —
4PV, Py,
® R ® 7
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© 2PV ) 3PV (c) Work done on gas at constant wmpcrawrc
nR nR (d) Cyclic process
56. Molar heat capacity of water in equilibrium with ice at 64. ForwaterAH,,, -540"31 g ' AS for water at ity boiling
constant pressure is : point 100°C in cal K~ 'mol™ is :
(a) zero (b) infinite (a) 540 (b) 1.45
(c) 4045kJK'mol™  (d) 75.48 kJ K" mol""! (c) 26.06 (d) 35.60
57. Ablock ofiice at—10°C is slowly heated and converted to 65. The efficiency of an engine operating between 1
steam at 100°C. Which of the following curves and an unknown temperature T is 23.3%. What is 79
represents the phenomenon correctly. (a) 394K (b) 294 K
(c) 194K (d) 494 K
I T 66. Enthalpy of vaporisation of a certain liquid is 24.914 1
Temp Temp R mol™' and the entropy of vaporisation is 9463
® ® JK™'mol™". The temperature at which both the phase;
Heat g — coexist is : i
LR Fiaatsupplied — (a) 263.12K (b) 363.12K ‘
' (c) 10K (d) 110K '
T T 67. The enthalpy of a system increases by 50 kJ when its |
Temp Temp internal energy lS increased by 113 kJ. What is the
© (d) pressure in k Nm of the system if the volume of gasis |
reduced by 10 m? at constant pressure ?
Heat supplied — Heat supplied — (a) 16.13 (b) 6.3
()5 (d) 30.2

58. Select the incorrect statement :

(a) during adiabatic change specific heat is zero #0 Ihesrenction; Detpeeen Hy mnd Og o prodces wite |

vapour is given by the equation

(b) during isothermal change specific heat is infinite 2H +0 —2H,0 ;
(c) the ratio of the slopes of adiabatic and isothermal 'I'h:, (fgrk d(zn(li)at STP is 2 @ }
change is equal to y (a)-2277 (b)+2.2713 i
(d) a room can be cooled by opening the door of a (c) —2.27kJ (d)+227kJ !
running refrigerator in a closed room 69. The molar heat capacity of a diatomic gas at constant |
59. Select the incorrect statement : pressure is :
(a) work can be completely converted into heat (a) 8.314 JK ' mol ™! (b) 20.8 JK ' mol™! ‘

(b) heat can be completely converted into work
(c) chemical energy a part of internal energy can be 70
converted into kinetic energy
(d) during condensation, kinetic energy remains
constant
60. A mixture contains 7 moles of monoatomic gas and n,
moles of diatomic gas. If’y =1.50 for mixture, the ratio of

(c) 29.1 JK ' mol™! (d) 28.0 JK ' mol ™
. Select the correct statement about

CH,4(g) +20,(g) — CO,(g) +2H,0(g)

(a) work is done on surroundings

(b) work done is negative

(c) work done is positive

(d) no work is done

nimis: ) 71. The change in internal energy (in J mol ") of 1 mole of a
(@l:1 ®1:2 diatomic gas when its temperature increases by 15°C.
©2:1 (d2:3 ' (@) 75 (b) 311.75 '
61. For the reaction, 2Cl(g) — Cl;,(g), the signs of AH () 41.59 (d) 83.14 ‘
and AS respectively are : 72. Select the correct statement : ‘
(a) +,- )+, + (i) standard Gibb’s energy has no effect on equlhbnum
OES @-+ constant
62. What is AG for the reaction X,0,4(/) —> 2X0,(g); at (ii) standard Gibb’s energy is proportional to logarithm
27°C Given AU and AS are 2.1 k cal mol™" and 20 cal of equilibrium constant
K 'mol™ : (iif) equilibrium constant can be obtained from stand”d
(a) 2.7k cal (b) 1.5k cal Gibb’s energy
(c) 3.3kcal (d) 4.4 k cal (iv) only K, can be obtained from standard Gibb* 5
63. Which process is isothermal and adiabatic both ? energy
(a) Free expansion of ideal gas (a) (i) and (iv) (b) (ii) and (iii)

(b) Work done by gas at constant temperature (c) (i) and (ii) (d) (iii) and (iv)
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73. For a given reaction AH = 35.5 kJ mol~! and AS = 83.6 74. A gas is allowed to expand in a well insulated container

~“mol” ion i £ 2.5 atm from an
JK'mol ™. The reaction is spontaneous at :- against a constant external pressure O
(Assume that AH and AS do‘::)t vary with temperature) initial volume of 2.50 L to a final volume of4.50 L. The
(a) T<425K () T>425K change in internal energy AU ofthe ga;s injoule will be :
(a) 1136.25] (b) -500
Epeiergines TR (c) -5051] (d) +505J
- | I SOLUTIONS (One Answer Correct) | I -
29x 10 i _ 8. (d T=KxP¥
ok S ) —SSATIR: ()PV RT=R.K.P¥3or P*xV=K'or PV =
-%—1 124)K g™ or PVY =K' (yforHe= 5/3)
2. (@ AG=AH-TAS -, Process is adiabatic and AH = Q

1
=-— —(- -3 . 9. (a) Adiabatic slope are more steeper than isothermal
o2t 0, Jeny==iisa s Slope of adiabatic process =YX slope of isothermal
process
10. (a) PV =constantorlog P=—Y log v ;

.5
yis slope for P — V plots for He, 0, and O3, i. 3%

Heat released will be absorbed by the surroundings to
increase the entropy of surroundings.

1202x 10 3 -1
=41202x107 _ 4 1
AS g, =+ 3 +4.01%10° J mo!

AS = =217+401x10° =+3793 Jmol ™

and % respectively.
3. ) A, G’ for 2Fe;0; +6CO— 4Fe+6CO;

11. (c) VT3 = constant,

=A,Gf +A,G; l Also, yr! T constant for adiabatic expansion
= +1487-1543.2=-562kJ mol™
; y-l _ _
The reduction occurs spontaneously in lower part of < v.T constant or ——'Y i 3
blast furnace.

