CHAPTER

4 Thermodynamics

Basics

1.

A thermodynamic property is that physical
quantity

(a) which is used in thermochemistry.

(b) which obeys all the laws of thermodynamics.
(c) which is used to define a state of the system.
(d) which is used in measuring thermal change.

Which of the following is not a thermodynamic
property of a system?

(a) H (b) P

(c) E (d) w

Which of the following is the best container for
gas during isothermal process?

(b) Wood vessel

(d) Thermos flask

(a) Glass vessel
(c) Copper vessel

The internal energy of an ideal gas increases
during an isothermal process when the gas is

(a) expanded by adding more molecules to it.

(b) expanded by adding more heat to it.

(¢) expanded against zero pressure.

(d) compressed by doing work on it.

Maximum work can a gas do, if it is allowed to
expand isothermally against

(a) vacuum.

(b) high pressure of surrounding.

(c) low pressure of surrounding.

(d) atmospheric pressure.

EXERCISE | (JEE MAIN)

6. The internal energy change when a system goes

from state A to B is 40 kJ/ mol. If the system goes
from A to B by a reversible path and returns to
state A by an irreversible path, then what would
be the net change in internal energy?

(a) 40 kJ (b) >40kJ

(c) <40kJ (d) Zero

A system is said to be in thermodynamic
equilibrium with the surroundings, if

(a) it is only in thermal equilibrium with the
surrounding.

(b) it is in both thermal and chemical equilibrium
with the surrounding.

(c) itisin thermal, chemical as well as mechanical
equilibrium with the surrounding.

(d) it is in thermal and mechanical equilibrium,
but not in chemical equilibrium with the
surrounding.

If a closed system has adiabatic boundaries, then
at least one boundary must be

(a) permeable (b) imaginary
(c) movable (d) fixed

Which of the following pair does show the
extensive properties?

(a) Temperature and pressure.

(b) Viscosity and surface tension.

(c) Refractive index and specific heat.
(d) Volume and heat capacity.



10.

Which of the following statement is correct?
(a) Heat is thermodynamic property of system.
(b) Work is thermodynamic property of system.

(¢) Work done by a conservative force is path
function.

(d) Heat involved in chemical reaction is a path

(b) An ideal gas always obeys the equation PV =
constant in polytropic process.

(¢) In a polytropic process, the heat capacity of
the system remains same throughout.

(d) In all the cyclic process, w
non-zero.

by the system is

net

independent physical quantity. 14. Which of following is incorrect about reversible
11. Which of the following statement is incorrect? process?
(a) Only a state function may be expressed as (@) Systgn 'always remains in thermodynamic
difference in its value at two states in any equlhbrlum.'
process. (b) The process is extremely slow.
(b) A process cannot be defined on the basis of (c) The progess rpay l?e r'eversed at any stage on.ly
initial and final states of the system. by making infinitesimally small change in
. . opposite direction.
© i;s?egcrgfng irr?scflsqsr’oﬁlgehlcl)llifrcl:ﬂsf:zgy of the (d) Reversible processes may be performed in
' finite time.
(d) During irreversible process, the equation
PV =nRTis not applicable to ideal gas. 15. The law of equipartition of energy is applicable to
12. For an isothermal process, the essential condition the system whose constituents are
is (a) in random motion.
(a) AT=0 (b) AH=0 (b) in orderly motion.
) AU=0 (d) dT=0 (¢) moving with constant speed.
(d) in rest.
13.  Which of the following statement is correct?
(a) An ideal gas always obeys the equation PVY=
constant in adiabatic process.
First Law of Thermodynamics
16. A system absorbs 20 kJ heat and does 10 kJ of (a) =50kJ (b) +50 kJ
work. The internal energy of the system (c) +150kJ (d) —150kJ
(a) increases by 10 kJ (b) decreases by 10 kJ o 1 ) deal d 0 and
. . In a given process on an ideal gas, dw = 0 an
(¢) increases by 30 kJ (d) decreases by 30 kJ dg < 0. Then for the gas,
17. The volume of a system becomes twice its original (a) the temperature will decrease.
volume on the absorption of 300 cal of heat. The (b) the volume will increase
work done on the surrounding was found to be ) o
200 cal. What is AU for the system? (c) the pressure will remain constant.
(a) 500 cal (b) 300 cal (d) the temperature will increase.
(c) 100 cal (d) =500 cal 20. Five moles of an ideal gasis expanded isothermally

18.

A system absorbs 100 kJ heat in the process shown
in the figure. What is AU for the system?

from 5 dm® to 5 m?® at 300 K. Which of the

following is incorrect about the gas?

(a) No heat is absorbed or rejected by the gas.

(b) There is no change in internal energy of the
gas.

(c) There is no change in enthalpy of the gas.

(d) Pressure of the gas will decrease by 1000 times.



21.

22.

23.

24.

25.

26.

One mole of an ideal gas at 300 K is expanded
isothermally from an initial volume of 1 L to 10 L.
The change in internal energy, AU, for the gas in
this process is

(a) 163.7 cal
(c) 1381.1cal

(b) Zero
(d) 9 L-atm

Five moles of an ideal gas expand isothermally
and reversibly from an initial pressure of 100 atm
to a final pressure of 1 atm at 27°C. The work
done by the gas is (In100 = 4.6)

(a) 2760 cal (b) 6000 cal

(© 0 (d) 13,800 cal

The work done in the isothermal reversible
expansion of argon gas at 27°C from 4L to 16 L
was equal to 4200 cal. What is the amount of
argon subjected to such an expansion? (Ar = 40,
Ind =1.4)
(a) 5.0g
(c) 200.0 g

(b) 20.0¢g

(d) 48.1¢g

The minimum work which must be done to
compress 16 g of oxygen isothermally at 300 K
from a pressure of 1.01325 x 10% N/m? to 1.01325
% 10° N/m? is (In100 = 4.6, R = 8.3 J/K-mol)

(a) 57271 (b) 11.454KkJ

(c) 123.255kJ (d) 1232.55171

For a reversible process at 7'= 300 K, the volume
of the ideal gas is increased from I L to 10 L. If
the process is isothermal, then AH of the process is

(a) 11.47KJ (b) 4.98kJ

© 0 (d) -11.47kJ

The magnitude of work done by one mole of a
Van der Waals gas during its isothermal reversible

expansion from volume V, to V, at temperature 7'
K, is

(a) RTIn ﬁJ
"
(b) RTIn Vo=b
V,—b
(¢) RTIn Vy=b +a .1
Vi—b v, W
(d) RTIn ob fL_L
i=b non

27.

28.

29.

30.

31.

32.

An ideal gas undergoes isothermal expansion
from (10 atm, 1 L) to (1 atm, 10 L) either by path-I
(infinite stage expansion) or by path—II (first against
5 atm and then against 1 atm). The value of

Dparn-1 | .
qpalh—II

2.303 1.3

a) —— b) —/—

@ 73 ® =5

© —20 (d) 13x2.303
13%2.303 '

An ideal gas is expanded irreversibly from 5 L to
10 L against a constant external pressure of 1 bar.
The value of heat involved (¢) in this isenthalpic
process is

(a0
(c) +517

(b) +500J
(d) —-5007

The work done in an adiabatic change of fixed
amount of an ideal gas depends on change in

(a) volume (b) pressure

(c) temperature (d) density

In the reversible adiabatic expansion of an ideal
monoatomic gas, the final volume is 8 times the
initial volume. The ratio of final temperature to
initial temperature is

(a) 8:1
(c) 1:2

(b) 1:4
d 4:1

One mole of monoatomic ideal gas at 7" K is
expanded from 1 L to 2 L adiabatically under
a constant external pressure of 1 atm. The final
temperature of the gas in Kelvin is

(@) T (b) (STI)
2 3
2 3
© T= 3 00821 @ T+ 008

Two moles of an ideal gas (Cv,ngR)was

compressed adiabatically against constant
pressure of 2 atm, which was initially at 350 K and
1 atm. The work done on the gas in this process is
(a) 250R (b) S00R
(c) 125R (d) 300R



33.

34.

35.

36.

37.

38.

39.

Two moles of an ideal gas (y = 1.4) was allowed
to expand reversibly and adiabatically from | L,
527°C to 32 L. The molar enthalpy change of the
gas is

(a) —4200R
(c) —1500R

(b) —2100R
(d) —3000R

Equal moles of He, H,, CO, and SO, gases are
expanded adiabatically and reversibly from the
same initial state to the same final volume. The
magnitude of work is maximum for (Assume ideal
behaviour of gases and all the degree of freedoms
are active.)

(a) He
(c) CO,

(b) H,
(d) SO,

An ideal monoatomic gas initially at 300 K
expands adiabatically into vacuum to double its
volume. The final temperature of gas is

(a) 300 K (b) 300 x (0.5 K
(¢) 300x (2)** K (d) 600 K

Temperature of one mole of an ideal gas is
increased by one degree at constant pressure.
Work done by the gas is
(a) R

(c) R2

(b) 2R
(d) 3R

What is the change in internal energy when a gas
contracts from 325 ml to 125 ml at a constant
pressure of 2 bar, while at the same time being
cooled by removing 124 J heat?

(a) =5247 (b) —847J

(c) —164J (d) +841J

Two moles of anideal gas [C, (K 'mol™)=20
+ 0.017(/K)] is heated at constant pressure from
27°C to 127°C. The amount of heat absorbed by
the gas is

(a) 1662.87J
(c) 6362.87J

(b) 47007
(d) 3037.27J

A monoatomic gas expands isobarically. The
percentage of heat supplied that increases the
thermal energy and that involved in doing work
for expansion is

(a) 50: 50
(c) 40: 60

(b) 60 : 40
d) 75:25

40.

41.

42.

43.

44.

45.

46.

47.

The maximum high temperature molar heat capacity
at constant volume to be expected for acetylene
which is a linear molecule is

(a) 9 cal/deg-mole (b) 12 cal/deg-mole

(c) 19 cal/deg-mole (d) 14 cal/deg-mole

The molar heat capacity of water in equilibrium
with ice at constant pressure is

(b) infinity

(d) 75.48 J/K-mol

(a) zero
(c) 40.45 kJ/K-mol

For which of the following ideal gas, C,,, is
independent of temperature?

(a) He (b) H,

(c) CO (d) SO,

If one mole of a monoatomic gas (y=5/3) is mixed
with one mole of a diatomic gas (y=7/5), then the
value of v for the mixture is

(a) 1 (b) 1.5

(c) 2 (d) 3.0

When an ideal diatomic gas is a heated at a
constant pressure, the fraction of heat energy
supplied which increases the internal energy of the
gas is

(a) (b)

(© )

A gas is heated at constant pressure. The fraction
of heat absorbed used in doing work is

(a) - (b) 1-+
Y Y

(©) v-1 (d) v

An ideal gas undergoes a process in which its
pressure and volume are related as PV = constant,
where 7 is a constant. The molar heat capacity for
the gas in this process will be zero if

(a) n=y (b) n=y-1

(c) n=y+1 (d) n=1-vy

An ideal gas (y= 1.5) undergoes a change in state
such that the magnitude of heat absorbed by the
gas is equal to the magnitude of work done on
the gas. The molar heat capacity of the gas in this
process is
(a) 2R
(c) 3R

N | o
bW n|Ww

(b) R
(d) 1.5R
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A quantity of 70 calories of heat is required to
raise the temperature of 2 mole of an ideal gas at
constant pressure from 40°C to 50°C. The amount
of heat required to raise the temperature of the
same gas through the same range at constant
volume is

(b) 70 calorie
(d) 30 calorie

(a) 90 calorie
(c) 50 calorie
During an adiabatic process, the pressure of a
gas is found to be proportional to the cube of
its absolute temperature. The Poisson’s ratio of
gas is

(a) 3/2 (b) 712

(c) 5/3 (d) 917

A diatomic ideal gas initially at 273 K is given 100
cal heat due to which system did 210 J work. The

molar heat capacity of the gas for the process is
(1cal=4.21J)

3 5
(@) ER (b) ER

(©) %R ) SR

An ideal monoatomic gas undergoes a reversible

P
process, where v = constant, from (2 bar, 273 K)

A . .
to 4 bar. The value of AU for this process is

w
(a) +3.0 (b) =3.0
(c) —1.5

(d) +1.5

The work done on one mole of an ideal gas in the
reversible process: PV = constant, from (1 atm,

300 K) to 2+/2 atm is

(a) 150R
(¢c) 75R

(b) 300R

(d) 600R

2 moles of an ideal monoatomic gas undergoes
reversible expansion from (4 L, 400 K) to 8 L such
that TV? = constant. The change in enthalpy of
the gas is
(a) —1500R
(c) +1500R

(b) —3000R
(d) +3000R

Two moles of helium gas undergoes a cyclic
process as shown in the figure. Assuming ideal
behaviour of gas, the magnitude of net work done
by the gas in this cyclic process is

5S.

56.

57.

Pj
2 atm | _B > c
A Y
1 atm |—— -
atm AI |D
I I
1 1 : T
300 K 400 K

(a) 0
(c) 100R In4

(b) 100R In2
(d) 200R In4

One mole of an ideal gas undergoes the following
cyclic process.

(1) Isochoric heating from (P, V', T}) to double
temperature.

(i1) Isobaric expansion to double volume.
(iii) Linear expansion (on P—V curve)to (P, 8V)).
(iv) Isobaric compression to initial state.

If 7| = 300 K, then the magnitude of net work
done by the gas in the cyclic process is

(a) 2400 cal
(c) 4800 cal

(b) 1200 cal
(d) 3600 cal

One mole of a non-ideal gas undergoes a change
of state (2 atm, 3 L, 95 K) — (4 atm, 5 L, 245 K)
with a change in internal energy, AU = 30.0 L-atm.
The change in enthalpy (AH) of the process in
L-atm is

(a) 40.0

(b) 42.3

(c) 44.0

(d) undefined, because pressure is not constant.

The normal boiling point of water is 100°C. At
100°C

(a) the average kinetic energy of
in vapour is greater than that
water.

molecules
of liquid

(b) the average potential energy of molecules
in vapour is greater than that of liquid
water.

(c) the molar internal energy is same for vapour
and liquid water.

(d) water boils at any pressure.
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59.

The latent heat of vaporization of a liquid at 500
K and 1 atm pressure is 10 kcal/mol. What will
be the change in internal energy if 3 moles of
the liquid changes to vapour state at the same
temperature and pressure?

(a) 27 kcal
(¢) —27 kcal

(b) 13 kcal
(d) —13 kcal

A quantity of 1 g of water on evaporation at
atmospheric pressure forms 1671 cm® of steam.
Heat of vaporization is 540 cal/g. The approximate
increase in internal energy is (1L — atom = 24 cal)

60.

(a) 250 cal (b) 500 cal
(¢) 1000 cal (d) 1500 cal

At 500 kbar and 7T K, the densities of graphite
and diamond are 2.0 and 3.0 g/cm’, respectively.
The value of (AH — AU) for the conversion of
1 mole of graphite into diamond at 500 kbar
and T K is
(a) 100 kJ

(c) 1000 kJ

(b) —100 kJ
(d) —1000kJ

Second and Third Law of Thermodynamics, Entropy

61.

62.

63.

64.

65.

The efficiency of the reversible heat engine is 1,
and that of irreversible heat engine is 1;. Which of
the following relation is correct?

@ n,=mn

(b) N> My

(©) m, <M

(d) n; may be less than, greater than or equal to

1n,. depending on the gas.
For which of the following process, AS is negative?

(a) Hy(g) - 2H(g)

(b) N, (g, I atm) — N, (g, 8 atm)

() 2S05(g) = 250,(g) + O,(2)

(d) C (Diamond) — C (Graphite)
AS will be highest for which of the following
reaction ?

(a) Ca(s) + 1/2 O(g) — CaO(s)

(b) CaCOs(s) = CaO(s) + CO,(g)
(©) C(s)+0sx(g) = COx(»)

(d) Ny(g) + Oy(g) = 2NO(g)
Entropy of universe decreases during

(a) crystallization of sucrose from unsaturated
solution.

(b) rusting of iron.
(c) melting of ice at 0°C and 1 atm.

