TOPIC

First Law and Basic
Fundamentals of
Thermodynamics

Five moles of an ideal gas at 1 bar and 298 K is expanded
into vacuum to double the volume. The work done is :
[Sep. 04,2020 (I1)]
RT(V,- V)

@ C(T,-T) (b)
(¢) RTInV/V, (d) zero

The magnitude of work done by a gas that undergoes a
reversible expansion along the path ABC shown in the

figure is [NV, Jan. 08,2020 (I)]
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At constant volume, 4 mol of an ideal gas when heated
from 300 K to 500 K changes its internal energy by 5000 J.
The molar heat capacity at constant volume is e

[NV, Jan. 08, 2020 (II)]

An ideal gas is allowed to expand from 1 L to 10 L against

a constant external pressure of 1 bar. The work done in kJ
is: [April 12,2019 ()]
@ -90 (b)) +100 () 09 (d) -20

Among the following, the set of parameters that represents

path functions, is: [April 9, 2019 (D]
A)g+w ®) ¢
©w (D) H-TS

(@) (B)and (C)
(¢) (A)and (D)

(b) (B),(C)and (D)
(d) (A),(B)and(C)

8.

During compression of a spring the work done is 10 kJ
and 2 kJ escaped to the surroundings as heat. The change
ininternal energy, “U (in kJ) is: [April 9,2019 (ID)]
@ -12 () -8 © 8 @ 12

‘Which one of the following equations does not correctly
represent the first law of thermodynamics for the given
involving an ideal gas ? (Assume non-
expansion work is zero) [April 8,2019 (D]

©

(d) Isothermal procs =—w

5 moles of an ideal gas at 100 K are allowed to undergo

reversible compression till its ¢ becomes 200

K.1fC,=28 J K" mol!, calculate AU and ApV for this

process. (R=8.0JK ' mol™') [April 8, 2019 (II)]

(a) AU=14kJ;A(pV)=18kJ

(b) AU=14KkJ; A(pV)=0.8kJ

(c) AU=14kJ; A(pV)=4k]

(d) AU=14KkJ; A(pV)=8.0kJ

For a diatomic ideal gas in a closed system, which of the

following plots does not correctly describe the relation

between various thermodynamic quantities
[Jan. 12,2019 ()]

@ c o) /
P & g
€, el
© @
T AY

EBD_8345



Thermodynamics

c-59

10. The combination of plots which does not represent
isothermal expansion of an ideal gasis:
[Jan. 12, 2019 (ID)]
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(@) (B)and (D)
(¢) (B)and(C)
11.  Anideal gas undergoes isothermal compression from 5 m?
to 1 m* against 2 constant external pressure of 4 Nm2.
Heat released in this process is used to increase the
temperature of 1 mole of Al If molar heat capacity of Alis

24J mol™' K, the temperature of Al increases by:
[Jan. 10, 2019 (I1)]

(b) (A)and(C)

(a) %K ®) 2K (o) %K @ 1K
12. Consider the reversible isothermal expansion of an ideal
gas in a closed system at two different temperatures, T,
and T, (T, < T,). The correct graphical depiction of the
dependence of work done (w) on the final volume (V) is:
[Jan. 9, 2019 (I)]
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13.  An ideal gas undergoes a cyclic process as shown in
Figure.

(d) (A)end (D) 16.

AU, =-5kImol ™!, q,,=2kImol !

W,,=-5kImol™, W, =3kI mol!

Heat absorbed by the system during process CA is:
[Online April 15,2018 (I)]

(b) +5kJmol!

(d) ~18kJmol!

(@) ~5kJmol!

(c) 18kImol™!

AU is equal to

(a) Isochoric work (b) Isobaric work

(c) Adiabatic work (d) Isothermal work

A gas undergoes change from state A to state B. In this

process, the heat absorbed and work done by the gas is 5

Jand 8 J, respectively. Now gas is brought back to A by

another process during which 3 J of heat is evolved. In

this reverse process of Bto A:  [Online April 9,2017]

(a) 101J of the work will be done by the gas.

(b) 617 of the work will be done by the gas.

(c) 107 of the work will be done by the surrounding on gas.

(d) 67 ofthe work will be done by the surrounding on gas.