4 .
=2, i.e.,polyatomic gas.
4. (b) Net work done= Area covered by PV curve ® ¢ 3 i.e.,polyatomic g

= Area of AABE + Area of square BCEF

12. (d) Ratio of slope = YCTE L. one for He, N; and O,

+ Area of ACDF v for gas II
_[ 1 (3%10° ~1x10° ) 2] are 5/3, 715 and 4/3 respectively.
2 ; 13. (d) AS =2.303nR log-2=2.303x1x8314 log 10
+3x10’x2+%[(1>‘105'3x1° x1] hi v
=1915JK™" mol™.| 2 =
._._[2><105+6x10’—1X105]=—7><105J 5] mol (Vl lOforall)
5. (c) For adiabatic expansion PV'? = constant 14. (a) Net work done during the complete cycle is equal to
On differentiating p.y.y‘f" av+v? dP— 0 area under the cycle (—ve if cycle is clockwise, i.e.,
dP V work done by the gas and +ve when cycle is
P, y1lgy =v1dP or Z-=-Y— dV e V anticlockwise, i.e., work done on the gas)
w=-PXV =-(2P-P)x(2V -V)=-PV
6. (a) c,-C,=R 15. (d) (%”—) = oo 5 Cp=oe
— AN, T P
==y (8T is zero at constant Pand 7)
€ _ 16. (a) Mole of hexane=35=0,
_c:__y (a) e exane 86 0.1,
¢ R Moleofheptane-l—-OI
c ——— —
Py M Also, AS = R £X -In X, when X is mole fraction.
p(LiL!ﬁ 17. (b) AG® =AH'-TAS® AH" for
Y o % H,0=—=H" +OH" is + 13.7 kcal
=M AS® = AH'-AG" _ +137+1914
-0 T 298

7. @) A,S;=XSp-ISr= cS¢ +dSp —0-0 =0.1102 kcal K™'mol ™' =110.2cal K™ mol™



18.

19.

20.

21.

22.

25.

26.

27.

28.

29.

©
(a)

)

(@)

(@)
@

©

(@

@

(a)

@

©

C,-C, = . M =40,i.e.,gas is Argon.

- R®

Work done in (-ve) reversible process is maximum.
Thus, in reversible process Tt rev. << T irrey,

L-Nh_1
=TT e
220 =62) 5
S I
~T; =312K=99°C
T, =310K=37°C
Efﬁciency=1-r“*"‘
Tource

=l-%=25%

g = Ofor insulated container.

o T
(7}, T; are temperature of source and sink respectively)
W____400
6x10° 500
W =1.2x10? cal = 1.2 kcal
AG = -nEF 4e+(0°), » 2072
—827x10° = —4 x E x 96500
_ 827x10° _
= 96505 =214V

Vb

mL
C(G) b d CD
Ve mL

NS wig

AH=AU+P2V2—P|V|
AH-AU=Px{Vp -V;)
-10%J= -I—Z—B]xm"
10 J—Px[3 >
2

=19 _5x10" Nm™

10 x2
Work done by gas adiabatic process

X(T; =T
=TR1[T"-T/]=%—/2=6R
3
TI—T,=—4
Tf =[Ti—4]K

For irreversible process which are spontaneous
ASy +AS o > 0. ; ;
= - C.=1R-R=32R
C”_ER ~C, 2R R 3
; 7=&-1_1.44 i.e.,diatomic gas.
C, $§
Ateq.AG=0

from AG = AH -TAS

30.

31.

32.

33.

34.

35.

36.

37.

38.

()
(b)
(@)

.

Numerical Chemisrry

For a cyclic process change in internal energy AU i
zero.

Decomposition of PCls is endothermic process, Ajso
formation of two gas results increase in disorder.

For cyclic process dU = 0, on absorbing heat work js
done by the system

. g=dU+(-w)

*. g =-w= area occupied by cimle

(®)

©

)

C)

(a)

(d)

=22 2 _
= ==x10
1!" 7

2,102y
T
C,-C, =R as the value of C,, and C, are expressed

for 1 mole.

No doubt the difference in molar heat capacity, i.e.,
xp -2, = 2(Cp -C, )= 2R

For cyclic process ; ¢ = —w= area occupied by circle

=nx(P2 zpl)[Vz ;V,)
(P, =P )x(V2-W)

(P,-PR)? =E<V2—V. ¥

* P, —P =V, -V, forcircle

Net work donc =wyp +wpc +wey  (All are
clockwise)

(wyp is expansion work, wpc is compression work

=[‘—(P2+P1)(Vz )]+P1(Vz —¥1)+0

I
4
L
4

=[——(6P.+P.)(3V. )]+P.(3V| )

=-TRV, +2RV; =-SPV,
2!-[202(,) -> ZHZO(,) +02(3)
34
Mole of H;0,=22 =
ole of H,0, 34 a1
" Mole of O, formed = 0.05

" Work done by the gas 0, =P x AV
= AnRT =-005x298x 8314

=-123.86J
2
For adiabatic process T'~Y . P = constant
PeT? . PT™ =constant
or Y -3 . y=3
I-y v 2
For adiabatic expansion
PV =constant
YPYY\dv +¥Tap =0
deV +VdP =0
Slope = 42 v -L
For mono atomic slope =- ME
14P

For diatomic slo
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For polyatomic slope = -

1.33P
vV

39. (d) CDis isochoric as ¥ remains constant.
40. () [dw=-[Pdv

3
- _6[___]=-6x2—36 =52barm’

= nRT _ 100x0.0821xT _ .
P 821 -
logV =logT

or slope of line is 1.

2. © 2= (V_l)H

41. (b)

(- Ty =constant)

L "

5
L, (2)3" =9
L 8 4

=%x300=6751(

rise in temperature = 675 — 300 =375 K
43. (c) AV =PV}

A_ YAT -_-(P_l)y =(32)"5
P, (Vl P2 &)

=(2%)"5 =27 =128

orw=-ve. 5
45. (a) Work done = Area under P-V curve T 3
between volume ¥; and V5. p|P1
46. (a) Equation of line AB is
Y, -1, V.
-Y, = X-X 1
Flpmar X, ( 1) v

3Py — Py
P-3Py =222 (V-Vo)
L7 7 0

or mRT =3P —L2.¥? 4P
Vo
Differentiating w.r.t. ¥ g
av

For max. value of T, % =0

KX P°[4-z]=0 or V=2V,
Yo

Now from (ii)

NRT gax = 6Po Vo -%-Wo’ +Py -2V = 4PV

=

44. (c) Slope of isothermal curve is lesser than adiabatic and
thus PV work done in compression is lesser than PV
work done in expansion, i.e., net work is done by gas

nRAT _ 3p, 3P0y + o = 4Py -%"-V
0

_ 4P,

* T nR

41. (b) AC, =L Atequilibrium AT =0
14

48. (d)

49. (d)

50. (b)

51. (a)

52. (a)

53. (c)

AT
Due to low molar mass, H-atom will move more fastly
and thus show more disorder.
During compression for isothermal process
(--%)
2
(I;=20;)

A.S:annﬁ=—Rln2
4

During heating for isochoric process
AS=nC,In2=C,In2
T
Thus, total change in entropy =C, In2—Rn2
=(C,-R)n2
For adiabatic process TV 7~ = constant
Given T'(V')"/? = constant

1

—1==

=2

or . y=3=15
_As_g=Workdonebythegs(W)

T T

W =-AS xT = —ASXPV

nR .