(d) vaporization of camphor above normal
sublimation temperature and 1 atm.

Change in entropy is negative for

(a) Bromine (I) - Bromine (g)

(b) C(s) + H,0 (g) = CO(g) + Hy(g)

(¢) N,(g, 10 atm) — N, (g, | atm)

(d) Fe (1 mol, 400 K) — Fe (1 mol, 300 K)

66.

67.

68.

69.

70.

When a substance is heated, its entropy increases.
The increase will be maximum at

(a) 0°C

(b) the melting point

(c) the boiling point

(d) 100°C

An isolated system comprises of the liquid in
equilibrium with vapours. At this stage, the molar
entropy of the vapour is

(a) less than that of liquid.

(b) more than that of liquid.

(c) equal to zero.

(d) equal to that of liquid.

According to second law of thermodynamics, heat
is partly converted into useful work and part of it
(a) becomes electrical energy.

(b) is always wasted.

(c) increases the weight of the body.

(d) becomes K.E.

Choose the substance which has higher possible
entropy (per mole) at a given temperature.

(a) Solid carbon dioxide

(b) Nitrogen gas at 1 atm.

(¢) Nitrogen gas at 0.01 atm.

(d) Nitrogen gas at 0.00001 atm.

The change that does not increase entropy is
(a) evaporation of liquid

(b) condensation

(¢) sublimation

(d) melting of solid



71.

Ammonium chloride when dissolved in water leads
to cooling sensation. The dissolution of NH,CI at
constant temperature is accompanied by

(a) increase in entropy.

(b) decrease in entropy.

assuming the gas to be ideal? (In 4 = 1.4, R=8.3
J/K-mol)

(a) 23.24 J/K
(c) 46.48 JIK

(b) 34.86 J/K
() 11.62J/K

(¢) no change in entro 77. Two moles of an ideal monoatomic gas is heated
& ) py. from 27°C to 627°C, reversibly and isochorically.
(d) no change in enthalpy. The entropy of gas
72. When the value of entropy is greater, then the (a) increases by 2R In3
ability for work is (b) increases by 3R In3
(a) maximum (b) minimum (c) decreases by 2R In3
(c) medium (d) None of these (d) decreases by 3R In3
73. When one mole of an ideal gas is compressed 78, One mole of an ideal monoatomic gas undergoes
to half of its initial volume and simultaneously adiabatic free expansion from 2 to 20 dm?, 300 K.
heated to twice its temperature, the change in The value of AS for the gas is
entropy is (@) 0 (b) +R In10
(@) Cyp In2 (b) CppyIn2 (©) —RInl0 (d) +1.5 R1n10
(¢) RIn2 (d) (Cypy— R)In2
74. What is the entropy change when 3.6 g of liquid ~ 79. The standard molar entropy of an ideal gas
water is completely converted into vapours at _4) . .
373 K? The molar heat of vaporization is 40.85 V=73 is 2.5 cal/K-mol at 25°C and 1 bar. The
kJ/mol. standard molar entropy of the gas at 323°C and 1
(a) 219.0 JJK (b) 2.190 J/K baris (In2 =0.7)
(c) 21.90 J/K (d) 109.5J/K (a) undefined (b) 4R 1n2
75. The entropy change in the fusion of one mole of a (c) 5.6 cal/K-mol (d) 8.1 cal/K-mol
j;)hdfgdtmg at 300 K (latent heat of fusion, 2930 80. Given the following entropy values (in J/K-mol) at
mol) is 298 K and 1 atm H,(g) = 130.6, Cl,(g) = 223.0 and
(a) 9.77 J/K-mol (b) 10.73 J/K-mol HClI(g) = 186.7. The entropy change (in J/K-mol)
(¢) 2930 J/K-mol (d) 108.5 J/K-mol for the reaction H,(g) + Cl,(g) — 2HCI(g) is
76. Oxygen gas weighing 64 g is expanded from 1 atm (a) +540.3 (b) +727.0
to 0.25 atm at 30°C. What is the entropy change, (c) —166.9 (d) +19.8
Gibbs Free Energy Function
81. The AG in the process of melting of ice at —15°C 83. One mole of ice is converted into water at 273 K
and 1 atm, is and 1 atm. The entropies of H,O (s) and H,O
(a) less than zero. (1) are 38.0 and 58.0 J/K—mol,. respectively. The
enthalpy change for the conversion is
(b) greater than zero.
(a) 5460 kJ/mol (b) 5460 J/mol
(¢) equal to zero.
(d) None of these (c) —5460 J/mol (d) 20 J/mol
82. For a system in equilibrium, AG = 0 under 84. The solubility of NaCl(s) in water at 298 K is

conditions of constant

(a) temperature and pressure.
(b) temperature and volume.
(¢) pressure and volume.

(d) energy and volume.

about 6 moles per litre. Suppose you add 1 mole of
NaCl(s) to a litre of water. For the reaction:

NaCl(s) + H,O — NaCl(aq)
(a) AG>0,AS>0 (b) AG<0,AS>0
(c) AG>0,AS<0 (d) AG<0,AS<0
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86.

The values of AG are very important in metallurgy.
The AG values for the following reactions at
1000 K are given as follows.

S,(s) +20,(g) — 2S0,(g); AG=—-544 k]
270(s) + S,(s) = 2ZnS(s); AG=—-293 kJ
27n(s) + O,(g) = 2Zn0(s); AG=—480 kJ

The AG for the reaction

27n8(s) + 30,(g) — 2Zn0O(s) + 2S0,(g)

will be
(a) —357kJ (b) =731kJ
(¢c) =773 kJ (d) —229kJ

The following reaction is at equilibrium at 298 K

2NO (g, 0.00001 bar) + Cl, (g, 0.01 bar) = 2NOCI
(g, 0.01 bar).

AG? for the reaction is

(a) —45.65kJ
(c) —22.82kJ

(b) —28.53kJ
(d) -57.06kJ

87.

88.

89.

90.

What is the free energy change, AG, when 1.0 mole
of water at 100°C and 1 atm pressure is converted
into steam at 100°C and 1 atm pressure?

(a) 540 cal (b) —9800 cal
(c) 9800 cal (d) Ocal

The enthalpy and entropy change for a chemical
reaction are —2500 cal and +7.4 cal/K, respectively.
The nature of reaction at 298 K is

(a) spontaneous

(b) reversible

(c) never occurring

(d) non-spontancous

A spontaneous reaction is impossible if

(a) both AH and AS are negative.

(b) AH and AS are positive.

(c) AH is negative and AS is positive.
(d) AH is positive and AS is negative.

For areversible reaction, if AG°=0, the equilibrium
constant of the reaction should be equal to

() 1
) 10

(a) zero
(c) 2




Section A (Only one Correct)

1.

Which of the following gas possess the largest
internal energy?

(a) 2 moles of He gas occupying 1000 L at 300 K.
(b) 56 kg of nitrogen at 107 Pa and 300 K.
(c) 8 gof oxygen at 8 atm and 300 K.

(d) 2000 mole of argon occupying 40000 L at
900 K.

A gas expands reversibly in a piston cylinder device
from V| to V,, the process being described by PV =
a+ bV, where Pisin Nm 2, Visinm’ and ¢ and b
are constants. The work done in the process (w) is

(a) alog, (g]w(m )

2

(b) —alog, (%)—b(vz V)

1

© -alog, (9)—!7(% V)

2

d) alog, (1} bV, -1
"
An average human produces about 10 MJ of heat
each day through metabolic activity. If a human
body were an isolated system of mass 80 kg with
the heat capacity of water, what temperature rise

would the body experience? Heat capacity of water
=42 J/K-g.

(a) 29.76°C
(¢) 2.976 x 10*°C

(b) 2.976 K
(d) 0.029°C

The heat capacity of liquid water is 75.6 J/K-mol,
while the enthalpy of fusion of ice is 6.0 kJ/mol.
What is the smallest number of ice cubes at 0°C
each containing 9.0 g of water needed to cool 500
g of liquid water from 20°C to 0°C?

(a) 1 (b) 7
() 14 (d) 21

An insulated container of gas has two chambers
separated by an insulating partition. One of the
chambers has volume V; and contains an ideal
gas at pressure P, and temperature 7. The other
chamber has volume ¥/, and it contains the same

6.

7.

EXERCISE Il (JEE ADVANCED)

ideal gas at pressure P, and temperature 7). If the
partition is removed without doing any work on
the gas, the final equilibrium temperature of the
gas in the container will be

TT,(RV, +BV))
PV, + BV,

PVT, + PV,T,

(a)
BV + BV,

(b)

PNT, + BVy T
BV + BV,

IT,(BV +BV))

©
PVT + BV,

(d)

The work involved (w) in an isothermal expansion
of nmoles of an ideal gas from an initial pressure
of ‘P’ atm to final pressure of 1 atm in number of
steps such that in every step, the constant external
pressure exactly 1 atm less than the initial pressure
of gas is maintained, is given as

i

(@) —nRT :Z_ (P+11—i)

i=1

o
(b) —nRT > (P+1—i)

' i
(c) —nRT 2 (P+1—i)

i

(d) ~nRT Y (P+il—i)

i=1

An ideal gaseous sample at initial state (P,, V,
T,) is allowed to expand to volume 2V using
two different processes. For the first process, the
equation of process is 2PV* = K, and for the
second process, the equation of the process is
PV=K,.

(a) Magnitude of work done in the first process
will be greater than that in the second
process.

(b) Magnitude of work done in the second
process will be greater than that in the first
process.

(c) Work done in both the processes cannot
be compared without knowing the relation
between K| and K,.

(d) First process is impossible.



10.

11.

12.

13.

If a triatomic non-linear gas is heated isothermally,
then what percentage of the heat energy is used to
increase the internal energy?

(a) zero (b) 60%

(c) 50% (d) 100%

A student is calculating the work done by 2 mole
of anideal gasin a reversible isothermal expansion
shown in the figure. By mistake he calculated the
area of the shaded area in the PV graph shown, as
work and answered the magnitude of work equal
to 49.26 L-atm. What is the correct magnitude
of work done by the gas in L-atm? (R = 0.0821
L-atm/K-mol)

(a) 49.26 (b) 98.52
(c) 78.63 (d) 34.14
P (atm)

27

2 Vinl) 4

In a certain polytropic process, the volume of
argon was increased 4 times. Simultaneously,
the pressure decreased 8 times. The molar heat
capacity of argon in this process, assuming the gas
to be ideal, is

(a) —4.2 J/K-mol

(c) 12.47 J/K-mol

(b) +4.2 J/K-mol
(d) 20.78 J/K-mol

The molar heat capacity at 25°C should be close to
27 J/IK-mol for all of the given elements except
(a) Pt (b)) W

(¢) Ne (d) Sr

The pressure and density of a diatomic gas (y =
7/5) change from (P, d,) to (P,, d,) adiabatically.
If d,/d, = 32, then what is the value of P,/P,?

(a) 32 (b) 64

(c) 128 (d) 256

How many times a diatomic gas should be

expanded adiabatically so as to reduce the RMS
speed to half?

(a) 8
(c) 32

(b) 16
(d) 64

14.

15.

16.

17.

18.

19.

Work done by a sample of an ideal gas in a process
A is double the work done in another process B.
The temperature rises through the same amount in
the two processes. If C, and Cp are the molar heat
capacities for the two processes, then

(@) Cy=Cy (b) Cy>Cy

(c) Cy<Cy (d) Both, undefined

One mole of oxygen is heated from 0°C at constant
pressure till its volume is increased by 10%. The

specific heat of oxygen, under these conditions, is
0.22 cal/g-K. The amount of heat required is

(a) 32x0.22x27.3%x4.2]
(b) 16x0.22x27.3x4.2]
32x0.22x27.3

22X0.22X273 4
© 42
@ 16x022x273,
42

Heat energy of 743 J is needed to raise the
temperature of 5 moles of an ideal gas by 2 K at
constant pressure. How much heat energy is needed
to raise the temperature of the same mass of the
gas by 2 K at constant volume? (R = 8.3 J/K-mol)

(a) 82617 (b) 74317
(c) 660J (d) 60017

When an ideal gas at pressure P, temperature 7'
and volume, V, is isothermally compressed to V/n,
its pressure becomes P;. If the gas is compressed
adiabatically to V/n, its pressure becomes P,. The
ratio of P/P, is
(a) 1

(c) n¥

(b) n
(d) n=v
If the ratio C/C, =7, the change in internal energy

of the mass of a gas, when volume changes from
to 2V at constant pressure P, is

(a) % (b) PV
© - @ ¥
v—1 v—1

A thermally insulated vessel containing a gas
whose molar mass is equal to 40 and ratio of
specific heats is 1.5, moves with a velocity 100
m/s. Find the gas temperature increment (in °C)
resulting from the sudden stoppage of the vessel.

(a) 12 (b) 24
(©) 36 (d) 48



20.

21.

22.

23.

24,

With what minimum pressure must a given volume
of an ideal gas (y = 1.4), originally at 400 K and
100 kPa, be adiabatically compressed in order to
raise its temperature up to 700 K?

(a) 708.9 kPa (b) 362.5kPa
(c) 1450 kPa (d) 437.4kPa

Two rigid adiabatic vessels A (volume =4 L) and B
(volume = 6 L), which initially contains two gases
at different temperatures are connected by a pipe of
negligible volume. The vessel A contains 2 moles of
Ne gas (Cp,, = 5 cal/K-mol) at 300 K and vessel B
contains 3 moles of SO, gas (Cp,,, = 8 cal/K-mol) at
400 K. What is the final pressure (in atm) when the
valve is opened and 12 kcal heat is supplied through
it to the vessels? (R =0.08 L-atm/K-mol)

(a) 3.5 (b) 7
() 35 d) 70

A container of volume 1 m®is divided into two
equal parts by a partition. One part has an ideal
diatomic gas at 300 K and the other part has
vacuum. The whole system is isolated from the
surrounding. When the partition is removed, the
gas expands to occupy the whole volume. Its final
temperature will be

(a) 300 K
(c) 455K

(b) 227.5°C
(d) 455°C
If all degree of freedom of a three-dimensional

N-atomic gaseous molecules is excited, then Cp/Cy,
ratio of gas should be

1

(a) 1.33 (b) 1+
1

(© 1+~ (@) 1+

One mole of an ideal gas undergoes a reversible
process T'= T, + oV, where T, and o are constants.
If its volume increases from V| to V,, then the
amount of heat transferred to the gas is

v,
(@) Cp,RT| ln(7]

1

® ac,, 2l
"RT, W,

V.
(C) aCP,m (I/2 - I/1 ) + RT;J ln(ﬁ}

1

(d) RT, ln[%J -aC,,,(V,-1)

1

25.

26.

27.

28.

The average degree of freedom per molecule for
a gas is 6. The gas performs 25 J of work when it
expands at constant pressure. What is the amount
of heat absorbed by the gas?

(a) 257 (b) 507
(c) 757 (d) 1007

One mole of an ideal monoatomic gas is heated
in a process PV>? = constant. By what amount
heat is absorbed in the process in 26°C rise in
temperature?

(a) 100J
(c) 2007

(b) 1807
(d) 2087

What is the heat capacity of the ideal monoatomic

gas undergoing the process shown in the
figure?
P (atm)
4
2 V(inL)
(a) 1.5R (b) 2.5R
(c) 3.5R (d) 1.33R

A sample of ideal gas is compressed from
initial volume of 2V, to V using three different
processes as follows.

(1) Reversible isothermal

(2) Reversible adiabatic

(3) Irreversible adiabatic under
external pressure.

a constant

Then

(a) Final temperature of gas will be highest at the
end of second process.

(b) Magnitude of enthalpy change of sample will
be highest in isothermal process.

(c) Final temperature of gas will be highest at the
end of third process.

(d) Final pressure of gas will be highest at the end
of second process.



29.

30.

31.

32.

An ideal gas expands from volume V| to V,. This
may be achieved by any of the three processes,
such as isobaric, isothermal and adiabatic. Which
of the following statement is not true for AE?

(a) AEis the least in the adiabatic expansion.
(b) AE is the greatest in the adiabatic expansion.
(¢) AEis the greatest in the isobaric process.