If 100 mole of H,O, decomposes at 1 bar and 300 K, the

work done (kJ) by onemole of O,(g) as it expands against

1 bar pressure is [Online April 10, 2016]
2H,0,() = HO()+0,(g)

(R=83JK 'mol™)

(a) 12450 (b) 249.00

(¢) 49800 (d) 6225

A piston filled with 0.04 mol of an ideal gas expands

reversibly from 50.0 mL to 375 mL at a constant temperature

0of 37.0 °C. As it does so, it absorbs 208 J of heat. The

values of q and w for the process will be: [2013]

(R=8.314 J/mol K) (In7.5=2.01)

(a) q=+208J, w=-2081

(b) q=-2081, w=—208]

(¢) q=-2087,w=+2081

(d) q=+208J, w=+208]

‘Which of the following ionships is

in thermodynamic changes? [Online April 23,2013]

(a) AU= 0 (isothermal reversible expansion of a gas)

12017

V;
(b) w=-nRT In V—Z (isothermal reversible expansion of

an ideal gas)
v, )
(¢) w=nRTIn v, (isothermal reversible expansion of an
1

ideal gas)
(d) Forasystem of constant volume heat involved directly
changes to internal energy.
An ideal gas is allowed to expand both reversibly and
irreversibly in an isolated system. If T, is the initial
temperature and Ty is the final temperature, which of the
following statements is correct? 2006]
@ (T, = (T
(b) T,=T, for both reversible and irreversible processes
© Ty > (T
(d) T;>T, for reversible process but T;=T, for irreversible
process
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20. Anideal gas expandsin volume from 1x102to 1 x 102 m*
at 300 K against a constant pressure of 1x10° Nm2. The

work done is [2004]
(a) 270kJ (b) —900kJ
() —9007 (d) 900kJ

21. Theinternal energy change when a system goes from state
A to B is 40 kJ/mole. If the system goes from A to B by a
reversible path and returns to state A by an irreversible path
what would be the net change in internal energy ? [2003]
(a) >40kJ (b) <40kJ
(¢) Zero (d) 40kJ

22.  Aheat engine abosrbs heat O, at temperature T, and heat
0, at temperature 7,. Work done by the engine is
J(0,+0,). This data 12002]
(a) violates 1*'law of thermodynamics
(b) violates 1 law of themodynamics if O, is -ve
(c) violates 1* law of thermodynamics of O, is ~ve
(d) does not violate 1% law of themodynamics.

23. Theheat required to raise the temperature of body by 1 K

is called [2002]
(a) specific heat (b) thermal capacity
(c) water equivalent (d) none of these.

a Laws of Thermochemistry @

24. Lattice enthalpy and enthalpy of solution of NaCl are
788 kJ mol ' and 4 kJ mol !, respectively. The hydration

enthalpy of NaCl is : [Sep. 05, 2020 (11)]
(a) ~780kJmol ! (b) 780 kI mol’
(¢) ~784kJmol" (d) 784kImol’

25.  For one mole of an ideal gas, which of these statements
must be true? [Sep. 04,2020 (I)]

(1) U and H each depends only on temperature
(2) Compressibility factor z is not equal to 1

@) Cpp-Cypn=R

@) dU=C,dT for any process

(@) ()and(3) (b) (2),(3)and(4)
(¢) (3)and (4) (d) (1),(3)and (4)

26. The intermolecular potential energy for the molecules 4,
B, Cand D given below suggests that :
[Sep. 04,2020 (I)]

Interatomic distance (pm)

150

o]
100 1
200 4

Potential
Energy 3001

1

kI mol
dmel ) 400
500 4

600 1

27.

28.

29.

30.

31

32.

33.

34.

3s.

(a) A-D has the shortest bond length
(b) A-A has the largest bond enthalpy
(c) D ismore electronegative than other atoms
(d) A-B has the stiffest bond
The internal energy change (in J) when 90 g of water
undergoes complete evaporation at 100°C is .
(Given: AHW for water at 373 K=41 kJ/mol, R=8.314JK~
"mol™) [NV, Sep. 02, 2020 (I)]
The heat of combustion of ethanol into carbon dioxids
and water is — 327 kcal at constant pressure. The heat
evolved (in cal) at constant volume and 27°C (if all gases
behave ideally) is (R=2 cal mol™' K™')

[NV, Sep. 02, 2020 (ID]

If enthalpy of atomisation for Br,(¢) is x ki/mol and bond
enthalpy for Br, is y kJ/mol, the relation between them:

[Jan. 09, 2020 (I)]
(a) isx=y (b) does not exist
(c) isx>y (d) isx<y

For the reaction ; A(I) — 2B(g)
AU=2.1keal, AS=20 cal K-'at 300 K.
Hence AG in keal is. [NV, Jan. 07, 2020

(D]

The standard heat of formation ( A/ qux) of ethane (in kJ/
mol), if the heat of combustion of ethane, hydrogen and
graphite are ~1560,-393.5 and 286 kJ/mol, respectively
s . [NV, Jan. 07, 2020
(In]

Enthalpy of sublimation of iodine is 24 cal g™ at 200°C. If
specific heat of I(s) and I,(vap) are 0.055 and 0.031 cal g
"K' respectively, then enthalpy of sublimation of iodine

at250°Cincal g'is: [April 12,2019 (D]
(a) 2.85 (b) 57
(c) 228 (d) 114

The difference between AH and AU (AH — AU), when the
combustion of one mole of heptane (I) is carried out at a

temperature T, is equal to : [April 10, 2019 (ID)]
(a) ~4RT (b) ~3RT
(c) 4RT (d) 3RT

For silver, CI)(JK’I mol™')=23+0.01T. If the temperature
(T) of 3 moles of silver is raised from 300 K to 1000 K at 1
atm pressure, the value of AH will be close to:

[April 8, 2019 (I)]
@@ 62kI () 16kI () 21k (d) 13k
(i) C(graphite) +O,(g) - CO,(g); AH’=xkimol !
(i) Cleraphite) +  O,()~> CO(g): AH =y kI mol!

1
(i) CO(g) + 30,(8) > COL(e: Ak 1=Kk mol

EBD_8345
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Based on the above thermochemical equations, find out
which one of the following algebraic relationships is
correct? [Jan. 12,2019 (ID]

The combustion of benzene (1) gives CO, () and H,0 (/).
Given that heat of combustion of benzene at constant
volume is-3263.9 kI mol™ at 25°C; heat of combustion (in
kJ mol™") of benzene at constant pressure will be :

(R=8314JK" mol!) [2018]
(a) 41526 (b) -45246
(©) 3260 (@) -32676

For which of the following reactions, AH is equal to AU ?
[Online April 15, 2018 (1)]

Na(2)+3Hy(g) > 2NH3(g)
2HI(g) - Hy(g) +15(g)
250,(g)+0,(g) = 2805(2)

(a)
(b
(¢
(d) 2NO,(g) > N;04(2)
Given

Corapite)

+0,(g) > CO,(g); AH®=-393.5 kI mol™!

1
H, (@) + 5 0, (g)—> H,0(): AH"=-285.8 kI mol!

CO,(g) +2H,0() — CH,(g) + 20,(g);

AH°=+890.3 kI mol!
Based on the above thermochemical equations, the value
of A, H® at 298 K for the reaction

Cgpiey ™ 2H(8) = CH,(g) will be: [2017]
(a) +748kImol! (b) ~144.0kJ mol !
(©) ~74.8KkImol! () - 144.0kJ mol™!

For a reaction, A(g) — A(l); AH= -3RT. The correct
statement for thereactionis:  [Online April 8,2017]
() AH=AU=0 (b) AH=AU=0

(©) |AH|< JAU) (@) [AH> AU

The enthalpy change on freezing of | mol of water at 5 °C
toiceat-5°Cis: [Online April 8,2017]

(Given A, H=6kJ mol'at0°C,
CF(HZO,I 3Jmol 'K,
C(H,0,5=36.8 Tmol 'K~)

(a) 544kImol” () 5.81kImol
() 6.56kImol™! (d) 6.00kJmol™!
The heats of combustion of carbon and carbon monoxide
are-393.5 and-283.5 ki mol™, respectively. The heat of
formation (in kJ) of carbon monoxide per mole is :[2016]
(a) 6765 1105
(©) 1105 (d) 6765
The heat of atomization of methane and ethane are 360 kJ/
mol and 620 kJ/mol, respectively. The longest wavelength
of light capable of breaking the C — C bond is (Avogadro
number =6.02 x 102, h=6.62x 103Js):

[Online April 10, 2015]
(b) 1.49% 10°nm
(d) 1.49x 10*nm

(a) 248x10*nm
(c) 248 x 10°nm

43.

44.

45.

46.

47.