Initial equilibrium
AG=AG+RTInQ

3
—10=AG°+RTIn Q-)—
ay

AG°=-10KJ
Thus, AG® for the reverse reaction =+ 10000 J
2Fe(s)+3COz ‘:‘Fe203(s)+3C0 >

2 mole 2mole

AG®=10000J

@’
Also, AG=AG° +2303RTlog;o =L -
@7
=10000+0
=10000J
e, _ [T
Umny VT2
2Xu = Zl_ 2 _ ¥ty
u T, e
T
R T
ie., )= Tl
From TV~ = constant for adiabatic expansion

rl'r|y~l ~ T;l'.'"

» 1=
or [.'.L v ,I:_x_l
vy T



54. (a)

55. (a)

or

56. (b)
57. (a)

58. (d)
59. (b)

60. (a)

61. (c)

Va
or -_—=
7 32
PV _ 1x22.44
AtA: T =:L=- X84
L= R = Ix00821 2P &
. PV _ 1x44.88
AtB: T,=-L=_X3300 _
2=k ~ixo0821 10K
. PV _ 0.5x44.88
CAtC: Ty =il =22X43.80
3=F = Troos 0N
Equation of line ABis Y - Y, = (s X-Xy)
X, -X,
3Py - P
P-3Py==0""0(y_ i
R A G VN0

nRT _ap __Po

-~ 3Py = VO(V Vo)

nRT=3P0V—I;—°V2 +PV ... (i)
0

Differentiating w.r.t. V

nRdT _ _2p _ 2
_dV 3Po —Vo V+ Po = 4Po Vo ¥
dT
F .value of T, ===
or max. value o v 0

P°[4-V1]= 0 or V=%,
0

Now from (ii)
NRT gy = 6PoVo —% V2 +Py2Vy = 4PV,
_ APV,
Toowx = nR
ac, =4 Atequilibrium AT =0
At fpt. and b.pt.,, curves become parallel to x-axis
during phase transition.
Rest all are correct.
It is against the 2nd law of thermodynamics.
xR in xR
PRt Wil WGl
. ny +ny Am +ny)
5 TR
P o w m X3+M X" SRy +7Rn,
P m4my 2ny +ny)
Cp,,, =1.50= 5RX’I| +7TR X ny
E‘:—_ U7 3Rxn +5Rxn,
or 4.50Rn, +7.5Rn, = 5Rn; +7Rn,
0.5Rn2 = 0.5Rn,
n_
ny

Formation of bond releases energy i.e., AH = — ve.
Also entropy decreases during association ie.,
AS =-ve.

62. (a)

63. (a)

64. (c)

65. (b)
6. @

67. (b)

68. (c)

69. (c)

70. (d)
7. (b)

7. (b)
73. (b)

74. (c)

Numerical Chemistry

AH = AU + AnRT
=2100+2 %2 % 300
= 3300 cal/mol
AG = AH - TAS
= 3300 ~ 300 % 20
= 2700 cal
For free expansion Py = 0;dw=0;dg=0;
du=0 andso dT=0
AH _ 540%18
AS ===
=26.06 cal K™ mol™'
_n-T
o
233_383-T
100 383
T=294K
Liquid == Vapour
AH =TAS 3
AH _ 24914x10° _
T=TS-=W—263.|2K
AH = AU + PAV
AH—-AU _ 50-113 _ -2
P=._AV__-_—10—-6.3 kNm
w=PV,;-W)
AtSTP, P=101325Nm™
Initial volume = 3 x 22.4 dm’
=67.2dm’ =67.2x10m™
Final volume = 2 x 22.4 dm>
=448dm’ =44.8x10> m™
w=101325%[44.8x 10> - 67.2x107]
=-101325x22.4 %107

cal mol™!

For: AG=0

=-227K
_5 7,_7%x8314
C == == D e—
L 2R+R SR 5
=29.1 JK ' mol™

An=0
AU=nxC, xAT=1x%x8.3l4x15= 311.75
AG°=2303RTlogK ,

For a spontaneous reaction, AG = —ve, Thus from

AH <TAS
AH _ 35.5%x1000
T —_—= - =
> AS 3.6 425K

q = 0(For insulated systems)
From I law g = AU + (=) Work done by the system
AU =+W
AU =W =-P, XAV
=-2.5x(4.5-2.5)
=-5L-atm
=-5x101=-505]J
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_® PREVIOUS YEARS PROBLEMS @

by

1. A monoatomic ideal gas undergoes a process in which

the rati‘o of ]P to¥ at any instant is constant and equals to
1 atm litre ™. What is the molar heat capacity of gas?
(IIT 2006)

4R
@ OES

o

. Which one of the following statement is false? (IIT 2001)

(a) Work is a state function

(b) Temperature is state function

(c) Change in the state is completely defined when initial

and final states are specified

(d) Work appears at the boundary of the system

. Inthermodynamics, a process is called reversible when :
(TIT 2001)

(a) surroundings and system changes into each other

@3

(b) there is no boundary between system and
surroundings

(c) the surroundings are always in equilibrium with
system

(d)the system changes into the surroundings
spontaneously

. One mole of a non-ideal gas undergoes a change of state
(2.0 atm, 3.0 L, 95 K) = (4.0 atm, 5.0L, 245 K) whena
change in internal energy AU =300 L - atm. The change
in enthalpy (AH) of the process isL-atmis: (IIT2002)

(a) 40.0

(b) 42.3

(c) 44.0

(d) not defined because pressure is not constant

. Two mole of an ideal gas expanded isothermally and
reversibly from 1 litre to 10 litre at 300 K. The enthalpy

change (in kJ) for the process is: (11T 2004)
(a)11.4 (b)-11.4
()0 (d) 4.8

The enthalpy of vaporisation of a liquid is 3|0 k:llmol'I
and entropy of vaporisation is 75 J mol™ K™ The

boiling point of the liquid at 1 atmis: (1IT 2004)
(a) 250K (b) 400K
(c) 450K (d) 600K

. When one mole of monoatomic ideal gas T K undergoes
reversible adiabatic change under a constant extanaI
pressure of 1 atm changes volume from 1 litre to 2 litre.
The final temperature in kelvin would be:  (IIT2005)

T 2
@ (2)213 O T+ 3 x0:;081 ‘
©T AT -3500821

8.