(d) AE in isothermal process lies in between the
value obtained under isobaric and adiabatic
process.

Inversion temperature is defined as the temperature
above which a gas gets warm up and below
which, the gas become cooler, when expanded
adiabatically. Boyle temperature for a gas is 20°C.
What will happen to the gas if it is adiabatically
expanded at 50°C?

(a) Heating

(b) Cooling

(c) Neither heating nor cooling.

(d) First cooling then heating.

An adiabatic cylinder fitted with an adiabatic
piston at the right end of cylinder is divided
into two equal halves with a monoatomic gas on
left side and diatomic gas on right side using an

impermeable movable adiabatic wall. If the piston
is pushed slowly to compress the diatomic gas

to %th of its original volume. The ratio of new

volume of monoatomic gas to its initial volume

would be
(b) ( )

3
(d) 2

25

ot

21

o )

If four identical samples of an ideal gas initially at
the same state (P, V,, T,) are allowed to expand
to double their volumes by the following processes

(VAN

Process I: Isothermal reversible process

Process II: Reversible process P>V = Constant
Process I11: Reversible adiabatic process

Process IV: Irreversible adiabatic expansion
against constant external pressure.

If the final states of gases are shown by different
points in the graph represented, then match each
point with the correct process.

33.

34.

PA ol
¢ i
(Po,Vo,To) :
i o2
: $3
e
! Ly
Vs 2V,

(a) I-1,11-2,111-3,1V -4
(b) 1-2, 111,111 - 4,1V -3
(¢c) I-4,11-3,1IT-2,IV-1
(d)I1-2,11-1,111-3,1V -4
For an ideal gas subjected to different processes as
shown in the graphs, select the graph which will

involve the greatest amount of heat exchange if
the initial and final temperatures are same in all?

(a) , / (b) ) /
-~ -
(c) ) / (d) ., /

A thermodynamic process is shown in the following
figure. The pressure and volumes corresponding
to some points in the figure are P, = 3 X 10* Pa,
Py = 8 x 10 Pa, Vy = 2 x 10° m’,
Vp =5 x 107 m’. In the process AB, 600 J of
heat is added to the system and in BC, 200 J
of heat is added to the system. The change in
internal energy of the system in the process AC
would be

Pt B C
A D
0 14
(a) 560 ] (b) 8007
(c) 6007 (d) 6407



35.

36.

37.

38.

Two moles of an ideal monoatomic gas undergoes
a cyclic process ABCA as shown in the figure.
What is the ratio of temperature at B and A?

3P,

(a) 1:1
(c) 27:4

One mole of a certain ideal gas is contained
under a weightless piston of a vertical cylinder
at a temperature 7. The space over the piston
opens into the atmosphere. What work has to be

performed in order to increase the gas volume 40.

isothermally under the piston 1 times by slowly
raising the piston? The friction of the piston
against the cylinder walls is negligibly small.

(@) RT(n—1-1Inn)
(b) RT(1-n+1nn)
(¢) RTInn

(d) —RTInn

A piston can freely move inside a horizontal
cylinder closed from both ends. Initially, the piston
separates the inside space of the cylinder into two
equal parts each of volume V, in which an ideal
gas is contained under the same pressure P, and
at the same temperature. What work has to be
performed in order to increase the volume of one
part of gas isothermally n times when compared
to that of the other by slowly moving the piston?

(a) P,V,Inm 41.

(n=+1)’
4n

(m-1)

(b) PV, In

2

(c) P,V ,In

(d) 2P,V Inn

Three samples A, B and C of the same ideal gas 42.

(y = L.5) have equal volumes and temperatures.
The volume of each sample is doubled, the

39.

process being isothermal for A, adiabatic for B
and isobaric for C. If the final pressures are equal
for the three samples, then the ratio of their initial
pressures is

(@) 1:1:1 (b) 2:2:1
() 2:242:1 (d) 1:242:2

A cylinder with thermally insulated walls contains
an insulated portion which can slide freely. The
partition divides the cylinder into two chambers
containing equal moles of the same gas, the initial
pressure, temperature and volume being P,, T,
and V, respectively. By means of heating the coil,
heat is supplied slowly to the gas in one chamber
(A) until its pressure becomes 27P_ /8. If the value
of yis 1.5, then find the heat supplied to the gas in
chamber A.

(a) 5P,V /4
© 15P,V./2

(b) 19P, V.12
(d) 15P,V,/4

A portion of helium gas in a vertical cylindrical

container is in thermodynamic equilibrium with

the surroundings. The gas is confined by a movable

heavy piston. The piston is slowly elevated by a

distance H from its equilibrium position and then

kept in the elevated position long enough for the

thermal equilibrium to be re-established. After

that, the container is insulated and then the piston

is released. After the piston comes to rest, what

is the new equilibrium position of the piston with

respect to initial position?

(a) The piston ends up 0.4H above its initial
position.

(b) The piston ends up 0.6H above its initial
position.

(c) The piston ends at its initial position.

(d) The piston ends up 0.4H below its initial
position.

Three lawn chairs, one made up of aluminium
(heat capacity = 0.90 J/K-g), one of iron (heat
capacity = 0.45 J/K-g) and one of tin (heat
capacity = 0.60 J/K-g) are painted of the same
colour. On a sunny day, which chair will be hotter
to sit?

(b) Tin chair
(d) All are same

(a) Iron chair
(¢) Aluminium chair

One mole of a real gas is subjected to a process
from (2 bar, 30 L, 300 K) to (2 bar, 40 L, 500 K).
The molar heat capacity of gas at constant volume



43.

44.

45.

46.

47.

and constant pressure are 25 and 40 J/K-mol,
respectively. What is the change in internal energy
of the gas in this process?
(a) 500017
(c) 800017

(b) 6000J

(d) 10,0007

A real gas is subjected to an adiabatic process from
(2 bar, 40 L, 300 K) to (4 bar, 30 L, 300 K) against
a constant pressure of 4 bar. The enthalpy change
for the process is

(b) 6000J

(d) 10,0007

(a) zero
(c) 800017

The equation of state for one mole of a gas is
PV =RT+ BP, where Bis a constant, independent
of temperature. The internal energy of fixed
amount of gas is the function of temperature
only. If one mole of the above gas is isothermally
expanded from 12 L to 22 L at a constant external
pressure of 1 bar at 400 K, then the change in
enthalpy of the gas is approximately (B =2 L/mol)

(@ 0 (b) =3.327
(c) —3327J (d) —1667J

One mole of a real gas is subjected to heating
at constant volume from (P,, V,;, T)) state to
(P,, V, T,) state. Then it is subjected to irreversible
adiabatic compression against constant external
pressure of P; atm, till the system reaches
final state (P;, V,, T3). If the constant volume
molar heat capacity of real gas is Cy, then
the correct expression for AH from State 1 to
State 3 is

(@) Cy(I5-T)+(P5V, - P V)

(b) Gy (T, - Ty +(P3V,— P 1))

() Cy(IL, =T+ PV, - P V)

(d) Co(T,=T)) +(P3V, = P V)

The efficiency of a Carnot cycle is 1/6. On
decreasing the temperature of the sink by 65°C,
the efficiency increases to 1/3. The temperature of
source is
(a) 117°C
(c) 390°C

(b) 52°C

(d) 1755°C

A Carnot engine operates between 327°C and
117°C. If it absorbs 120 cal heat per cycle from
the source, then the heat rejected per cycle to the
sink is

(a) 120 cal
(c) 78 cal

(b) 42 cal
(d) 90 cal

48.

49.

50.

51.

52.

53.

In which case will the efficiency of a Carnot cycle
be higher, when the hot body temperature is
increased by AT or when the cold body temperature
is decreased by the same magnitude?

(a) Same in both.
(b) On decreasing the temperature of cold body.
(¢) On increasing the temperature of hot body.

(d) Depends on the initial temperature of cold
and hot bodies.

An ideal gas (y=1.40) is used in a Carnot cycle as
a working substance. The efficiency of the cycle,
if as a result of an adiabatic expansion the gas
volume increases 2.75 times, is [(1 .5)2‘5 =2.75]

©) 50% d) 25%

What is the efficiency of a cycle consisting of two
isochoric and two adiabatic lines, if the volume of
the ideal gas changes 10 times within the cycle?
The working substance is nitrogen [(10)**=2.5].

(a) 40% (b) 25%

(c) 60% (d) 75%

A reversible heat engine absorbs 40 kJ of heat
at 500 K and performs 10 kJ of work rejecting
the remaining amount to the sink at 300 K. The
entropy change for the universe is

(a) =80 J/K (b) 100 J/K

(c) 20J/K (d) 180 J/K

Molar heat capacity of CD,O (deuterated form
of formaldehyde) vapour at constant pressure
is vapour 14 cal/K-mol. The entropy change
associated with the cooling of 3.2 g of CD,O
vapour from 1000 K to 900 K at constant
pressure is (assume ideal gas behaviour for CD,0)
[In 0.9 =-0.1]

(a) +0.14 cal/K
(¢) —1.4cal/lK

(b) —0.14 cal/K
(d) +1.4 cal/K

An amount of 2 mole of CO was in the small
cubical container of length (/=a) at 57°C. The gas
was taken out completely from the small container
and put into large container (/ = 2a) at the same
temperature. What is the change in entropy, if it
is assumed that the process is reversible and gas is
behaving as an ideal gas?

(a) 34.58 J/K
(©) —11.53J/K

(b) —34.58 J/K
(d) +11.53 J/K



54.

55.

56.

57.

58.

59.

60.

The change in entropy accompanying the
heating of one mole of helium gas (C,,, = 3R/2),
assumed ideal, from a temperature of 250 K to
a temperature of 1000 K at constant pressure is
(In2=0.7)

(a) 4.2 callK
(c) 2.1 callK

(b) 7.0 cal/K

(d) 3.5cal/K

The molar entropy of a constant volume sample
of neon at 500 K if it is 46.2 cal/K-mol at 250 K is
(In2=0.7)

(a) 2.1 cal/K-mol
(c) 48.3 cal/K-mol

(b) 44.1 cal/K-mol
(d) 46.2 cal/K-mol

A sample of perfect gas that initially occupies
15.0 L at 300 K and 1.0 bar is compressed
isothermally. To what volume must the gas be
compressed to reduce its entropy by 5.0 J/K?
[ln0.36=-1.0,In2.7=1.0]

(a) 54L (b) 822L
(c) 40.5L (d) 5.56L

A system undergoes a process in which the entropy
change is +5.51 JK''. During the process, 1.50
kJ of heat is added to the system at 300 K. The
correct information regarding the process is

(a) the process thermodynamically reversible.
(b) the process is thermodynamically irreversible.

(¢c) the process may or may not be
thermodynamically reversible.

(d) the process must be isobaric.

Consider a reversible isentropic expansion of 1
mole of an ideal monoatomic gas from 27°C to
927°C. If the initial pressure of gas was 1 bar, then
the final pressure of gas becomes

(a) 4 bar (b) 8 bar
(¢) 32 bar (d) 0.25 bar

A quantity of 1.6 g helium gas is expanded
adiabatically 3.0 times and then compressed
isobarically to the initial volume. Assume ideal
behaviour of gas and both the processes to
bereversible. The entropy change of the gas in this
processis (In3=1.1)

(a) —1.1 cal/K
(¢) —2.2 cal/lK

(b) +1.1cal/K
(d) +2.2 cal/K

The entropy change of 2.0 moles of an ideal gas
whose adiabatic exponent y = 1.50, if as a result of
a certain process, the gas volume increased 2.0 times
while the pressure dropped 4.0 times, is (In 2 =0.7)

61.

62.

63.

64.

65.

(a) —11.64 J/K (b) +11.64 J/K
(c) —34.92J/K (d) +34.92 J/K

Each of the vessels 1 and 2 contain 1.2 moles
of gaseous helium. The ratio of the volume of
vessels is V,/ V= 2.0, and the ratio of the absolute
temperature of helium in them is 7,/7, = 2.0.
Assuming the gas to be ideal, find the difference of
gas entropies in these vessels, S, — S, (In 2=0.7).

(a) 0.84 cal/lK (b) 4.2 cal/lK
(c) —0.84 cal/K (d) —4.2 cal/K

One mole of an ideal gas with the adiabatic
exponent “y goes through a polytropic process
as a result of which the absolute temperature of
the gas increases 1-fold. The polytropic constant
equals n. The entropy increment of the gas in this
process is

(a) _(m=7)R nt (b) (n=Dy-1) In
(n=D(y-1) (n=7)R
(n—-v)R (n—v)R

(C) W Int (d) W Int

The expansion process of 2.0 moles of argon
proceeds so that the gas pressure increases in direct
proportion to its volume. The entropy change of the
gas in this process if its volume increases 2.0 times,
is(In2=10.7)

(a) +11.2 cal/K (b) —11.2 cal/K

(c) +5.6 cal/K (d) —5.6 cal/K

An ideal gas with the adiabatic exponent y goes
through a process P = P, — oV, where P, and o are
positive constants and ¥V is the volume. At what

volume will the gas entropy have the maximum
value?

v.P Y.P
o b o

@ 2o ®
© %h @ b
v+1 v-1

One mole of an ideal gas undergoes a reversible
process in which the entropy of the gas changes
with absolute temperature 7" as S = aT + C,
InT, where a is a positive constant. If 7= T, at
V=V, then the volume dependence of the gas on
temperature in this process is

(@ T=T,+InV (b) T=T,+ E.lnz
a V

R .V a T

¢c) T=T,+ —.In— d V=V, + —.In—
(©) oty (d) R



66.

67.

68.

69.

70.

71.

At very low temperature, the heat capacity of
crystals is equal to C = aT?>, where « is a constant.
Find the entropy of a crystal as a function of
temperature in this temperature interval.

aT?

(a) §= (b) S=al?

a’l?
2

aT
() (d) 5

The entropy change accompanying the transfer of
12,000 J of heat from a body A at 327°C to a body
Bat 127°C is

(a) —10.0 /K
(c) =57.8 /K

(b) +10.0 J/K
(d) +57.8 J/K

A piece of alloy weighing 4 kg and at a temperature
of 800 K is placed in 4 kg of water at 300 K. If
the specific heat capacity of water is 1.0 cal/K-g
and that of alloy is 4 cal/K-g, then the AS,;, is
(In2=0.7,In3=1.1,In 7=1.95)

(a) +3.33 kcal/K (b) —1.0 kcal/K
(¢) +1.0 kcal/K (d) +1.33 kcal/K

Two blocks of copper metal are of the same size
(heat capacity = C) but at different temperatures
T, and T,. These blocks are brought together
and allowed to attain thermal equilibrium. The
entropy change of system is
(T, -T;)
(@ ¢ =)
41T,
(1, -T;)
(b) C-1In -1
41T,

(¢) C'In M+ 1]

41T,

d) C1
(d) C:In AT,

Yﬂ+ﬂf_q

Assuming ideal gas behaviour, the AS for the
isothermal mixing of 0.8 mole N, and 0.2 mole of
0,is(In2=0.7,In10=2.3)

(a) +0.96 cal/K (b) +0.32 cal’/K

(¢c) —0.96 cal/K (d) —0.32 cal/K

If all the following gases are in monoatomic form,
then which of the following has greater entropy?
() H (b) N

() O (d) Cl

72.

73.

74.

75.

76.

77.

Which of the following would be expected to have
the largest entropy per mole?

(a) SO,Cly(s) (b) SO,CL()
(¢) SO,Cly(g) (d) SO,(g)

The enthalpy of formation steadily changes
from —17.89 Kcal/mol to —49.82 Kcal/mol as we
go from CH,, C,Hy to CgH,g. The value of AG
however shows opposite trend from —12.12 Kcal/
mol for CH, to 4.14 Kcal/mol for CgH 4. Why?

(a) As the number of carbon atoms increases, the
number of possible isomers increases. This
reverses the expected trend of AG values.

(b) The increase in the number of C-C bonds in
relation to the number of C—H bonds modifies
the trend of AG values in relation to AH values.