10.

11.

12.

13.

14.

The direct conversion of 4 to B is difficult, hence it is
carried out as :

A—C—D—B
Given, AS(4-c)=50eU; ASc-p)=30eU;
AS(3_, p) =20 eU; where eU is entropy unit. Thus

change in entropy in (4 = B)is: (IIT 2006)
(a) 100 eU (b) 60 eU
(c) - 100 eU (d)—60eU

For the reaction : H,O(;y (1 bar, 373 K) — H;0y

(1 bar, 373 K), the correct set of thermodynamic
parameters is: (IIT 2007)
(a) AG=0,AS =+ve (b) AG=0,AS =-ve

() AG=+ve,AS =0 (d) AG=-ve,AS=+ve

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 J of
heat. The values of ¢ and w for the process will be :
(R=8.314J/molK) (In7.5=2.01) [JEE (Main) 2013)
(a) g=-208J, w=+208J (b)g=+208J,w=+208]
(c) g=+208J, w=-208J (d) g=-208J, w=-208J
For the process

H,0()—> H,0(g)

at T7=100°C and 1 atmosphere pressure, the correct
choiceis: [JEE (Advanced-IT) 2014]
(a) Asmﬂ-n >0and Asmm >0

(b) AS gygem >02and AS grrounding <0

(©) AS yyem <02and AS grrounding >0

(d) AS ystem <0and AS qrrounding <0

One mole of an ideal gas at 300 K in thermal contact with
surroundings expands isothermally from 1.0 Lto 2.0 L
against a constant pressure of 3.0 atm. In this process, the
change in entropy of surroundings (AS ;) in JK™" is :

(1Latm=101.3J) [JEE (Advanced) 12016
(a) 5.763 (b) 1.013

(c) -1.013 (d)-5.763

AU isequalto: [JEE (Main) 2017)
(a) Isochoric work (b) Isobaric work

(c) Adiabatic work (d) Isothermal work

The standard state Gibbs free energies of formation of C
(graphite) and C (diamond) at =298 K are
A ;/G° [C (graphite)] = 0 kJ mol™'

A ;G° [C (diamond)] = 2.9 kJ mol ™'

The standard state means that the pressure should be 1
bar, and substance should be pure at a given temperature.
The conversion of graphite [C(graphite)] to diamond
[C(diamond)] reduces its volume by 2 x 10~ m *mol ™. If
C(graphite) is converted to C(diamond) isothermally at T
= 298 K, the pressure at which C(graphite) is in
equilibrium with C(diamond), is :



[JEE (Advanced) I12017]

[Useful information : 1J=1kgm?%s~2;
1Pa=1kgm™s2; 1 bar=10° Pa]

I emmarmrmmm—

1. (a)

(57), =(7),

(&7),
Now PV =RT

or (Vx1)-V=RT [ §=11atm"]
or V2 ZRT

&) _R
i zy(sr) 1

oF (5_”) = R
oT 2V x(latm /™)

C,=C,+BXR _3p R

3p+R L P_
1% —2R+2 2R ('V l)

Work is not a state function. State functions are P, T, V

- U, H, 8, etc. State functions are path independent. -

7. (a)

During reversible process, the internal equilibrium is
disturbed only infinitesimally small and in the limit, it
is not disturbed at all. Thus, system and surroundings
remain in equilibrium.
H=U+PV
AH =AU +A(PY)
=AU+PR (V,-N)+V2 (P -P)
=30+2(5-3)+5%(4-2)
=44 L-atm
For 1 mole AH = AU + PAV
=C,(I; -5 )+R(TI2 -T)
AH=(C,+R)(T;-Ti)
=(C, +R)AT
AT=0
AH vap.

Wl =K
lel'l—l = TZV{'I (»Y:é)
TIV|2/] = T2V22IJ
o L) =n@)"
A
(2)213 (2)213

or T,=

() 14501 bar
(c) 58001 bar

8. (b)

e

- (2)

10. (c)

11. (b)

12. (c)

13. (¢)

14. (a)

Numerical Chomisty, |

(b) 29001 bar
(d) 1450 bar

=50+30-20=60eU
(ASpp =20, .~ ASp.p=-20)
S g > S and the process is spontancous at 100°C and |
is in equilibrium. Thus AG =0
Thc given process is isothermal, hcncc AU=0
q=-w
q=208]
w=-208] (i.e. work done by the system)
At 100°C and 1 atmosphere pressure, water shows
equilibrium in two phases as H,O(/)+— HzO(g)
and thus for equilibrium AS ,,,; = 0and

[

{

l

1

AS 4,5 =AS44c+AScop+ASy ., i
\

\

\

\

Assyslem"'ASmmiding =0

.For change of liquid to gases state, AS ; is +ve and

therefore AS g, will be — ve.
i AS ygem > 0and AS grrounding < 0

AS. =dsm _ s _Wes
T T T

¢: Isothermal expansion = AU=0)

~Pea V- - 1 K
AS gy =2 Tf 3%0 )L atmK™
=-00lLamK™ =-0.01x101.3 K™
=-1.013 JK™
Note :

The temperature of surroundings has bes
assumed to be 300 K.

For adiabatic process, ¢ =0
From 1st law of thermodynamics, AU = W

AG°=AV.AP
=2x107°AP
_AG® _ 29x10° x10°
or AP==—"_=2=72"1 X1U
ING R
9
AP =1.45x10°Pg = L:45%10" por
10°
=1.45%10"bar ;
Pr —1=14500bar
or Pr =14501bar [
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Thermodynamics
: 2 .
g OBJECTIVE PROBLEMS (More Than One Answer Correct) g
1. Select the correct statement ; (a) C, =5cal (b) ¢, =0.156 cal
(a) There is a natural asymmetry between converting ©C, = Ry @C, = -R
work to heat and converting heat to work. 7o y-1 y-1

(b) No process is possible in which the sole results is the
absorption of heat from a reservoir and its complete
conversion into work.