(c) In the formation of C,H,,,, from n carbon
atoms and (n + 1) hydrogen molecules there is
a large decrease in entropy. This is reflected in
the AG values.

(d) No simple reason is possible.

An amount of 5 mole H,O(1) at 100°C and 1 atm
is converted into H,O(g) at 100°C and 5 atm. AG
for the process is

(a) zero (b) 18651n 5 cal

(c) 3730 1In 5 cal (d) =37301n 5 cal

Heat liberated by a given amount of an ideal gas
undergoing reversible isothermal process is 1200
cal at 300 K. What is the Gibbs free energy change
of the gas in this process?

(a) zero (b) +1200 cal

(¢) —1200 cal (d) 4 cal

A reaction at 300 K with AG® = —1743 J consists
of 3 moles of A(g), 6 moles of B(g) and 3 moles
of C(g). If A, B and C are in equilibrium in one
liter vessel, then the reaction should be (In 2 = 0.7,
R=28.3J/K-mol)

(a) A+B=C
©) 2A=B+C

(b) A= B+2C
(d A+B=2C
The vapour pressures of water and ice at —10°C

are 0.28 and 0.26 Pa, respectively. What is the
molar free energy change for the process?

H,0 (1, -10°C, 0.28 Pa) — H,O (s, —10°C, 0.26 Pa)

(a) R><263><1n% (b) R><263><1n§

(c) Rxlean (d) R><10><1nE
14 13



78.

A definite mass of a monoatomic ideal gas at 1 bar
and 27°C expands against vacuum from 1.2 dm’
to 2.4 dm>. The change in free energy of the gas,
AG, is (R =0.08 bar- L/K-mol, In 2 =10.7)

(a) 1.2 kcal rise in AG°.
(b) 1.2 kcal fall in AG®.
(c) 2.4 kcal rise in AG°.
(d) 2.4 kcal fall in AG®.

(a) 0 (b) —64 bar-1 )
(c) +84] (d) —847 80. The vapour pressure of water is 0.04 atm at 27°C.
The free energy change for the following process is
79. For a reaction A — B carried out at 27°C, H,0 (g, 0.04 atm, 27°C) — H,O (1, 0.04 atm, 27°C)
the ratio of equilibrium concentrations of the
product to reactant changes by a factor of ¢* (a) 0 (b) R><300><1nL
for every 25
(¢) Rx300xIn25 (d) 300R
Section B (One or More than One Correct)
1. Which of the following physical quantities are 5. AE must be zero for
both independent from amount and path (a) cyclic process
(a) Internal energy (b) isothermal ideal gas expansion
(b) Temperature (c) isothermal real gas expansion
p g p
(c) Molar heat exchanged at constant volume. (d) isothermal change in physical state
(d) Molar heat exchanged at constant pressure.
2. Which of the following sets does show the intensive 6. Select the correct option(s).
properties? (a) Molar internal energy is an intensive
(a) Temperature and pressure. property.
(b) Viscosity and surface tension. (b) .Ideal gases produge more WOﬂf m an
(c) Refractive index and specific heat. isothermal  reversible ~ expansion  as
(d) Volume and heat capacity. compared to Van der Waals gases, assuming
' (V' >> nb).
3. For an isolated system, the wall/boundary (c) Reversible process can be reversed at any
separating the system from surrounding must be point in the process by making infinitesimal
(a) rigid (b) impermeable change.
g p g
(¢) adiabatic (d) diathermal (d) Less heat is absorbed by the gas in the
4. Anideal gas is taken reversibly from state A (P, V) rev§r51ble 1§oth§rmal eXpansion as compared
. s to irreversible isothermal expansion to the
to the state B (0.5 P, 2 V) along a straight line in same final volume
PV diagram. Which of the following statement(s) ‘
is/are correct regarding the process? ) ) )
7. Which of the following statement(s) is/are true?

(a) The work done by gas in the process A to B
exceeds the work that would be done by it
if the same change in state were performed
isothermally.

(b) In the 7-V diagram, the path AB becomes a
part of parabola.

(c) In the P-T diagram, the path AB becomes a
part of hyperbola.

(d) On going from A to B, the temperature of the
gas first increases to a maximum value and
then decreases.

(a) Cy,, is independent of temperature for a
perfect gas.

(b) If neither heat nor matter can enter or leave a
system, the system must be isolated.
(©) $dF =0, where F=U, H, G, S.

(d) A process in which the final temperature
equals to the initial temperature must be an
isothermal process.



8.

9.

10.

11.

Which of the following is/are

incorrect?

statement(s)

(a) AE =g+ w for every thermodynamic system at
rest in the absence of external field.

(b) A thermodynamic process is specified by
specifying the initial and final state of the
system.

(c) Adiabatic free expansion of any gas is also
isothermal.

(d) For every cyclic process, the final state of the
surroundings is the same as the initial state of
surroundings.

Which of the following statement(s) is/are true for
ideal gas?

(@) (—Wyy) — (—wy,) > 0 for isothermal expansion.
(b) Wy, > Wy, for isothermal compression.

(¢) Heat rejected in isothermal process is greater
in (n— 1)th stage as compared to nth stage work.

(d) Arrow shown in the graph below indicates the
decreasing value of 7.

P

An amount of 4 moles of an ideal monoatomic
gas expands adiabatically and reversibly by which
its temperature decreases from 47°C to 17°C.
Which of the following is/are true?

(a) ¢g=0 (b) AH=0
(¢) AH=-600 cal (d) AU=-600 cal

Which of the following statement(s) is/are correct

regarding ideal gas?

(a) If all the gas molecules are assumed to be rigid
spheres of negligible volume, then the only
possible molecular motion is translational.

(b) In polyatomic molecules, the motion of each
atom is independent to the motion of other

12.

13.

14.

15.

atoms of the same molecule and the net
motion of the molecule is the resultant of
motion of all the constituent atoms.

(¢) Kinetic and potential energies are independent
modes to describe the energy of a particle.

(d) All polyatomic molecules have two rotational
degrees of freedom.

Two moles of anideal gas (C, ,, = 1.5R) is subjected
to the following changes in states.
A (500 K, 5  Dar)

Reversible isothermal B
Expansion

Isochoric cooling

D (3 bar)

Single stage adiabatic
compression

C(250K, 1 bar)

The correct statement(s) is/are

(a) The pressure at B is 2.0 bar.
(b) The temperature at D is 450 K.
(c) AHqp=1000R

(d) AUpc-=375R

Which of the following is true for reversible
adiabatic process involving an ideal gas?

(a) Gas with higher yhas high magnitude of slope
in a P (y-axis) vs. T (x-axis) curve.

(b) Gas with higher yhas high magnitude of slope
ina V (y-axis) vs. T (x-axis) curve.

(c) Gas with higher yhas high magnitude of slope
in a P (y-axis) vs. V' (x-axis) curve.

(d) Gas with higher y has low magnitude of slope
in a P (y-axis) vs. T (x-axis) curve.

For a process to occur under adiabatic conditions,
the essential condition(s) is/are

(a) AT=0 (b) AP=0
(c) ¢=0 (d) AU=0

For a process to occur under isothermal conditions,
the essential condition(s) is/are

(a) dT=0 (b) dP=0

(c) ¢=0 (d) dU=0



16.

17.

18.

19.

Assume ideal gas behaviour for all the gases
considered and vibrational degrees of freedom to
be active. Separate equimolar samples of Ne, O,,
SO, and CH, gases were subjected to a two-step
process as mentioned. Initially, all are at the same
temperature and pressure.

Step I: All undergo reversible adiabatic expansion
to attain the same final volume, which is double
the original volume thereby causing decrease in
their temperature.

Step II: After Step I, all are given appropriate
amount of heat isochorically to restore the original
temperature.

Which of the following is/are correct statement(s)?
(a) Due to Step I only, the decrease in temperature
will be maximum for Ne.

(b) During Step II, heat given will be maximum
for CH,.

(c) There will be no change in internal energy
for any gas after both the steps of process are
completed.

(d) The P-V graph of CH, and SO, will be the
same for overall process.

Which of the following statement(s) is/are incorrect?

(a) The specific heat capacity of substance is
greater in the solid state than in liquid state.

(b) The specific heat capacity of a substance is
greater in gaseous state than in the liquid state.

(c) The latent heat of vaporization of a substance
is greater than that of fusion.

(d) The internal energy of an ideal gas is a
function of its temperature.

For which of the following gases, the difference in

specific heats at constant pressure and at constant

volume is equal to 0.04545 cal/gm?

(@) N, (b) N,O

(c) CO (d) CO,

A liquid is adiabatically expanded from state — I

to state — I1, suddenly by a single step, as shown in

the figure then

20.

21.

22,

23.

(c) AH=—-P,V, (d) AU=-3P,V,

Which of the following
incorrect?

statement(s) is/are

(a) Foraclosed system at rest with no fields, the sum
of ¢ + w has the same value for every process
that goes from a given state 1 to a given state 2.

(b) If a closed system at rest in the absence of
external fields undergoes an adiabatic process
that has w =0, then the temperature of system
must remain constant.

(¢) A change in state from state 1 to state 2
produces a greater increase in entropy of the
system when carried out irreversible than
when carried out reversibly.

(d) The change in entropy of the system for an
adiabatic process in a closed system must be zero.

Which of the following
incorrect?

statement(s) is/are

(a) Combustion of methane gas in an adiabatic
rigid container will cause no change in
temperature of the system.

(b) Tt is possible to have both adiabatic reversible
and adiabatic irreversible processes between
two states.

(¢) For a reaction involving only ideal gases and
occurring at constant temperature, there will
not be any change in the internal energy of
the system.

(d) P-V work is always non-zero when there is
some change in the volume of system.

Which of the following statement(s) is/are correct
regarding reversible adiabatic and isothermal
processes for an ideal gas, starting from the same
initial state to the same final volume?

(a) In expansion, more work is done by the gas in
isothermal process.

(b) In compression, more work is done on the gas
in adiabatic process.

(¢) In expansion, the final temperature of gas will
be higher in isothermal process.

(d) In compression, the final temperature of gas
will be higher in adiabatic process.

A heat engine is operating in between 500 K and
400 K. If the engine absorbs 100 J heat per cycle,
then which of the following is impossible amount
of heat rejected by the engine per cycle?

(a) 757 (b) 85J

(c) 90J (d) 7017



24.

25.

26.

27.

For the cyclic process given below, which of the
following relations are correct?

Reversible
<
Irreversible

2

5
(a) AS=S,-S, = j—qT
1

1

8¢,

(b) AS=5,-S, = [T
2

[ quev 1 5qirr
(C) AScycle = O = _!‘ T + ‘IT

t oq ! 7
s3]

For which of the following process AS'

(]
sys

(a) The dissolution of ammonium nitrate in water.

is positive?

(b) The expansion of a sample of chlorine into a
larger volume.

(c) The decomposition of mercuric oxide.

(d) The rusting of iron.

Any process will be spontaneous at constant
pressure and temperature when

(@) ASgygiem =tve (b) AS,,i, =+ve

(€) AG=-ve (d) AG,;, =+ve

Which of the following statement(s) is/are incorrect?

(a) Entropy is a measure of unavailable energy.

(b) Decreasein free energy of the system represents
the unavailable energy of the system.

(¢c) Complete conversion of heat into work is not
possible in a reversible isothermal expansion
of ideal gas.

(d) Complete conversion of heat into work is

28.

29.

30.

not possible in an irreversible isothermal
expansion of ideal gas.

Which of the following processes are expected

to be spontaneous at low temperature and non-

spontaneous at high temperature?

(a) Dissociation of PCly(g) into PCls(g) and
Cly(g).

(b) Formation of H,O(]) from H,(g) and O,(g).
(¢) Formation of H,0(g) from H,(g) and O,(g).

(d) Freezing of water.

The normal boiling point of a liquid is 350 K
and AH, . is 35 kJ/mol. Assume that AH , is

indepena/;%t from temperature and pressure.V dPFhe
correct statement(s) is/are

(a) AS,,,>100J/K-mol at 350 K and 0.5 atm.
(b) AG,,, <0at 350 K and 0.5 atm.

(¢) AS,,,>100J/K-mol at 350 K and 2.0 atm.
(d) AG,,,>0at 350 K and 2.0 atm.

Select the correct statement(s).

(a) In a reversible process, AG is always zero in a
closed system.

(b) In a reversible process, AS,;, is always zero in
a closed system.

(c) Inareversible process, AS, is always zero in a
closed system.

(d) In a reversible process, AS is always zero in
an isolated system.

Section C (Comprehensions)
Comprehension |

An amount of 4 mole of hydrogen gas is taken in a vessel at STP and the vessel is sealed. Now the gas is cooled to —50°C.
3. What is the magnitude of work done by the gas?

1.

What is the change in internal energy of gas?
(a) —1400 cal (b) —600 cal

(c) —1000 cal (d) Zero

What is the change in enthalpy of gas?

(a) —1400 cal (b) —600 cal

(c) —1000 cal (d) Zero

(a) 6007J
(b) 600 cal
(c) 1000 cal
(d) Zero




Comprehension Il

An ideal gas (Gp/C, =) is expanded so that the amount of heat transferred to the gas is equal to the decrease in its

internal energy.

4. What is the molar heat capacity of gas in this

process?
(a) Cv,m (b) _Cv,m
(©) Cpm (d) —Cppy

5. What is the relation between 7'and V of gas in this
process?
(a) T-V>Y~V = Constant
(b) -V~ ! = Constant

(¢c) TV V2= Constant
(d) T-V" = Constant

6. What is the magnitude of work performed by one
mole of the gas when its volume increases 8 times
if the initial temperature of the gas is 300 K? C,
for the gasis 1.5R.
(a) 900 cal
(c) 1247.7 cal

(b) 450 cal
(d) 623.8 cal

Comprehension 111

As a result of the isobaric heating by AT =72 K, one mole of a certain ideal gas obtains an amount of heat 0 =1.60 kJ.

7. The work performed by the gas is

(a) 8.60 kJ (b) 0.60kJ
(c) 16.60 kJ (d) 4.60 kJ
8. The increment of its internal energy (in kJ) is
(@) 1.0 (b) 1.6
(c) 2.2 (d) 2.0

9. The value of 7y for the gas is
(a) 0.6 (b) 0.16
(c) 1.6 (d) 2.2

Comprehension IV

An ideal gas whose adiabatic exponent equals vy is expanded according to the law P = oV, where o is a constant. The
initial volume of the gas is equal to V,. As a result of expansion, the volume increases 4 times.

10. What is the in the increment of the internal energy

of the gas?
1 2 2
(a) % (b) oy
v-1 v-1
150V} 15 ;e
(C) o 0 (d) (x('Y+ ) 0
2 2(y-D

11. What is the magnitude of work performed by the

gas?
1 2 2
(a) 220 by 2o
v-1 v-1
© 150V @ 150(y + 1)V
2

2(y-1)

12. What is the molar heat capacity of the gas in the
process?
R(y+1
(@) (v+D
2(y-D

2
(b) %
v-1

R(y-1)
© 2y

150y + 1)V

d
@ 2(y-1)




Comprehension V

One mole of an ideal gas whose adiabatic exponent equals y undergoes a process in which the gas pressure relates to the
temperature as p = aT%, where a and o are constants.

13. What is the magnitude of work performed by the 15. At what value of o will the heat capacity be

gas if its temperature is increased by AT'? negative?
(a) R(1 —o)AT (b) Ra-AT (a) a<—1 (b) <0
(c) RAT/(1 - ) (d) RATIo © o> Y (d) o<y
14. What is the molar heat capacity of the gas in the v-1

process?

R(1+
(a) RU*) (b) R

y-1 Y- 1

(¢ i+R(1—oc) (d) i+i

vy-1 v—-1 l-a

Comprehension VI

An ideal gas with the adiabatic exponent yy undergoes a process in which its internal energy relates to the volume as
U=a.V% where a and o are constants.