(c) For every chemical reaction at equilibrium standard
change in Gibbs free energy is zero.

(d) A constant temperature and pressure, chemical
reactions are spontaneous in the direction  of
decreasing Gibbs energy.

. Which of the following are intensive properties?

(a) Heat capacity (b) Refractive index

(c) Specific volume (d) Entropy

. Which of the following are extensive properties?

(a) Elevation in b. pt. (b) b. pt.

(c) fopt. (d) E°of cell

. Which one is not correct for a cyclic process as shown in

figure?

30
P 10
kPa
10 30
Vinm® —
(a)dU=0 b)g=-w
(c) 314] (d)31.4]

. If wy,w,, w; and w; are work done in isothermal,

adiabatic, isobaric and isochoric reversible expansion for

an ideal gas then :

(@) w3 >m ®) w >w,

(c) wy >wy A wy >wy

. Average value of poisson’s ratio for a mixture of 2 mole

of each gas 4 and B is 1.66, then :

(a) gases are monoatomic

(b) gases are diatomic '

(c) average molar heat capacity at constant volume is 4
cal

(d) average molar heat capacity at constant Vis 3 cal

. A reaction attains equilibrium state under standard

conditions, then :

(a) equilibrium constant K =0

(b) equilibrium constant K = 1

(c) AG° =0and AH® =TAS"

(d) AG =0and AH =TAS

. The poisson’s ratio for O is 1.4. Which are correct for .

0,?

10.

11.

12.

13.

14,

15.

16.

. Select the correct statements :

(a) The magnitude of work involved in an iptermedia}e
irrversible expansion is less than that involved in
reversible expansion . . .

(b) Heat absorbed during _mgem:ledlat_e revers!ble
expansion is more than that in intermediate reversible
expansion . ) ) )

(c) The magnitude of work involved in an intermediate
reversible compression is more than that involved in
intermediate irreversible compression ) )

(d) Heat released during intermediate urversx.ble
compression is more than that in intermediate
reversible compression

Select the correct statements for the equilibrium under

standard conditions

HzO(,) = HzO(’); AS;

HzO(l) ‘:; HzO(v); AS;

Hzo(,) : HzO(,); AS;

(a) ASy > AS; (b) AS; >>>ASy

(c) AS; >AS; (d) AS; > ASy

A cyclic process is completed by process 1 and process 2.

If AQ and AW represent heat supplied and work done

respectively. AU, and AU, are the changes in internal

energy of two process then:

(a) AU, =AU, () AU, =-AU,

(c) AQ =AW (d) AQ=-AW

For a reaction to be spontaneous in neither direction

regarding the closed system:

(a) (AG)r,p =0 ®) (AG)r,p =—ve

©) (AS)y,y =0 @) (AS)y,y =+ve

Which of the following are not path dependent:

(a) Work (b) Internal energy

(c) Heat change (d) Entropy

Identify the intensive quantities from the following:

(a) Enthalpy (b) Temperature

(c) Volume (d) Refrative index

Among the following, the state function(s) is (are) :
(ITT 2009)

(a) Internal energy

(b) Irreversible expansion work

(c) Molar enthalpy

(d) Reversible expansion work

Among the following the intensive property (properties)
are: - (IIT 2010)
(a) Molar conductivity  (b) Electromotive force

(c) Resistance (d) Heat capacity
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17,

18

19.

For an ideal gas, consider only £+ }* work in going from
an initial State .\ to the final state Z. The final state Z can
be reached by either of the two paths shown in the figure,
Which of the following choice(s) is (are) correct? [take
AS as change in entropy and was work done] (11T 2012)

V (litre)

(@) AS,. = AS.H_\' + As_\»n

®)we,: = Wiay TW, .

©) Wimyar SWgy

d) Ash_\-o: . Asr—t_r

The reversible expansion of an ideal gas under adiabatic
and isothermal conditions is shown in the figure. Which
of the following statement(s) is (are) correct? (11T 2012)

A
®L Vi T

(P2 Ve Ty

(Py, V3. Ty)

>
>

@nL=0

®7n>T1

(C) Wisothermal > Wadisbatic

(d) AU iobermat > AU sisbatic

An ideal gas in a thermally insulated vessel at internal
pressure = P,, volume = ¥} and absolute temperature =17,
expands imreversibly against zero external pressure, as
shown in the diagram. The final internal pressure,
volume and absolute temperature of the gas are Py, ¥,
and T, respectively. For this expansion,

20.

21.

Numerical Chemistry

Pa-! =0
hogens e

Pat =0 Imeverible
- Py Vy Ty e

Pu Vi Ty

}om\al lnau@n
[JEE (Advanced-1) 2014|
(@) ¢ =0 ®7=T7

©) PVy =AW, (@) Py =p0Y

An ideal gas is expanded from (P, 1. 7)) to (P, V3, Ty)

under different conditions. The correct statement(s)

among the following is (are) : [JEE (Advanced-I) 2017

(a) The work done on the gas is maximum when it is
compressed imreversibly from (P, F3) to (A1)
against constant pressure P,

(b) The work done on the gas is less when it is expanded
reversibly from ¥ to ¥, under adiabatic conditions as
compared to that when expanded reversibly from ¥,
to V> under isothermal conditions

(c) The change in internal energy of the gas (i) zero, if it
is expanded reversibly with 7} = T5, and (ii) positive,
ifitis expanded reversibly under adiabatic conditions
with T] #* Tz

(d)If the expansion is carried out freely, it is
simultaneously both isothermal as well as adiabatic

For a reaction taking place in a container in equilibrium

with its surroundings, the effect of temperature on its

equilibrium constant K in terms of change in entropy is

described by : [JEE (Advanced-II) 2017]

(a) with increase in temperature, the value of K for
exothermic reaction decreases because the entropy
change of the system is positive

(b) with increase in temperature, the value of K for
endothermic reaction increases because
unfavourable change in entropy of the surroundings
decreases

(c) with increase in temperature, the value of K for
exothermic reaction decreases because favourable
change in entropy of the surroundings decreases

(d) with increase in temperature, the value of K for
endothermic reaction increases because the entropy
change of the system is negative
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. (b,d)AG = — ve for spontaneous process and AG® #0 at
equilibrium. Statement (b) represents camot theorem.
2. (b,c,d) Mass independent properties are intensive.
3. (a) Mass dependent properties are extensive.
4. (ab,c) Fora cyclic process dU = 0
. g=AU+(-w), g=-w
Also, w =area covered by sphere