-1 _
16. What is the magnitude of work performed by the (a) AU (HY—) (b) AU ( —Ll)
gas to increase its internal energy by AU? o o
@ RAU ) AU ©) AU(HLI) (d) R~AU(1+Y—_1)
a(y-1) a(y-1) k *
AU(y-1) AU -a. 18. What is the molar heat capacity of the gas in this
(c) o (d) (v=1) process?
(@ (b) =
17. What amount of heat is to be transferred to this a(y-1) a+y-1
gas to increase its internal energy by AU? R R R R
© o @ —-=
vy-1 o vy-1 o

Comprehension VII

The adiabatic compression of a mixture of 2 volumes of hydrogen and 1 volume of oxygen from 320 ml to 10 ml caused
explosion. The initial pressure and temperature of the gaseous mixture were 1 atm and 27°C.

19. What is the pressure of the gaseous mixture at the 21. What is the magnitude of maximum work
moment of explosion? performed by the gaseous mixture before
(a) 32 atm (b) 128 atm explosion?
(c) 1/32atm (d) 1/128 atm (a) 145.877 (b) 243.1217

20. What is the temperature of the gaseous mixture at (c) 24003 (d) 0

the moment of explosion?

(a) 1200 K (b) 300 K
(c) 75K (d) 3023.8K




Comprehension VIII

A cylindrical container of volume 44.8 L is containing equal number of moles of an ideal monoatomic gas in two sections
A and B, separated by an adiabatic frictionless piston as shown in the figure. The initial temperature and pressure of gas
in both section is 27.3 K and 1 atm. Now, gas in section A is slowly heated till the volume of section B becomes one-eighth
of the initial volume.

Frictionless adiabatic piston Frictionless adiabatic piston
q—+ A B 1+ Adiabatic A B | +— Adiabatic
wall wall
Initial state Final state

22. What will be the final pressure of gas in Section B? 24. The change in enthalpy of gas in Section A is

(a) 2 atm (b) 8atm (a) 48.3 kcal (b) 80.53 kcal

(c) 16 atm (d) 32 atm (c) 4.83 kcal (d) 8.05 kcal
23. What is the final temperature of gas in Section A?

(a) 1638 K (b) 6988 K

(c) 3274 K (d) 51K

Comprehension IX

The vapour pressure of water at 353 K is 532 mm Hg. The external pressure on H,O (1) taken in a cylinder fitted with
frictionless movable piston initially containing 0.9 L (= 0.9 kg) of H,O (1) at 353 K is increased to 1 atm at the constant
temperature. Then, heat is supplied keeping the pressure constant till 0.45 L of H,O (1) is evaporated to form H,O (g)
at 373 K. Assume the internal energy of liquid to be dependent only on temperature. Answer the following questions by
carefully observing the diagrams and the data provided.

Specific heat of H,O (I)=4.2 J/'C-g
AH_ at 373 K and 1 atm = +40 kJ/mol

vap

1 L-atm=100J
R =8 J/K-mol
< T T
(e (e (e
Pext =
532 mm Hg Pext = 1 atm Pext = 1 atm

b-H>0 (/) +»H>0 (/)
V=09L V=09L
M=09kg M=09kg[- > 1,0 (/)
V=045L
M =0.45kg
T=353K T=373K
State-2 State-3

25. AH (in J), when system is taken from State-1 to 26. Total change in AU (in kJ) going from State-1 to
State-2, is State-3 is
(a) zero (b) 0.27 (a) 75.6 (b) 1075.6
(c) 27 (d) 90 (c) 1001 (d) 74.6



27.

Total change in enthalpy (in kJ) going from State-1
to State-3 is
(a) 75.6
(c) 1001

(b) 1075.6
(d) 74.6

What is the magnitude of work done (in J) in going
State-1 to State-3?

(a) Zero (b) 74.6
(c) 90 (d) 315

Comprehension X

One mole of a monoatomic ideal gas is used as a working substance in an engine working in the following reversible
cycle, process AB =isobaric compression; process BC = adiabatic compression; process CD = isochoric heating; process

DA =isothermal expansion. The ratio of maximum to minimum volume and temperature during the cycle is 82 and 4,

respectively. The maximum temperature in the cycle is 800 K.

29. The temperature of gas at state ‘C’ is The change in internal energy of gas in the process
(a) 800 K (b) 200 K BCis
(c) 400K (d) 100K (a) 2.49kJ (b) —2.49KkJ
(c) 4.16 kJ (d) —4.16kJ
Section D (Assertion — Reason)
The following questions consist of two statements. Statement 1I: In adiabatic free

Mark the answer as follows.

(@)
(b)

(©)
@

If both statements are CORRECT, and Statement
IT is the CORRECT explanation of Statement I.

If both statements are CORRECT, and Statement
II is NOT the CORRECT explanation of
Statement I.

If Statement I is CORRECT, but Statement II is
INCORRECT.

If Statement I is INCORRECT, but Statement 11
is CORRECT.

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

Statement II: The volume occupied by the
molecules of an ideal gas is negligible.

Statement I: There is no change in enthalpy of
an ideal gas during compression at constant
temperature.

Statement I1: Enthalpy of an ideal gas is a function
of temperature and pressure.

Statement I: The temperature of a
non-ideal gas does not change in adiabatic free
expansion.

expansion of ideal as well non-ideal gas,
qg=w=AU=0.

Statement I: Due to adiabatic expansion, the
temperature of an ideal gas always decreases.

Statement II: For an adiabatic process, AU = w.

Statement I: The magnitude of work done by an
ideal gas in adiabatic reversible expansion from the
same initial pressure and volume to the same final
volume is less than that in isothermal reversible
process.

Statement I1: If an ideal gas is expanded reversibly
from the same initial pressure and volume to
the same final volume, then the final pressure in
adiabatic process is less than that in the isothermal
process.

Statement I: The magnitude of work done by an
ideal gas in reversible adiabatic expansion from
the same initial volume to the same final pressure
and volume is greater than that in reversible
isothermal process.

Statement II: If an ideal gas is expanded
reversibly from the same initial volume to the
same final pressure and volume, then the initial
pressure is greater in adiabatic process than that
in isothermal process.



7. Statement I: The final temperature of an ideal Statement II: Entropy of the system increases with
gas in adiabatic expansion is less in reversible increase in temperature.
expansion than in irreversible expansion against a .
constant external pressure. 12. Statement I: An exothermic process, non-
Statement II: The magnitude of work done by spontaneous at high temperature, may become
an ideal gas in adiabatic expansion is more in spontaneous at IOVY temperature. i
reversible process than that in irreversible process. Stag:ment Il With ((1iecrease In temperature,

8. Statement I: The final temperature of an ideal randomness (entropy) decreases.
gas in ad'iabatic compre.ssion iS' less in reversible 13. Statement I: A reaction which is spontaneous and
compression than in irreversible compression accompanied by decrease of randomness must be
against a constant external pressure. exothermic.

Statement II: The magnitude of work done on Statement II: All exothermic reactions are
an ideal gas in adiabatic CompreSSion 1S more in accompanied by decrease of randomness.
irreversible process than that in reversible process.

9. Statement I: For the same mole of SO, and O 14. Statement I: The endothermic reactions are
gases, more heat is needed for SO, gas thezm 0, gaz favoured at lower temperatures and the exothermic
for the same increase in the temperature of the gas reactions are favoured at higher temperatures.
at constant pressure. S.tatement II: When. a system in equilibri.um .iS
Statement II: SO, gas, being triatomic, has higher disturbed by changing the temperature, it will
heat capacity than the diatomic O, gas tend to adjust itself so as to overcome the effect of

. ) h .
10. Statement I: Decrease in free energy causes change
spontaneous reaction. ) ) ) 15. Statement I: For an irreversible cyclic process in a
S)t(zttil:re;ti il. Spontaneous reactions are invariably closed system, AS,,. = 0.
' Statement II: Entropy is a state function.
11. Statement I: Many endothermic reactions that
are not spontaneous at room temperature become
spontaneous at high temperature.
Section E (Column Match)
1. Match the columns 3. Match the columns
Column I Column I1 Column I Column IT
(Process) (Type of boundary possible) (Ideal gas) (Related equations)
(A) Isochoric (P) Rigid
(B) Isothermal (Q) Non-rigid (A) Reversible isothermal (P) w=nRT In P,
(C) Isobaric (R) Impermeable process B
(D) Adiabatic  (S) Diathermal (B) Reversible adiabatic  (Q) w=nCy,, (T,~ T)
(T) Insulated process
2. Match the columns

Column I Column II

(A) Change in internal
energy

(B) Heat

(P) Independent from the
quantity of system

(Q) Depends on the
quantity of system

(R) State function
(S) Path function

(C) Work done by a gas

(D) Molar heat capacity
at constant volume

(C) Irreversible adiabatic
process

(R) PV=nRT

(D) Irreversible
isothermal process

ext

Vs
S) w= —JP -dV
V)




4. Match the columns (Given process does not 8. Match the columns.
include chemical reaction and phase change).

Column I Column II
Column I Column IT (A) For the process: A(I) = A(s), (P) —ve, +ve
(Relation) (Applicable to) AH and AV may be
(A) AH=AU+ A(PV) (P) Any matter undergoing (B) Ay(s) + By(g) = Cy(s) + Dy(s), (Q) +ve, —ve
any process. AH and AG may be
(B) AH=n"Cp,"AT  (Q) Isochoric process (©) Ax(g) — B(2) + C(2); Eyorwaray  (R) +ve, +ve
involving any =50 kJ/mol, Ea(backward) =40KkJ/
substance. mol AH and AG at very high
C AU R) Ideal d temperature are
© q= ®) przie;gsas’ underany (D) A(g) — B(g) AH and AG at very  (S) —ve, —ve
’ low temperature are
(S) Ideal gas under
isothermal process. 9. Match the columns.
Column I Column IT
5. Match the columns (assume C,, is independent (A) Fusion at melting point (P) AG=0
of temperature). (B) Vaporization at boiling point (Q) AG<0
Column I Column I1 (C) Condensation at triple point (R) AS>0
(A) dU=n"C,,/dT (P) Ideal gas (D) Melting at normal boiling point  (S) AH = AU
(B) dU=n'C,,;dT+  (Q) Van der Waals gas 10. Match Column I (graph) with the physical quantity
, dV in Column II (area shown in the graph represents
na— .
V2 the magnitude of).
(©) dU=nk dv (R) Van der Waals gas in Column I Column IT
5 .
V isothermal process A) S=AT) (P) ¢
(S) Van der Waals gas in
isochoric process
6. Match the process of Column I with entropy or T
enthalpy change in Column II. T T
Column I Column IT B) r T=£S) Q) w
(A) Ny(g) +O4(g) = 2NO(g) (P) AS=0
(B) 2KI(aq) + Hgl,(aq) — K,[Hgl,](aq) (Q) AS<0
(C) PCls(g) — PCl5(g) + Cly(g) (R) AH>0 s
(D) NH;(g) + HCI(g) - NH,CI(s) (S) AH<0 S 52
© p P=£V) (R) (AG)7
7. Match the columns.
Column I Column IT
(A) Reversible isothermal (P) AS =
expansion of an ideal gas ASgyy = v
ST

AStotal =0

. S D A
(B) Reversible adiabatic (Q) AH=AU D) v V=1P) ®) (4G,
expansion of an ideal gas =AS; =0
(C) Adiabatic free expansion R) ASya1>0
() ¢=0 P




Section F (Subjective)

Single-digit Integer Type

1.

As 1 mole of liquid water is heated from 288 to
298 K, it expands slightly against the atmosphere.
Given coefficient of cubic expansion of water
is 0.0002/°C; density of water = 1.0 g cm ™ and
external pressure =1 bar. If the magnitude of work
for this process is X J, then the value of ——— is
6x10

The final volume (in L) of one mole of an ideal gas
initially at 27°C and 8.21 atm pressure, if it absorbs
420 cal of heat during a reversible isothermal
expansion is (In 2 = 0.7)

A Dballoon containing air at 27°C and 1 bar
initially is filled with air further, isothermally
and reversibly till the pressure is 4 bar. If the
initial diameter of the balloon is 1 m and
the pressure at each stage is proportional to
diameter of balloon, the magnitude of work done
(in 107 J) is

A quantity of 8 g oxygen gas is expanded
isothermally at 27°C from 2 dm’® to 8 dm’ at
a constant external pressure of 4 bar. If the
magnitude of work done in this process is used in
lifting a body of mass 40 kg, the height (in metre)
up to which the body can be lifted is (g = 10 ms )

An amount Q of heat is added to a monoatomic
ideal gas in a process in which the gas performs
a work Q/2 on its surrounding. The molar heat
capacity of gas (in cal/K-mol) for the process is

What amount of heat (in J) is to be transferred
to nitrogen in the isobaric heating process for that
gas to perform the work 2.0 J?

Ten moles of a certain ideal gas at a temperature
300 K was cooled isochorically so that the gas
pressure reduced 2.0 times. Then, as a result
of the isobaric process, the gas expanded till its
temperature got back to the initial value. The total
amount of heat absorbed (in Kcal) by the gas in
this process is

Three moles of an ideal gas being initially at a
temperature 273 K was isothermally expanded

10.

11.

12.

13.

14.

15.

5.0 times its initial volume and then isochorically
heated so that the pressure in the final state
became equal to that in the initial state. The total
amount of heat transferred to the gas during the
process equals 80 kJ. The value of C,, for this gas
(in cal/K-mol) is (In 5 = 1.6)

The number of degrees of freedom of molecules in
a gas whose molar heat capacity is 29 J/mol-K in
the process PT = constant is

A quantity of 56 g of nitrogen gas is enclosed in
a rigid vessel at a temperature 300 K. The amount
of heat (in kcal) has to be transferred to the gas
to increase the root mean square velocity of its
molecules 2.0 times is

A gas consisting of rigid diatomic molecules was
expanded in a polytropic process so that the rate
of collisions of the molecules against the vessel’s
wall did not change. The molar heat capacity of
the gas (in cal/K-mol) in this process is

The increase in Gibbs free energy (in kJ) of 13 g of
ethanol (density = 0.78 g cm ™), when the pressure
is increased isothermally from 1 bar to 3001
bar, is

At 298 K, the standard enthalpy of combustion
of sucrose is —5737 kJ mol ' and the standard
Gibb’s energy of the reaction is —6333 kJ mol .
The additional (non-expansion) work (in kJ) that
may be obtained by raising the temperature to
29°C is

The diamonds are formed from graphite under
very high pressure. Calculate the equilibrium
pressure (in 10* bar) at which graphite is converted
into diamond at 25°C. The densities of graphite
and diamond are 2.4 and 3.6 g/cm’, respectively,
and are independent of pressure. AG® for the
conversion of graphite into diamond is 5.0 kJ/
mol.

The standard entropy change (in cal/K-mol) for
the reaction: X =Y, if the value of AH®° = 7.5
kcal/mol and K =¢ ' at 300 K.




Four-digit Integer Type

1.

One mole of a Van der Waals gas expands
reversibly and isothermally at 27°C from 2 L
to 20 L. The magnitude of work done (in J) if
a=1.42x 102 dynes cm*/mole and » = 30 ml/mole.

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

The internal energy change in the conversion
of 1 mole of the calcite form of CaCO; to the
aragonite form is +0.21 kJ. The enthalpy change
(in J) in the conversion at 2.7 bar is (The densities
of the solids calcite and aragonite are 2.7 g cm >
and 3.0 g cm >, respectively.)

A system undergoes a certain change in
state by path I and the corresponding heat
absorbed and work done are 10 kcal and
0 erg, respectively. For the same change in
state by path II, the respective quantities are
11 kcal and 0.5 w,,,, where w,, represents
the work done if the changes were reversibly
carried out. The magnitude of w, in J, is
(1cal=4.21J)

The internal energy of a gasis given by U=1.5 PV.
It expands from 100 to 200 cm® against a constant
pressure of 1.0 x 10° Pa. The heat absorbed (in
KJ) by the gas in the process is

The internal energy of a monoatomic ideal gas is
1.5 nRT. One mole of helium is kept in a cylinder
of cross section 8.5 cm”. The cylinder is closed by
a light frictionless piston. The gas is heated slowly
in a process during which a total of 42 J heat is
given to the gas. If the temperature rises through
2°C, then find the distance moved by the piston (in
cm). Atmospheric pressure = 100 kPa.