=1U’z =nX (VZ—VI) z=
2
=100m=100x314=314)
5. (ab,c) Thcconectordcris:w,>w,>w2>w4
6. (a,d)y for monoatomic is 1.66 .. C, =3R ,Cp =§R

nx(20)%
22

2’
2x3TR+2x3—§- 3
Copyy=—=2——< = =
M 2 2R C, =3cal
2x$+2x% 5
Coy = == =
i 7 2R C, =5cal
7. (b,c,d) AG® -Oatequﬂibnummdcrsta.ndardsw:Also
ateq. AG=0
AH° -TAS° =0
Also, AG°=2.303RTIn K
K=1
C
8. (a,b,c,d) C_:=]'4=Y
C,-C,=R
R P Cp
~1C,-C, =R ,-,Cv=?—landsumlarlyC,,—T=R
2 . YR
=< =5ca ... C,——
€ =0z )
2
= =Q156cal
Also, ¢, =gax32

9. (ab,c,d) These are mathematically established facts. For
details consult Concepts of Physical Chemistry by
Dr. P. Bahadur, Prakash Publications Muzaffamagar.
10. (b,c,d) H,0, has more ordered arrangement. Also,
AS; =Shy00 =Sh00
AS; =SH00 =SH700)
is maximum and this AS; >>> AS}
Ce AU] =-AU 2

SH,00,
11. (a,c) ForacyclicprocessAU =0
and AQ=AU+Aw
AQ=Aw
12. (a, c) For a reaction to be spontaneous in neither direction
(AG)r.p ,(AS )U,V and (AU)s_y should be zero.
13. (b, d) Internal energy and entropy are path independent.
14. (b, d) These are mass independent.
15. (a,c) Work is not state function.

16. (a,b)An intensive property is one for which a system in
fixed state is divided into two parts, the property of
each part in that state shows same value. Thcse are
mass independent. Resistance and heat capacity are
mass dependent.

17. (a¢)AS,-, =AS,,, +AS, . [entropy (S) being a state
function, and thus additive property]

Wiy ysz = Ws,,y (Work done in Y— Zis zero because
it is an isochoric process)

18. (a,c,d)

A
@, Vi, Ty)

(P2, V3, T)
Adlab.l (P3, V3, Ty)

ic

v

—_—3
v

T) =T, because process is isothermal.
Work done in adiabatic process is less than in
isothermal process because area covered by isothermal
curve is more than the area covered by the adiabatic
curve. 2
In adiabatic process work of expansion is done on the
cost of internal energy hence it decrease while in
isothermal process temperature remains constant and
thus no change in internal energy. Therefore
AUjsothermat > AU aiabatic
19. (ab,c)
For thermally insulated container, q=0and for free '
expansion, W = 0and AU = 0
Sor Tl = TZ
AISO, PIVI = PIVZ
20. (a,b,d)
P,
P

@ p

- A\ isothermal
H *B
: Was>Wxc
.ldubahc : C
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21.

(©) (i) AU =nC,AT = 0(isothermal hence AT = 0)

(i) AU=g+w=-ve (g=0,w is negative, as work done
by the system AU = nC, AT, AU can be negative only
when AT = -ve

(d) g=0(adiabatic), w = 0(free expansion)

AU = 0and AT = 0(isothermal) -

(be)
AG=AH-TAS

at equilibrium AG =0

3 AS =TAS

A sgr =+ 50150

TSurr

Numerical Chemistry

For endothermic reaction (AHy, =4ve) and
AHgy, =-ve, if Tg,, increases, ASy,, =~ve or
entropy of surrounding decreases le., unfavourable
change.
For ecxothermic reaction (AH,, =-ve), if T,
increases, AS,, =+ve or entropy of surrounding
increases. Thus, favourable change
AH NS

AISO, fOl'AS,y. = m (in eqmlibnm'n)
For exothermic reaction AH,, = —ve

AS gy =-ve
For endothermic reaction AH,; = +ve

AS g =+ve
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COMPREHENSION BASED PROBLEMS

Comprehension 1 :
gas is taken round cyclic process ABCA as'shown in figure.
Calculate.

P

)
3
P <
o[ Ay o
Voo 2% v
(1] The work done by the gas.
(a) Py (b) =PV,
(©) 2PyV, (d) =2PyV,

[2] The heat rejected by the gas in the path CA the heat
absorbed by the gas in the path 4B respectively.

5
(@ 3 Po¥o, 3%, (b) 300, 2 P

() 5P4Vo,3PoVy (d) 3PyVy, 5PoVy
[3] The net heat absorbed by the gas in the path BC.
PoVo PoVo
) -3 (b) 2
© Po¥o (d) 2P,
[4] The maximum temperature attained by the gas during the
cycle.
(@37 ®)27
(c)4T, @57

Comprehension 2: The change in internal energy (U)
can be brought about in two ways :

(i) Either by allowing the heat to flow into the system or
out of the system

(i) By doing work on the system or the work done by the
system

Using the symbol g to represent heat transferred to system
and using work done by the system —w, we can represent the
internal energy change of a system A, as : .

g=AU+(-w) (F irst law of thermodynamics)

If the reaction is carried out in a closed container with
constant volume, so that AV =0

Hence, q, =AU

On the other hand, if a reaction is carried out in open
vessel that keeps the pressure constant and allows the volume
of the system to change freely. In such case, AV #0 and
-w=P- AV,

Hence, g, =AU +PAV

Also q, =4y +hng RT

As reactions carried out at constant pressure are SO
common, the heat change for such process is given a special
symbol AH, called the enthalpy change of the reaction. The
enthalpy (H) of the system is the name given to the quantity
U +Py).

One mole of an ideal monoatomic -

[1] Inwhich of the following cases AH and AU are not equal
to each other? ’
(a) The reaction involves no gaseous reactant and
product
(b) The number of mole of gaseous reactants and
gaseous products are not equal to each other
(c) The number of mole of gaseous reactants and
gaseous products are equal to each other
(d) The process is carried out in closed vessel
[2] The latent heat of vaporization of liquid at 500 K and
1 atmospheric pressure is 10.0 kcal/mol. What will be
the change in internal energy of 3 mole of the liquid at
the same temperature and pressure?
(a) 27.0 kcal (b) 13.0 kcal
(c) -27.0 kcal (d) —13.0 kcal
[3] A mixture of 2 mole of carbon monoxide and one mole of
oxygen in a closed vessel is ignited to get carbon dioxide.
If AH is the enthalpy change and AU is the .change in
internal energy, then :
(a) AH > AU (b) AH < AU
(c) AH =AU (d) Not definite
[4] A piston exerting a pressure of 1.0 atmosphere rests on
the surface of water at 100°C. The pressure is reduced to
smaller extent and as a result 10 g of water evaporates
and absorbs 22.2 kJ of heat. The change in internal

energy is :
(a) 18.24 kJ (b) 20477 KJ
(c) 22.05kJ (d) 23.923 kJ

[S] A system is provided 50 kJ energy and work done on the
system is 100 J. The change in internal energy is :
(a) 1507 (b) 50 kI
(c) 50.1kJ (d)499KkJ
[6] One mole of a gas is allowed to expand freely in vacuum
at 300 K. The work done during the process is :
(a) 300J (b) 300 kJ
(c) zero (d) nothing can be said
_ Comprehension 3 : A fixed mass ‘m’ of a gas is
subjected to transformation of states from X to L to M to N and
back to K as shown in the figure.

Pressure

Volume
[1] The pair of isochoric processes among the
transformation of statesis : [JEE (Advanced) 2013)
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(@ KtoLand Lto M (b) LtoMand Nto K
(c)LtoMand Mto N (d)MtoNand Nto K
[2] The succeeding operations that
transformation of states are :

[JEE (Advanced) I1 2013]

enable this

Numerical Chemistry

(a) Heating, cooling, heating, cooling
(b) Cooling, heating, cooling, heating
(c) Heating, cooling, cooling, heating
(d) Cooling, heating, heating, cooling

L o—EmEm— [

Comprehension 1

Path AB is isochoric (w, = 0), path BC is isothermal

(w, = —ve), path C4 is isobaric (w3 = +ve)
[1] (b) Total work done by gas W)=w +wy+w,

= o_%[(p, +P )X (Ve =V)+Py(Ve -Vy)
=0—%[4PoxV°]+R)(Wo-Vo)

==2PVy+PoVy =-RV,
Also, wy = =2RV,
and wy = PRV,
[2] (a) Also, For the path 4B, i.e., isochoric

@ =nxc,x(r,—n)=lxgn[fli'ﬂ%’ll’ﬂ-]

= S3RY, - RVy] = 43RV,
For the path CA, i.e., isobaric
q = nxC’(T‘ -T3)= lx%R[MA;i,L]

= 2[RV~ 2R%0)

Q= -%"oVo
‘ P
[3] (b) Also net heat absorbed = 3P, — %Pol’o = LZVQ
JAZ
oo 2
[4] (a) Also, M = 3”0_"0 s =30

T T

Comprehension-2
{1] (b) IfAn, =Othenonly AH = AU
2] (@ 3H,0(/))— 3H,0(g); Any =3
AH = AU + An RT
AU = AH - An RT
=10x3-3x2x107 x 500 = 27 kcal
3] (b) 2CO(g)+0,(g) — 2CO,(g)

Ang =2-3=-1
AH = AU +An RT = AU -RT
Hence, AH<AU

- [4] (b) AH=AU+PAV =AU +An,RT

AU = AH - An RT
= 222—%x 8314107 x 373
=20477KJ

[5] () g=AU+(-W)

or - AU = g+ (W )where W is work done on the system
=50x107 +100= 50100J = 501 kJ

(6] (¢) W =-Poy (2-W)=-0x(¥,-V)=0

(Pex = 0 if expansion in vacuum)

Comprehension-3

[1] (b) For a given mass of gas (constant n) volume increases
from K to L at constant P due to heating i.e. isobaric
process. Pressure decreases from L to M at constant ¥ due
to cooling i.e. isochoric process. Volume decreases from
Mo Nat constant P due to cooling i.e. isobaric process.
Pressure increases from N to K at constant ¥ due to
heating i.e. isochoric process. Thus isochoric process
(constant ¥) are L to M and N to K.

[2] (c) Follow answer 1.



2.

3.

4.

5.

6.

7.

In each _sub qués}ion given below a statement (S) and
explanation (E) is given. Choose the correct answers

from 'the codes (a), (b), (c) and (d) given for each
question:

(@)
(b)
(©)

S is correct but E is wrong
S is wrong but E is correct

Both S and E are correct and E is correct
explanation of S

Both S and E are correct but E is not correct
explanation of S

Work and internal energy are not state functions.

: The sum of g + w is state function.
: Internal energy of a system is an extensive property.

The internal energy of a system depends upon the
amount and physical state of the substance.

The change in internal energy and change in heat
enthalpy does not depend upon the path by which
changes are brought in.

Both AU and AH are path independent as U and H
are state functions.

: Both work and heat are manifested by an effect on

the surroundings.

Work done by/on the system and AH appear only at
the boundary of system.

The zeroth law of thermodynamics was known
before I law of thermodynamics.

The zeroth law concerning thermal equilibrium was
appeared after three laws (I, I and M) of
thermodynamics and thus was named as zeroth law.
The entropies of CO, NO, N0, Cl ,(s) are not zero

at absolute zero.

: These are exceptions to III law of thermodynamics.

Phase transition involves change in internal energy
only.

Phase transition occurs at constant pressure.

The change in entropy during melting of ice is
negligible in comparison to change in entropy
during vaporisation.

The volume occupied by solid and liquid is too less
in comparison to volume occupied by gas.

The SI unit of entropy is JK ' mol ™" .

.'As___lff_"_

T

11

12.

13. S:

14. S:

15. S:

16. S:

17.

18. S:

E:
19. S:

conversion into work.

A

Whole of work can be converted to heat but whole
heat cannot be converted to work.

. Conversion of work into heat by friction and I law

of thermodynamics are respectively responsible for
statement.

For H,(g) +0,(g) — H,02 (); AH=-187.6kJ
mol~!, the word stability for H,O, represents
energetic stability and not kinetic stability.

: The reaction does not occur spontaneously.

A (H® for white phosphorus has been taken to be

zero, whereas black phosphorus is most st.able
allotrope of phosphorus and this is only exception.

. The reference standard state of white phosphorus is

taken despite the fact that this form not being the
most stable allotrope but simply the most
reproducible form of phosphorus.

Two bodies at thermal equilibrium may or may not
have equal heat.