Only at extremely high pressure does AH — AU for
condensed state reactions becomes significantly
different than zero. Determine the pressure (in
bar) at which AH — AU is equal to — 1.0 kJ for the
reaction, C(graphite) — C(diamond). For graphite
and diamond, the densities are 2.4 and 3.6 g/ml,
respectively.

The melting point of a certain substance is 70°C,
its normal boiling point is 450°C, its enthalpy of

10.

11.

12.

13.

fusion is 30 cal/g, its enthalpy of vaporization
is 45 cal/g, and its specific heat is 0.215 cal/g-K.
The heat required (in cal) to convert 10 g of the
substance from the solid state at 70°C to vapour at
450°C is

When an electric current of 0.50 A from a 12 V

. 1 .
supply is passed for 805 sec through a resistance

in thermal contact with water maintained at 1
atm and 373 K, it is found that 0.9 g of water is
vaporized. The molar internal energy change (in
kJ/mol) of water is (Take 8.314 x 373 = 3100)

A volume of 100 ml of a liquid contained in an
adiabatic container at a pressure of 1 bar. The
pressure is steeply increased to 100 bar by which
the volume of liquid is decreased by 1 ml. The
change in enthalpy, AH, of the liquid is (Answer
as ‘abed’, wherea=1,1f AHis+ve and a=2,1f AH
is — ve, and ‘bed’ is the magnitude of AH, in J)

Pressure over 1000 ml of a liquid is gradually
increased from 1 bar to 1001 bar under adiabatic
conditions. If the final volume of the liquid is
990 ml and there is linear variation of volume
with pressure, the value of AU of the process is
(Answer as ‘abced’, where a = 1, if AU is +ve and
a=2,if AU is - ve, and ‘bed’ is the magnitude of
AU, inJ)

One mole of an ideal gas (y = 1.4) is expanded
isothermally at 27°C till its volume is doubled. It is
then adiabatically compressed to its original
volume. The magnitude of total work done (in J)
by the gasis (In2=10.7,2"4= 4 R = 8.3 J/K-mol)

3

Consider a classroom that is roughly 8.21 m x
10 m x 3 m. Initially, 7=290 K and P=1 atm. There
are 50 people in the class, each losing energy to the
room at the average rate of 166 W. Assume that
the walls, ceiling, floor, and furniture are perfectly
insulated and do not absorb any heat. Also assume
that all the doors and windows are tightly closed
to prevent any exchange of air from surrounding.
How long (in sec) will the physical chemistry
examination last if the professor (Mr. Neeraj
Kumar) has foolishly agreed to dismiss the class
when the air temperature in the room reaches
body temperature, 310 K? For air, Cp,, = 7R/2
(R=0.0821 L-atm/K-mol = 8.3 J/K-mol).



14.

15.

16.

17.

18.

19.

Three moles of an ideal gas (Cp,, = 2.5R) and
2 moles of another ideal gas (Cp,, = 3.5R) are
taken in a vessel and compressed reversibly and
adiabatically. In this process, the temperature of
gaseous mixture increased from 300 K to 400 K.
The increase in internal energy of gaseous mixture
(in cal) is

One mole of an ideal monoatomic gas initially at
1200 K and 64 atm is expanded to a final state at
300 K and 1 atm. To achieve the above change,
a reversible path is constructed that involve an
adiabatic expansion in the beginning followed by
an isothermal expansion to the final state. The
magnitude of net work done by the gas (in cal) is
(In2=0.7)

Calculate AS,,;, (in J/K) for the chemical reaction:
C(Graphite) + 2H,(g) — CH4(g); AH 3y, = —75.0
kJ. The standard entropies of C (Graphite), H,(g)
and CHy(g) are 6.0, 130.6 and 186.2 J/K-mol,
respectively.

An athlete in the weight room lifts a 50 kg mass
through a vertical distance of 2.0 m. The mass is
allowed to fall through the 2.0 m distance while
coupled to an electrical generator. The electrical
generator produces an equal amount of electrical
work, which is used to produce aluminium by
Hall electrolytic process.

AlL,O4(Solution) + 3C(Graphite) — 2 Al(l) +
3CO(g); AG° =600 kJ

How many times must the athlete lift the 50 kg
mass to provide sufficient Gibbs energy to produce
27 g AI? (g = 10 m/s?)

How much energy (in kJ) is available for sustaining
muscular and nervous activity from the combustion
of 1.0 mole of glucose molecules under standard
conditions at 37°C (body temperature)? The
standard entropy and enthalpy of reaction are
+200 J/K-mol and —2808 kJ/mol, respectively.

Select the conditions which represent the criteria
for spontaneity of a process in a closed system,
from the following given conditions.

Serial Number Conditions
(dG)p 7> 0
(AS)yniverse > 0
(dU)sy>0
(dH)sp<0
(dS)y,y <0
(dS)p>0

(Answer by adding the serial numbers of the
correct conditions.)

AN ol e

20. Consider the following phase transitions.

(i) HLO (s, 1 atm, 273 K) — H,0
(1, 1 atm, 273 K)
(i) HLO (s, 1 atm, 300 K) — H,0
(1, 1 atm, 300 K)
(i) HLO (s, 1 atm, 200 K) — H,0
(/, 1 atm, 200 K)
(iv) H,O (s, 0.5 atm, 273 K) — H,O
(1,0.5 atm, 273 K)
v) H,O (s, 2 atm, 273 K) — H,O
(1, 2 atm, 273 K)
(vi) CgHe (I, 1 atm, 353 K) — CiH,
(g, 1 atm, 353 K)
(vi) CgHy (/, 1 atm, 400 K) — CiHg
(g, 1 atm, 400 K)
(viii) CgHy (4, 1 atm, 300 K) — CgHg
(g, 1 atm, 300 K)
(ix) CgHg (I, 2 atm, 323 K) — CgHq
(g, 2 atm, 323 K)
The normal freezing point of water is 273 K and
the normal boiling point of benzene is 353 K.
Now, a four-digit number ‘abcd’ is defined as
follows.
Digit ‘a’> Number of phase transitions for which
AStotall=0'
Digit ‘b’: Number of phase transitions for which
AS > 0.
Digit ‘¢’ Number of phase transitions for which
AS, a1 < 0.
Digit ‘d’: Number of phase transitions for which
AH > 0.

Determine the number ‘abced’.
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HINTS AND EXPLANATIONS

EXERCISE I (JEE MAIN)

Basics

1. Theory based 10. Hess’s law of constant heat summation.

2. Work cannot be defined at a particular state of 11. During cyclic process, the internal energy of

system. system may change but AU,,, =0.

3. For isothermal process, the container must be a 12. T

good conductor of heat. m
4. Internal energy of ideal gas depends on the ~  |---4f-----1-----
temperature as well as quantity of gas. @ @
4
5. Greater the external pressure, greater will be the .
magnitude of work done by the gas. For the process, AT =0 but during the process,
temperature is changing and hence, the process is

6. Internal energy is a state function. not isothermal.

AU,,, =AU 3 +AUp, =Uz -U, )+ (U, -Ug)=0. 13. PV” = Constant or PV* = Constant, are valid

only when the gas is ideal, the process is reversible

7. Theory based and C, ,, is temperature independent.

8. A closed system should exchar}ge energy'with the For a cyclic process, w,,, may or may not be zero.

surrounding. If heat exchange is not possible, then
energy must be exchanged as work. 14. A true reversible process takes infinite time.

9. Theory based 15. Theory based

First Law of Thermodynamics

16. AU =g+w=(+20)+(-10)=+10J. 2. AU=nC,, AT =0 (as AT=0)

17. AU =g+w=(+300)+(-200) =100 cal. P 100

22. w=-nRTIn-1t=-5x2x300xIn—
(Work is done by the system) P, 1
=—13800 cal.

18. W=—lx%:—l.5bar-m3zw , g
_ 23, w=-nRTIn—2= 4200 = —~—x2x300x In—
=—150 kJ 4 40 4

and ¢ =+100 kJ . w=200 g.
s AU =qg+w=-50kJ 24. For minimum work in compression, the process

19.

20.

As the system rejects heat, the temperature will
decrease.

As the system is doing work but its internal energy
is not changing, the system must absorb heat.

w:—nRT-lnﬁ:—Ex8.3><300><ln

must be reversible.
1.01325x10°
P, 32 1.01325x10%

=+5727]



25.

26.

AH=n-Cp,,-AT=0

€]
W:—jP dv=

ext
4

nRT

Vo

vy 2
:_J‘ _an gy
. V—nb V2

= —|:nRT-1n

Vz—nb 2 1 1
+an”| ———
Vi —nb v, W

27. For both paths, AU =0, asAT =0.

28.

29.

30.

31.

32.

D path-1 _ “Wpath-1 _ 1

(as AT =0)

V2
—J. P-dv (For reversible process)

4 path-11 - “Wpath—11 - (P-AV) +(P-AV),

IOxlxln(

10
1) 10x2.303

T 52-1)+110-2) 13

AH=0=AU=0=¢g=-w

and w=—P,,(V,~V;)=—1bar (10 L-5 L)
= -5 Lbar = —500 J

For adiabatic process:

¢g=0=w=AU=n-C,, -AT

y-1
T V
TI.VIY" :]"2.1/27—1 =>_2:(_1] :(l

L \n 8

g=0=AU=w=nC,, (1, -T)
==k, -(V=-1)

)5/3—1

or IX%RX(TZ—T)Z—I atmx(2L-1L)

‘. T2=

2

T—— =
3x0.0821

W:AU:_Pext(V2 _Vl):n'cv,m(T2 _Tl)

RT, nRT,
or—Pz(n 2—u)=nx§R(T2—Tl)

15}

or —(Tz—Tl'

P

2
A

1

5
J_E(TZ_TI)

34.

3s.

36.
37.

38.

39.

40.

or —(T2 —350x%):§(7"2 ~350) = T, = 450 K.

Now, w=AU=n-C

r-1
Vi
LV =Ty =T =T (71]

o AH=n-Cp,, (T, - Ty) :1><%R><(200—800)

(I, -T,)

v,m

:2><§R><(450—350):500R

2

1Y
=800><(—) =200 K
32

=-2100 R

Adiabatic free expansion of an ideal gas is also
isothermal.

w=-P-AV =-nR-AT =-1xRx1=-R

qg=-124 J and

w=—P-AV = -2 bar (125-325) ml

+400 bar-ml

ﬂxlOOz 40J.
1000

AU =q+w=(-124)+40=-84].

)
qp =n-J.CP,m- dT =2x

AU n.C,, . AT 3

W

C

v,m

T)=400K

T 7,=300K
0.01

[ (28314 001

-dT

2[28.314(T2 —T1)+T(T22 —le)} =6362.8 ]

nRAT 2

:3><%R+2><%R+(3><4—5)><R:

9,
2



41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

For isothermal changes, C,, = —9__ — Infinite.
N-At

Monoatomic gases have only translational degree
of freedom.

(m+n)-R
n - Cv,m,l + ny - Cv,m,Z
(I+1)xR

ymix =1+

=1+

1><i+1><L

-w_ nR-AT R L
qp n'Cp,m AT J/R Y
y-1
R R
C,=—+—=0=>y-1=-(1-n)=n=y.
y—-1 1-n
¢ =AU -w and from the question, g =|w|=w

or 2g=AU

C
or 2'n’Cm 'ATzn'Cv,m'AT=>Cﬂ7 :%

R

2 1.5-1
C m= qu = 0 =— cal
P n-AT 2x10 2
g Cvmzz—Zzgcal
’ 2 2

Now, ¢, =n-C, ,-AT

=2><%><10=30 cal

3
PV
PaT’ = Pa(—R) = PV3? = Constant
n

=7=%
AU=q+w=100+(—%)=50 cal=n-c,, AT

and ¢=100cal=n-c,, -AT

51.

52.

53.

54.

n-C, AT
.-.&:chm:ZCV’HZZXER:SR
100 n-C, -AT ’ 2
PV'l=K=x=-1
3R
-C, AT C Y
Now, 20 e 20 _ 5 Som_ 5y 2
w (RAT) R R
x-1
=-3.

P =latm, ¥, =VL, T, =300 K

5 RY _, (1) _¥
P =2J2 atm, V, =V,-| —| =V|—| =—4
’ ’ 1(%] {2%J 2
;TZZPsz'Tl
an
or Tzz—zﬁxix300=600K
2
Now, 1w = —nR(T, =T) _ _1xRx(600-300
1-x 1-3
=+150R.

2 2
L
LR =T > T, =T | 1 | =400 &
v, 8
=100 K

Now, AH =n-C

pm-ag—n)zzngXUOO—mm)

=-1500R

W4B =—nRT-lnﬁ =—2><R><300><lnl
P 2
2
=+600R-In2

wpe =—nR(T, —1;) = -2 x Rx(400-300)
=-200R

Wep = —nRTlnﬁz —2><R><400><ln%
P, 1
=—-800R-1n2
wpy = —nR(T, —T;) = -2 x Rx (300 - 400)
=+200R

" Wy =Wap T Wee +Wep +Wpy =—200R-1In2

=—-100R-In4

net



2Py |- -,
I
| : zm
I
Pyb---1

Ww =—(1>1Vl +%><P1 X6V, ):—4111/1

=—4nRT, =—-4x1x2x300 cal
=-2400 cal
56. AH=AU+A(PV)=AU+(RV,—-BV))
=30.0 L-atm + (4x5-2%3) L-atm
=44.0 L-atm
57. As the intermolecular distance increases against

intermolecular attraction, the potential energy
increases.

58. g=n-L, =3x10=30kcal

59.

60.

w==PWVyp —Vig)=—P-V,,, =—nRT
=-3x% 2 %500
1000
= -3 kcal

s AU =qg+w =27 kcal

q =540 cal
w==P(V,,, ~V,)=—1atm(1671-1) cm’
1670y tm=—1.670x101.3
1000
__L670x1013 o
4.184

s AU =g+w =500 cal
AH-AU=P-AV = P(Vdiamond - graphite)
= 500103 x10° (12 _ 12 ) 063
mz\ 3.0 2.0
=-100 kJ

Second and Third Law of Thermodynamics, Entropy
72.

61. Reversible heat engine is always more efficient
than irreversible heat engine.

62. Entropy increases with increase in mole of gases
as well as volume of gas (decrease in pressure).

63. Entropy increases with increase in mole of gases.

64. In all spontaneous process, entropy of universe
increases but for system at equilibrium, entropy of
universe becomes constant.

65. Entropy decreases on decreasing temperature.
66. Entropy: Solid < Liquid << Gas

67. Entropy: Solid < Liquid << Gas

68. Efficiency is never 100%.

69. Entropy of gas is greater and it increases with the
increase in volume (decrease in pressure).

70. Entropy: Solid < Liquid << Gas

71. As AH =+ve but the process is spontaneous, it is
possible only when AS' is also +ve.

73.

74.

75.

76.

77.

78.

Entropy measures unavailable energy, i.e., energy
which can’t be converted into useful work.

T, V.
AS=n-C,, -In-2+nR-In-%
ST 4

=1xC, , ><1n2+1><R><1n%: (C,,,—R)-In2
AH 4085 3 6x1000
AS=—2 — =219 J/K
B.P. 373
AH .
AS = 2 _ 2930 g 20y mol
M.P. 300
AS = nR-lnﬁ = ﬁ><8.3><1nL =23.24 J/K
P, 32 0.25

AS:n»Cvm»1n£=2xRxln@=2R'ln3
’ T 300

1

AS:annﬁzlxRxln§=R~ln10
4 2

(Adiabatic free expansion is also isothermal)



79. S,-8 =nC,, mlz o S, =2.5+4x2x0.7=8.1 cal/K.mol

1
80. A,S=(2%Sy1c)~(Spu, +Sma,)

or S,-2.5= lx4R-ln% =4R-In2 =(2x186.7)—(130.6+223.0)
=+19.8 J/K.mol

Gibbs Free Energy Function

o o P2
81. Melting of ice at —15°C and | atm is a non- 86. AG =-RT-InK, =—RT-1n2N¢

spontaneous process and hence, AG = +ve. PNo - Fa,
(0.01)°
82. AGr,p=0 =-8.314x298xIn——————
(0.00001)" x0.01
83. AS=S,.r —Sice =58.0-38.0 =20 J/K.mol = +45.65kJ
Now, AH =T-AS =273x20 = 5460 J/mol. 87. For equilibrium condition, AG =0

84. Amount is less than saturation and hence, NaCl 88. AG=AH-T-AS=(-2500)-298x(+7.4)=—ve
will dissolve spontaneously. — Spontaneous

85. A,G=[(—480)+(-544)]-[(-293)] = -731 kJ 89. AH =+ve, AS =—ve, then AG = +ve always

90. AG°=RT-InK, =0=K, =1

EXERCISE Il (JEE ADVANCE)

Section A (Only one Correct)

1. U=n><§R><T 5. Let T, > T,. Now, heat lost by gas (1) = Heat

gained by gas (2)
For larger U, n, f, T, should be higher. or, - - (Ty~T)=ny- - (T; — Ty)
b
R

123 (i a PII/I _ V2
2. w:—le P-dv:—le (;+b)dv or,R—Tl~(Tl—Tf)— T (T, ~T)

V.
a2, V) LT,(BV, + PV3)
PWT, + RV,T,

3. g=m.s.AT . o
= 10 % 10° = 80 x (4.2 X 10%) X AT R C A
= AT=29.76 K _p (nRT_nRT)
=29.76° C 2\, B
. . P, B -1
4. Heat lost by water = Heat gained by ice =-—nRT|1-—= |=-nRT|1-
75.6 6000 A R
or, 500X ——x20 = (N x9)x ——
18 18 1
=-nRT X —

S N=14 A



10.

11.

12.

Now, wiy=wy +wy+ ...

= (—nRTxl)+(—nRT>< L)
P P-1

+---+(—nRT><l)
2

i=P-1
= nRT z (P+1—l)

+ IVf

= pav=-[" K gy K L L
! Vl VO 2V2 2 2V0 VO
_ Kl
4,
_ 2R B ospy
4, 2 00

21, K, 2V,
wz_—j P-dV= —j ’ ldV_ ~K,In VO

0

AsAT=0,AU=0
Area =P, x AV = P, x4=49.26 L-atom
V.
Now, correct work, w= —nRT - ln72 =-hBV, ~lng
1

=-49.26 x 0.693 =—34.137 L-atom

PV = Constant

= RIf* = BV
P (VY 3
SLo| 2| 38=4"=x==
r (n 2
Now, ¢, =+ R _3R R __R
" x 2 2

3
2

Dulong and Petit’s law is applicable only for solid

element. (Molar heat capacity = 6.4 cal/K-mol
=26.8 J/K-mol).

RV =PVy

A_b
df df

P (4 ! 715
= —==|—| =(32)"" =128
=[] -

13.

14.

15.

16.

17.

18.

20.

Urms"z:l_ Qﬁl
Urms’l 2 7—i 4
Now, 7. V"~ ! = Constant
L (% -y v 7/5-1
=5 === =-=|—
°. V2 = 32 Vl

|WA|:2X|WB| ButAUA:AUga Hence q4 >qB
or, (Cy-AT)>(Cy-AT) = C > Cy

g=n-C,-AT=1x(0.22x32)x (273 x 1.1 - 273)
x4.2]

qy I’Z'CV7m -AT

1
qp n'CP,m AT V4

1

=W T3
(%)

743
5x2

x793=6601J

(Cppp=rz=T43 =

Cy,, =74.3-8.3=66.0)
V

Isothermal: PV = Px—= P, =n-P
n

4
Adiabatic: PV"= P, X(K) =P =n"-P
n

5 ﬁ: n-P :nl,y
P, n'.P
R P2V PV
_n-C -T))=n- . _
AU="Crn (L =1) y—l( nR nR)
PV
y—-1
(n><40) 5
KE =AU> x (100
2 1000 x(100)
8.314
=nx X
(I.5-1)
L AT=12.03 K

For minimum pressure, compression should be
irreversible.

AU=w:>n-i-(T2
y-1

nRT, nRT
= —})2 —
AR

~T)=~Fu(=1)




21.

22,

23.

24.

25.

26.

27.

28.
or, hL-oh _ _(T2 -7 &J
-1 1
700 — 400
—=—(700—400X£)
14-1 100
- P,=362.5kPa

q=n-Cy,,-AT)y, +(n-Cy, 'AT)SO3

or, 12x10° =2 x 3 x (T~ 300) + 3 x 6 x (T, 400)
= T;=875K

nRT 5x0.08x875

Now, Py = =35atm
V 10 2.
Free expansion is isothermal.

1 1
CV,m:3><5R+3><5R+(3N—6)><R:(3N—3)R
'.y:C—P:1+ R =1+ !

CV CV,m 3N_3
P-dv P RT
Cm = CV,m t— = CV,m +E = CV,m +m
R(T, +aV)
=Cy, +——
Vo Vo
RT;
=Con g

T V. 30.
Now, ¢ = ij C,-dT = ij C, (a-dV)

V: RT,

2.[ Z(CPm'OH_O)dV
4 ’ V 31
V. .
=a-Cp,,(V,-V})+RT, - In-=
"
w=-25J=-nR-AT
AU=n~CV’m-AT=n'(gR)-AT=75J
S gq=AU-w=100]
Cm:CVm-{_i::;_R LZS_R
Tol-x 2 .5 6
2
. q:n-Cm-ATzlx%x26:180~14J
PVX:K=>d—P:—x-£=>—1:—x><i:.¢x:l
dv vV 2 2
. =C,, R 3R R 35
Mo l-x 2 1

1——
2

v
P
Isobaric
' Isothermal
i Adiabatic
Vs 4

AE adiabatic — Negative
AE, 0

isothermal —

AE. = Positive

isobaric

Boyle temperature, 7, =20 + 273 =293 K

Inversion temperature, 7;,=2Xx T =586 K=313°C
>50°C

Vo Vo

Mono Di
Initial

|41 % Vo

Mono Di

Monoatomic : P - V5" = P, -1

3 V5
Diatomic: B -V, = P, -(ZVO)

21

. ﬂ_(z)zs
v, \4



32.

33.

34.

3s.

P2V = Constant

> Isothermal reversible
PN » Adiabatic irreversible
. Adiabatic reversible
V
Vo 2V

For greater heat exchange, heat capacity should be
high.

R
C,=Cy,, + T for PV* = Constant
-X

.45c= 600 + 200 = 800 J

2

N
wyp=0and wge =—(8><104><—J
m

(5%x107 =2x107)m?
=-2401J
S AU =AU, pc=qapc T Wanc
— 800 + (_240) = 560 J

3P,

Py
>

AB:P =3V +C
P, =3, +C, (1)
and 3P, =3V, +C, )

1
BC:P=——V+C

\/g 2

1

Py=——6V,+C 3
0 \/g 0 2 ()
3P0=—L-VB+C2 “4)

N

36.

37.

38.

39.

From equation (1), (2), (3) and (4), V' = %Vo

9
3P, -V,
Now. Iy :—0 4" :—27
T, A 4

Pi=P

Pr=P

dw=F-dx=(Py— P)A-dx=(P,— P)-dV
R nRT
.w—jV (PO— 7 )dV

=P0(nV—V)—RT-ln¥

P,V (n-1) = RT.Inn = RT [n-1-In ]

o Ty
(Po,Vo)=@1.n-V) || (Po, Vo)~ (P2, V)

Work performed on the piston

- —[j”'VPI v+ PZ-dV] and (V+ 1. V)=2V,
v v

2
:POVO.IHM
Isothermal : P, - V=P -(2V)= P,=2P
Adiabatic: Py- V'3 =P.- 2V = P,=2J2 P
Isobaric : P-=P

WP, Py Pe=2:2J2 :1

A Ty
(Po, V0, To) (Po, Vo, To)
P 27P0 pee 2P
8 8
| |
27P,

Chamber B: F)-V{ = < vy



4V,
- VB:—O:TB:ETO =2><8.314><400(L_L)=—332.56J
9 2 22-2 12-2
4av, 14V,
and VA=2VO—TO:TO:TA:%T0 45. AU =n-Cy, (T, -T))
AH =AU, + V- AP = 1 x Cy,, x (T, — T}) +
Now, ¢, =AU, +AUg =n-Cy - (T, =Tj) VI(PZ—PI)
RV, 21 3 AH2=AU2+A(PV)=7P3(V27 V) +
“r1, % [(N T°)+(5T°‘T0ﬂ (PsV2—= PV
19 S AH o =AH, + AHy = C(T) = T)) + Vi(P3— Py)
=k
2 T,
46. n=1--%
40. Py l T,
Ist ste 1 1 T, —65
| mg P 1ot gnaloiile=® L p Z300k
l l l N 6 Ty 3 H
h . . =117°
Final position H7=e
x=7 Gej| T, 390
T T T I 47. le] _ T |qrej|— 9 %120 =78 cal
l I’Il_g Gabs TH
A T, —AT T,
PlT 48, [I-——|>|1-—5—
T, Ty, +AT
After Ist step, the process is irreversible adiabatic. . »
Hence, AU=w 9. T, Vi =T.V¢
n'CV,m (’T2 _Ti) = _Pext(VZ _Vl) - T_C _ (&)yl :( 1 )1‘4_1 _ L
. T, V. . 1.5
or, nER(—Pl Vs PVl) B[V, —(V+ A-H)) NG 275
2 nR nR T, 1
Vo=V, +04HA=x=04H U Y
(The final pressure of gas after 2nd step will
remain same as initial, beginning of processes.) 0. p
41. Smaller the heat capacity larger is AT
T

42. AH=n-Cp,, (T —T;) = 1x40x(500 - 300)

=8000J @ @ I
~ AU=AH — P - AV = 8000 — 2(40 — 30) x 100 TK ®
= 6000 J
]
4

43. ¢=0=AU=w=-P_, - (V,- V) =-4x(30-40)

=40 [-bar v

Now, AH = AU + A(PV) =40 + (4 x 30 — 2 x 40)
=80 L-atom = 8000 J

44. AU=0 and T, -V =1, V)
AH=AU+APV)=0+B(P,— P
RT(V)RT "ty L L_TL_L-T_T-T,
= B- - CnoT T T,
V,-B V,-B

-1 -1
L =TV




51.

52.

53.

54.

55.

56.

57.

ASunit = ASSourc«: + ASHCat engine + ASSink

40x10° 30x10°
- +0+

= =+20J/K
500
T
AS=n-Cp, In-=
’ I
:£x14xln&:—0.l4cal/K
32 1000
AS:nR~1n&
14
3
=2x8.314xln@=34.58 J/IK
a
ASzn-CPm-lnE
’ I,
:lxs—Rxln@:TO cal/K
2 250
AS=n~CVm-1n£
’ T
3R 500
S —462=1x—xIn—
500 K n250

= S500 x =48.3 Ceal/K-mol

AS:nR-lnE
"
5 -3
_ 10° x(15%x10 )><l
300

v
= -5.0 nézﬂ/z =54L

1.5x10°

ASg,, = - = 5J/K

NOW, AS, i = ASsy + ASgy = 5.51 + (-5)

=+0.51J/K
Hence, the process is irreversible.

unit

58.

59.

60.

61.

62.

63.

64.

T B
AS=n-Cp, - In-2+nR-In—L
’ 1, P,

or, 0= ;1><§R><ln@+nR><lni
2 300 )
= P, =32 bar
T,
AS= ASadiabatic + ASisobalric =0+n- CP,m lnF
1
= E><5—R><1nl =-2.2cal/K
4 2 3

T;
AS=n~CVm-ln—2+nR»lnﬁ
’ T 1

P V.
=n-C,,,m-1n?2+n-CP,m-ln72
1 1

1 1.5R
XIn—+2x—
1.5-1 4 1.5-1

=-11.64 J/K

=2x xIn2

T V.
S,~S,=n-Cy, - In=2+nR-In—=
’ h 1

:1.2x%xln%+l.2xRxln2

=-0.84 cal/K

T.
ASzn-CVm~ln—2+nR-ln&
’ T 1

1/n-1
T
xR 2y 1 RxIn[ 2L

y-1 T T,
(as T V"' = Constant)

__(m=pR
(n=D(y -1
P
AS=n‘CVm-ln—2+n-Cpm-ln§
’ A " 1

:2><37Rx1n2+2x?><1n2

=+ 11.2 callK

n-Cy, -dl+P-dV
dSZ V.m -

. ds
For maximum entropy, — =0
dv




65.

66.

67.

68.

69.

70.

dTr
or, n-Cy,, —+P=0 1
vn (M)
Now,P:E:PO—aV:d—T:l(PO—2aV)
V dV R
2
From (1) and (2),
R 1
IX——X—=(F -20V)+(F—alV)=0
y-1 R
:—’)/.PO
a(y+1)
dS=C,,m'd—T+P~d—V=a-dT+CVm-l~dT
T T T

or ) Kedv=a [l dr = Rin=aT-T;)
WV Ty 14

T=T,+ £~ln1

a ¥,
3
j ds = j . _j LI L
T 3
AS = AS, +AS, = 00 OO0 _ g ik
600 400
Heat lost by alloy = Heat gained by water

or4x4x(800-T)=4x1.0x(T-300)
T=700K
(As date is not given for vaporization of water)

NOW, ASmix = ASalloy + ASwater
—4><4><1nm +4x1xIn 700
800 300
=1.0 K cal/K
T+ T
Final temperature of both blocks = It
L AS=AS| +AS, =
C-ln—(Tl +T2)/2+C-ln—(Tl +1)/2
1 2
2
—cmTith)

4NT,

— _R[0.8x1n 0.8+ 0.2 x1n 0.2]
=+ 0.96 Cal/K.

71. Larger molar mass, greater is the molar entropy.
72. Greater the number of atoms, greater is the molar
entropy.
73. nC(s) + (n+ 1) Hy (g) > C, Hy, 45 (9)
with increase in n, the decrease in entropy increases.
74. H,0 (I, 1 atm, 100°C) —2— H,O (g, 1 atm,
100°C) —2— H,0 (g, 5 atm, 100°C)
AG, =OandAG2=nRT1n% =5><2><373><1n§
1
=37301n 5 Cal
A
75. ¢=AU-w=0-|-nRT-In—-L | = yRT- inf
P, b
=-AG
o AG=—q=-(-1200) = +1200 cal
76. AG°=-RT-In K,
= 1743 =-8.3x300 X In K,
K=2
Now, (a) K, = 3
’ ‘4 3x6
2
(b) K, 6 %3
3
6x3
(C) Keq = 3_2
32
d) K, =—
(@ Keg 3x6
77.
H,0(/,-10°C,0.28 Pa)—— H,O(s5,-10°C,0.26 Pa)

H,0(g,-10°C,0.28Pa)—22

78.