: Two bodies at thermal equilibrium have same

temperature.
Energy can neither be created nor destroyed.

: Total energy of the universe is constant.

The heat absorbed during the isothermal expansion
of an ideal gas against vacuum is zero.

: The volume occupied by the molecules of an ideal

gas is zero.

A non-spontaneous endothermic reaction at room
temperature may be spontaneous at high
temperature.

At high temperature TAS becomes more than AH.

: Neither ¢ nor W is state function but ¢ + I is state

function.

: AU is state function.

Fall of water as rain drops from clouds is
spontaneous.

During the process entropy increases.
There is a natural asymmetry between converting
work to heat and converting heat to work.

: No process is possible in which the sole result is the

absorption of heat from a reservoir and its complete
[ITT 2008

s
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ANSWERS (Statement Explanation Problems)
1. (d) wandgq are state functions, whereas AU =g + w is state 11. (¢) —do—
function. 12. (¢) —do— -
2. (c) Reason is correct explanation for statement. 13. (d) Both are facts.
3. (c) Reason is correct explanation for statement. 14. (d) Both are facts.
4. (c) —do— 15. (d) g=AU-W. For isothermal expansion AU = (. Also
5. (b) The reason is also an explanation for the name Zeroth W =0, because W = PXAV and P=0; Also volume
law. occupied by molecules is zero for ideal gas. Thus, both
6. (d) Both are facts. assertion and reason are correct, but this is not an
7. (b) Phase transition occurs at constant P and thus change is explanation for assertion.
referred as AH. 16. (c) For a spontaneous reaction AG=-ve and
8. (c) Reason is correct explanation for statement. AG=AH-TAS, if AH =+ve,AG will be negative
ASwp=Svp=Siiq and  ASg =54, -S when TAS > AH.
AS vap >>> AS ;. Gaseous state has more disordered 17. (c) Explanation is correct reason for statement.
system. 18. (c) Explanation is correct reason for statement.
9. (c) AS=Trv , thus, unit is J K" mol ! 19. (c) $tatement represents II law of thermodynamics which
T 1s an arguement for statement.
10. (c) Reason is correct explanation for statement.
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Ss— MATCHING TYPE PROBLEMS s

Type | : Only One Match Is Possible

1.
A

C.

D.

List A
KirchofY's equation

Claussues Clapeyron
equation

van't HofY isochore

Gibbs Helmholtz equation

List B

@) AG:AH+T(a—AQ)

or
dinkK, ape
dr RT?

dinP _AH°
dr  Rpr?
3(AG)

S =4,

(b)

©

()

Type Il : More Than One Match Are Possible

2.
A

B.

List A
1am 20K
—_—

H,0()

1 atm 3&3 K

H,0(l) ———— H,0(g)

latm 373K

H,0() — > H0(g) 3.

1am273 K

List A

Work L.

Heat

Temperature

q+w

Reaction
H,0())==H,0(v)
H,O(s) = H,0(v)
H,0(s) == H, (/)

H,O(s) L.

&)

i o

ListB
ArG =+ve

15

ArS =+ve
ArH =-ve

ArH =+ve

List B
Boundary phenomenon
Path function
Intensive property
Extensive property
At equilibrium
a.AG=0
b. AS 1t =0
c.@=K,

d. AH=+ve
e.AH=-ve
f.AV=+ve

g AV=-wve

5
&)
(B)

©

)

(E)

(F)

o

N w» N mon WP

=4

List A

Cyclic rule L
Work done in reversible 2.
isothermal process

Work done in isobaric 3.
process

Work done during free 4
expansion
Work done in adisbatic 5.
reversible process
Work done in adisbatic 6.
irreversible process
y 2
8
9.
Thermodynamic
Functions
Internal energy Q)
Heat enthalpy ®)
Entropy ©
Gibbs energy @
Work ©
List A

Raw egg — Boiled egg
Pd +H; == absorbed mas

MK
—
1

\\'mcrm \\‘am«‘

am
o
—
—_
Latm

Water, Water,,)

List B
—Poy XAV

(—g_f:)z (%)? (%) -l

uRTlnf]—

~

13

 ARTh

)
2
—nR (T — T )

Zero

BR T < T )
r-1

2,
P r
—nC, T [l— [F;] ]

I. —P1,
e xR[P] l‘si’{“]

Dependent
Tempersture
Mass
Pressure
Vohume
Sure

ListB
W
®)
©)

ASy =+w

AT =

W) AG=0
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8. Match the thermodynamic processes given under
Column-I with the expressions given under Column-II.
Column-1 Column-II
(A) Freezing of waterat 273 Kand 1 atm (P) ¢=0
(B) Expansion of 1 mol of an ideal gas into (Q) w=0
a vacuum under isolated conditions
(C) Mixing of equal volumes of two ideal (R) ASyy, <0
gases at constant temperature and
pressure in an isolated container
(D) Reversible heating of Hy(g) at 1 atm (S) AU =0
from 300 K to 600 K followed by
reversible cooling to 300 K at 1 atm
(T) AG=0
[JEE (Advanced I) 2015]

Numerical Chemistry
Type Il : Only One Match From Each List

9. ListA List B ListC
1. Trouton's i Aty (i) Entropy of
rule ®T, vaporisation
2.Kirchoff's (aA,, ) =C, (ii) Reaction
equation aT )p enthalpy
3. Joule- c. (g—i) =l (iii) Inversion
Thomson ¥ temperature
effect
4, Polymeri dMn= Znym; (iv) Glass transition
-sation d tempezature
3_15) -0 (v) Hypothetical
5. Ideal gas ¢ (aV . concept

6. Sublimation f.AHg,, =AH ; +AHy (vi) Hoar frost
of ice

T o ——

1. A-d; B-¢; C-b; D-a

2, A-3; B-1,2,4, C-24; D-24

3. A-1,2,4, B-1,2,4; C-3; D-3

4. A-ab,c,d,f; B-ab,cd f; C-ab,cdg

5. A-2; B-1,3,4, C-1,5 D-1,6; E-1,7,8;. F-1,5,9 -

6. A-ab,d,e; B-ab,c,e; C-ab,c,de; D-ab,cd,e; E-a,cd
7. A-a,c; B-b,c,d; C-ac,d; D-b,c,d

8 A-RT, B-P,QS; C-P,Q,S; D-P,Q,S,T

9. 1-a-i; 2-b-ii; 3-c—iii; 4-d-iv; S-e-v;

6—f-vi
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