LAG, = TAG, =0

—2>H,0(g,-10°C,0.26 Pa)

AGz—nRTln— =1xRx263xIn 026
A 0.28

. AG=AG, + AG, + AG;=263 R1In i—i

Free expansion is isothermal

P.
AG:nRTln?z =nRT1nE
1 1

1.2

=10°x(1.2x 107 )><ln—4 =-84]J



79. AG,\°=-RT-In K, and AG,°=-RT-In K, 80. At 0.04 atom, the system is in equilibrium.
=— RT[In ¢*]
=-2x300 x 4 =-2400 cal
Section B (One or More than One Correct)
3
1. Theory based w=AU=nCy,, (T, -T))= 4XER % (290 -320)
2. Theory based =-360 cal
3. For isolated system, tl}ere should r}ot be any mass AH=v-AU= 5 % (=360) = —600 cal
and energy transfer with surroundings. 3
4. P 11. Theory based
P P P
P 12. Process BC: -2 =-C —B:L:PBzzbar
Ty T, 500 250
and AUgc =n-Cy, (Te = Tp)
0.5P - Isothermal =2x1.5Rx(250-500)
=-750 R
V Process CD : AU =w
2V
T =n-Cy,, (Tp —1¢)
==Fu(Vp=Vc)
or, nX1.5Rx(T, =T,)
(nRT »  nRT. J
=-P, -——c
Py Fe
=T,=450K
and AH¢p = "'Cle (Tp —T¢)
P =2x2.5 Rx(450-250)
0.5P P =1000 R
5. The ir}ternal energy of real gas may .change' on 13. py7 =K,
changing the volume of gas. Change in physical -
state also changes the physical state. =P=KV
6. Theory based = ar _ K,-(=y) 7!
dv
7. Theory based P
= _fy —_
8. Option (¢) should be changed with (c) adiabatic . V ' . . )
free expansion of any gas is also isothermal. The gas having higher y will have higher magnitude
of slope of P vs. V curve.
9. Wrey = Wipr = (~P-dV)- (_Pext -dV)
R nRT
= (P, — P) - dV = negative, always and Now, ”'},_ dl'==P-dV = - -dV
Grev — i = POSItive, always wo1v
10. ¢=0 Lar T y-1T



Gas having higher y will have lower magnitude of 19. g=0=AU=w=-Py4V,— V) =-3PyV,
slope of V'vs. T curve. Now, AH =AU + A(PV) = (-3P,V,) +
Now, n-Cy,,,-dT = ~P-dV =~[nRdT ~V -dP] (Py-4Vy—2Py- V)
. =—Py-
or 1-Cp -dT =V -dp =" IR qp ~1RT p
’ ’ y-1 P 20. Theory based
. dar __7Y P 21. Theory based
T dT -1T
v 2.,
Gas having higher y will have lower magnitude of
slope of P vs. T curve.
14. ¢=0
15. dT=0
16. P
V
23. In reversible cycle, heat rejected is minimum. For
reversible cycle,
T 400
|4vei| :Exqabs =5gp 100=380J
' qrev
Vv 24, dS=—""and $dS=0
4 2V r gS
Here, ydecreases on increasing degree of freedoms. 25. In rusting, moles of gas decreases.
As final pressure is minimum for Ne, its final 26. Theory based.
temperature is minimum (decrease in temperature 27, AU=0=g=-w
1S maximum). 8. F tob . lowt .
Now, for overall process, AT = 0 = AU, =0 - Foraprocess to be spontaneous at low temperature
ota and non-spontaneous at high temperature,
o, AU+ AUy =0= (0+wp) + (g +0)=0 AH = negative and AS = negative.
. ¢ =-w;=maximum for CH, 3
29 g _35x10° ~100 J
17. Theory based + (ASvap)sso k. taum = 350 K mol
18. Cp,—Cy,, =R On increasing pressure at constant temperature
’ ' entropy decreases.
R
= Sp-S, =—=0.04545 (AGyqp )350 k. 1atm =0
- M = 44 gm/mol On inc.reasing pressure at constant temperature
energy increases.
30. Theory based.
Section C (Comprehensions)
Comprehension |
5
1. AU=n~CVlm~(T2—T1)=4><ER><(—50—O) 2. AH=y -AU= %x(—1000)=—14000a1
=—1000 cal 3. w=0(V=_Constant)




Comprehension Il

4. g=-AU=n-C,, AT =-n-Cy, -AT x=77+1
=C,=-C,, Now, T+ V! = Constant = T- V"2 = Constant
R y-112 )2
5. C}1z:CV,n1+1_ 6. £= ﬂ :>£=(l)(3 ) :>T2 =150 K
- ., \V, 300 \8
G =G R R R
I-x y-1 1-x _ _nR(T-T}) _ 1x2(150-300)
I=x 1—(5+1)/2
3
=-900 cal
Comprehension 111
7. w=-nR-AT=-1x8314x72=-598.61 8. AU=¢g+w=1.6+(-0.6)=1.0kJ
=-0.6kJ 9, y:ﬂzﬁzl‘6
A 1.
Comprehension IV R
10. V,=4V,=P,=4P, Now, AU=n~CV,m~AT=n><ﬁ><(16.TO—TO)
As D _ BV ISRV, _ 15007
h T y—1 y—1
:>P0V0 4F, -4F,
Lo¥o _ 2o %o )
T, T, 1. W:nR(sz—Tl):nfdelTo :15025V0
= T, =167, - -=D
2. ¢ =c,,+ X R, R __(+DR
"oy y=1 1-(=1) 2(y-1)
Comprehension V
o 1
13. P=a-7ﬂ=a-(ﬂ) 15, ——+(-a)<0
nR y—1
o Y
= P.V ol =Constant N a>ﬁ
. W:nR-ATzlxR-AT:R(a_D_AT
x—1 o .1
a-1
R R R

14. Cm=CV,m+1_x=y_1+ o

1—
=|:L+(1—oc):| . R
y—1

o—1




Comprehension VI
16. U=a-V*=n-Cy,, T

= T-V~% = Constant
As T -V~ = Constant

=x-1l=-a

n-R-AT _(y-1)-AU
-

Now, w=
x—1

17. g=AU-w=AU+
o

R R R R
+_

18. C, = + =
y-1 1-x 7y-1 «

m

(r=D-AU =AU[1+”_1

Comprehension VII
19. PV} =PV]

715
= P, =1x ﬁ =128 atm
2 10

o _Bh
L I

20.

1x320 128x10
= =
300 T

= T, =1200K

s x8.314

w=n-Cy,, AT = X
’ 0.082x300 \2

x (1200 —300)

21. 1x0.32 (

=243.3]

)

Comprehension VIII

1x22.4
22. BV =RV} =P =1x(8)" =32at 24. AH, =n-Cp, AT=—""—""—"—
171 2V 2 ) atm 4=1Cpy 0.082%27 3
23. For 4: P, =1 atm, P,=32atm 5
; s X Ex2 x (1638 —-27.3)
= = + — = —
V,=VL, V,=V 8V 8VL — 30535 cal
T,=273K; T,="?
Now, m = —P2V2
L 7
= T,=1638K
Comprehension IX
25. AU=0
AH=AU+ V-AP=09L X (1—%)atm =027 27 AH 3 =AH ,+q) 5
Lratm =271 2040 17+900
26. AU_,=0 =210y,
Xx——x20kJ
AU,_,; =AU for temperature increase + AU for 1000
vaporization of water. =1075.573 kJ
=m.s.- AT+ (g +w)
28. w,_,=0
=(900x%x20)+(%x40) .
450 8
=———Xx——x373=-74.6kJ
+(_@x_8 ><373) 23 = T8 000
18 1000

=1001 kJ




Comprehension X
29. T >Ty<Te<Tp=T,

. T
From question : T_A =4 and 7,=800 K

For process BC: Ty -V} =T, -V

r—1
”
=T, =T, (—3)

B V,
— T,=200K 5
V2 )
Also, V> V> V=V, =200 X(T) =400 K
V v, T
F ion: —4 =82 A -"4_y4
rom equation Ve 82 and Vg Ty 30. AUpc=Cy,, (T -Tp)=1x %R % (400 -200)
=2.4942kJ
Section D (Assertion — Reason)
1. ¢=0because AU=0and w=0 7. Magnitude of work in adiabatic process depends
. . on change in temperature.
2. Enthalpy of ideal gas is independent from pressure.
3. For non-ideal gas, U= AT, V) 8. Magnitude' of work in adiabatic process depends
on change in temperature.
4. In adiabatic free expansion, AT =0
9. qP:n'CPl‘)fAT
5. P ’
P 10. Endothermic reactions may also be spontaneous.
1 .....
11. At high temperature, process may become entropy
_ driven.
p Isothermal 12. At low temperature, process may become enthalpy
[ < ;
Pyfenmmcpeemeennnooooo- 2 Adiabatic driven.
1] Vs v 13. If AG = negative and AS = negative, AH must be
negative and AG=AH - T - AS.
6 P
14. Theory based
LIS [ Adiabatic 15. ASy,=0but AS,,, = +ve
J S Isothermal
;2 S S ,
: : 14




Section E (Column Match)

1. Theory based (B) ¢=0, ASgys =0, AS, 10 = 0, AS,,, =0
2. Theory based (C) g=0,AS,,=0,AS,,,, = Positive.
3. Theory based 8. (A) AH = Negative, AV==xTe
. . . (B)AH =+ Ve, AS=—Ve, AG=AH — T, AS
4. Forideal gas, H= but in general, H=f(T, P
£ usy 8 3 ) =+Ve if AH=+TVe
QU U =+ Ve, if AH=-Ve
5. U=f(T,V)=dU= (BT)V dT+(aV)T -dV (C) AH = Ea— Eay=10kJ / mol = +Ve
AS=+Te
(B_U) =n-Cy,, and (aU) =T. (a_P) _pP .. AG=AH - T AS =-V%, at high temperature
JoT v T Jy (D) AH = +Ve, AS=0 = AG ~ AH
6. N +0 — 2NO (g) ; AH = Positive, AS = 0 . L .
2(8) 2 &) © 9. (A)Solid = Liquid ; AG=0, AS = Positive, AV =0
2 KI(ag) + Hel, (aq) — Ky[Helyl(ag) ; L AH = AU
AH = Negative, AS = Negative o N
PCl5 (5) — PCly (9) + Cl, ; AH = Positive, (B) Liquid = Vapour : AG =0, AS = Positive,
AS = Positive (C) Triple point is equilibrium condition.
NH; (g) + HCl (g) - NHyCl (s); AH = Negative, (D) Melting at boiling point is spontaneous.
AS = Negative 10. dG=V-dP-S-dT
7. (A)AH=0,AU=0, AS,,, =0, ASg, = Positive = (dG)p=V-dPand (dG)p=— S -dT
Section F (Subjective)
Single-digit Integer Type
L w="P, (V- V) = deglzdl
=P VoL +7- 1) = V(1 +7-1))] v, b P
e r— . e r— . . — 2
PV p 1) Now, w=~—[ *P-av =~ "(K:I) (2 ! dl)
_Km l2 I
(105m )x(18><10‘ 3)x%202x100c ST T
2 4 44\ 4
=0.0036 1 ST EAL MV AV Gl 1 L MU PSTICR
m 2 4
2. g=AU-w=0- (—nRTln%) 4. —w=mgh= P (V,-V,)=mgh
1
V. (4><105 )x(8 2)x1073m® = 40x10x h
or, 420 =1x2x300 X In ———2———— m’
(1><0.082><300) —h=6m
Vo—6 L 8.21
= V= 5. 4 _ nC,-AT  Q
" AU n-Cy,,-AT
3. P=K-I rm Q—%
For initial condition, 1 bar=Kx 1 m C
= K=1bar/m =>3—m=2
ER

And, V = fm “Ip
3 6

= C,, =6 cal/K mole



6.

10.

q n~CP’m -AT

w —nR-AT
7

L4 2"
-2 —-R

=q=7]

q=q, ¢, =AU, + AH, = n-cV,,,,-(¥—3oo)

’ 2
300 300

=n-R-— =10x2x——=3000 cal
2 2

Isothermal Isochoric

State [ ———— State [ ————

T,=273K  T,=273K T,=5x273K
Vi=V V,=5V V,=5V

P
P =P, h=% P,=P

V.
Grotal = I’lRT‘lIl72+I’l'CI/1m (I;-T7)
1

or, 80X 10° =3x8.314x 273 xIn5 + 3 x Cy,,, x4
x 273

s Cpy =21 J/K-mol = 5 cal/K-mol

PT = Constant = P - V"> = Constant

Now, C,, =ch+i$29=fxw+w
1 1_ 2 1_1
2
= f=3
T
oo |22 o =1200K
U, 300
= T,=1200 K

Now, gy =n-Cy,, (T, - T;)
- &x(§x2)x(1200—300)
28 \2

=9000 cal

11.

13.

14.

15.

or, i = Constant = P- V™' = Constant
JT
R
C,=Cp,+ = ER =3
L | 2 1-(-1)
=6 cal/K mol
AG =V -AP

=(£x10_6m3)(3001—1)x105£2
0.78 m

=5000J
AG,=AH—-T,-ASand AG,=AH T, - AS

5 (FAGy) — (FAG) = (T, - T)) - AS = (T, - T)) x
AH - AG,

L
= (302 - 298) x (73N =(=6333) _ gy
298
Graphite = Diamond; AG°=5.0k] P=1 bar
AG=0 pP=?

Now, AG, — AG, = (Vp— V) (P, — P))

or, 0—5000 = [(E_ﬁ)xloé]x(g -10%)
3.6 24

=>3><109£2
m

AG®=—RT-In K, =-2x300xIn (¢ %) = + 6000 cal
AH°=AG® _ 7500 - 6000

T 300
=5 cal/k-mol

Now, AS°=




Four-digit Integer Type

— 1 1
1. w=- nRTan2 nb+an2 —_———
Vi—nb v, N

1x8.314><300><1n(

+1.42><1012><12x(i_l)xlo-“’
20 2

20—1><0.03)
2-1x0.03

=5713.16J
2. AH=AU+APV)=30+(@4x5-2x3)=44 L-atm

3. Calcite —» Aragonite
AH=AU+P-AV

AV=210]+ (2.7><1o5 i)(@-@)xm‘énﬁ

m2/)\ 3 27

=2091]

4. AU=(q+W)pun1=(q+ Wpam

or, 10 x 10> x 42 J + 0= (11 x 10* x 42 J) +
(0.5 w,,,)

Sow =840017T

max
5. H=U+PV=25PV
S AH=2.5x% 105%><(200—100)><1o—3m3
m
=25kJ

6. g=AU-w=15nR- AT+ P, -A Al
42=15x1x8314x2+100x10*x8.5xx 10™*x Al
L A=02m

7. AH-AU=P(V,- V)

— ~1000 = P[E_E]MW
36 24

- P=6000% 10° Pa

8. Solid (70°C) — Liquid (70°C)—*—
Liquid (450°C) —— Vapour (450°C)

g=q;+ ¢+ ;=30 x 10 + 10 x 0.215 x 380
+10 x 45 = 1567 cal

9. q=12><0.5x$=1805]

w=-P-(V,-V)=-P-V,=-nRT

= —(;—'89><8.314><373= —1551]

10.

11.

12.

13.

14.

S AU=g+w=1805+ (-155)=1650J (for 0.9 g)

:16—590><18><10’3 =33kJ

g=AU-w=0=AU= w = P, (V, — V)
= 100(-1) = 100 bar-ml
Now, AH=AU+ APV =100 + (100 x 99 — 1 x 100)
=9900 bar-ml =990 J

q=AU-w=0=AU=w
:%XIOXIOOO bar-ml

=5007J

1001 bar

1 bar

' ' 1
990 1000 V (ml)

For adiabatic process:

vy

T, =T, (—1) =300%(2)"*" =400 K
V2

Now, w=w, +w,

V.
= (—nRT~ln72)+[nCV’m (T, -T,)
1

=[-1x8.3x300xIn 2]+ |:1><1i'3 1 ><(400—300)]
=332]

q:n-CV’m -AT

or, 50 X 166 x

. 1x821x10%x2.9%x10° ><5><8.3><
0.0821x290 2
- t=500 sec

20

AU=3x1.5Rx100+2x2.5Rx100=1900 cal



15. P

64 atm |--- 4 (1200 K)

_____________ B (300 K)

latm p--------------o-oo T

.C (300 K)

Path AB (Adiabatic):

1 1

T\, (1200)3
P=P | —=|,"=64x -l =2atm
- n(2; 200);

Now, Wiy =Wyp+ Wge

P
=n.ch.AT+(—nRT1n—BJ
> PC

:1X%Rx(300—1200)—1><R><300><1n%

=-3120cal

16.

17.

18.

19.

AS° = SCH4 —(Sgrap +2X SHz )
=186.2—-(6.0+2x130.6)
=-81J/K

Now, AG® = AH® — T-AS° =-T-AS,;,

or, (-75 x 10%) — 300 x (-81) =300 x AS,,
= AS,.;, =169 J/K

univ

(-mgh) x N = (-AG®)
600 %103
2x27

or50x10x2x N= x27= N =300

(-AG)=—(AH—T- AS)

= [(—2808) ~310x &] =2870kJ
1000

2+4+6=12

a=2 (1, vi)

b=3 (i1, v, vii)
c=4 (111, 1v, Viii, iX)
d=9 (all)