For complete combustion of ethanol,

C,H50H (1) +30, (g)—>2C0, (g)+3H,0(/),

the amount of heat produced as measured in bomb

calorimeter, is 1364.47 kJ mol ' at 25 °C. Assumingideality

the enthalpy of combustion, A H, for the reaction will be:

(R=8.314 kI mol ™) 12014]

(@) —1366.95kJmol”"  (b) —1361.95kJ mol’'

(©) —1460.95kI mol" () —1350.50kJ mol™

The standard enthalpy of formation of NH, is — 46.0 kJ/

mol. If the enthalpy of formation of H, from its atoms is

436kJ/mol and that of N, is— 712 kJ/mol, the average bond

enthalpy of N - Hbond in NH, is:[Online April 9, 2014]

(a) —1102kJ/mol (b) —964 kl/mol

(¢) +352KkI/mol (d) +1056kT/mol

The standard enthalpy of formation (A H® ) for methane,

CH, is - 74.9 kJ mol™". In order to calculate the average

energy given out in the formation of a C — H bond from

this it is necessary to know which one of the following?
[Online April 12,2014]

(a) Thedissociation energy of the hydrogen molecule, H,.

(b) The first four ionisation energies of carbon.

(c) The dissociation energy of H, and enthalpy of

sublimation of carbon (graphite).

(d) The first four ionisation energies of carbon and

electron affinity of hydrogen.

Given:

1
o Hz(g)+502 (g) > H,0(0);
AH® 05 =—~285.9kTmol !
1 )
(m Hz(g)+§02(g) - Hy0(g);

A5 =—241.8kImol™!
The molar enthalpy of vapourisation of water will be :
[Online April 9, 2013]

(a) 2418k mol”! (b) 220k mol”!

(¢) 44.1kImol! (d) 5277k mol!

Given

Reaction Energy Change
(inkJ)

Li(s) - Lig) 161

Li(g) — Li‘(g) 520

% 2(g) > Fg) u

F(g)+e - F(g) (Electron gain
enthalpy)

Li*(g) ~ Fig) - LiFis) 1047

Li(s) + %Fz(g) > LiF(s) 617

Based on data provided, the value of electron gain enthalpy

of fluorine would be : [Online April 22, 2013]
(a) —300kJ mol! (b) —350 kI mol!
(¢) —328kImol (d) —228 kI mol!



c-62

48. In which of the following exothermic reactions, the heat ~ 56.

liberated per male is the highest ? [Online April 25, 2013]
(a) CaO+H,0— Ca(OH),
(b) StO+H,0 — Sr(OH),
(¢) BaO+H,0 - Ba(OH),
(d) Mg0+H,0 — Mg(OH),
49. Giventhat: [Online April 25,2013]
() AgHo0f NyO is 82 kI mol!
(i) Bond energies of N=N,N=N,0=0andN=0 are
946,418, 498 and 607 kJ mol ™! respectively,
The resonance energy of N,O is :
(a) —88KJ (b) ~66kT
(c) —62kJ (d) -44k)
50. The difference between the reaction enthalpy change (A H)
and reaction internal energy change (A U) for the reaction:

2CeH (1) + 1505 (2) ——>12CO4 (g) + 6H20(1)

at300Kis (R=8.314 Jmol'K-!) [OnlineMay12,2012] 7
(a) 0Jmol! (b) 2490J mol!
(c) —2490 Jmal™ (d) 7482 Jmol!

51. The enthalpy of neutralisation of NH,OH
with HCI is ~51.46 kJ mol™' and the enthalpy
ofneutralisation of NaOH with HCl is ~55.90 kI mol!. The
enthalpy of ionisation of NH,OHis [Online May 19, 2012]
(a) —107.36 kImol! (b) —4.44 KT mol™! 58.
(¢) +107.36 kJmol™! (d) +4.44 kJmol!

52. The value of enthalpy change (AH) for the reaction
CoH50H(1) +30;,(g) = 2C0,(g) +3H,0(1)
at27 °C is—1366.5k Jmal . The value of internal energy
change for the above reaction at this temperature will be :
(a) —1369.0kJ (b) ~1364.0k]  [2011RS]
() —1361.5kJ (d) —1371.5kJ

53.  Consider the reaction
ANOy(2) +0s(8) > 2N205(), i
AH=-111kJ.
If N,04(s) is formed instead of N,Oy(g) in the above
reaction, the A H value will be :
(given, AH of sublimation for N, 05 is 54 kJ mol ™)
(@) +54k] (b) +219kJ [2011RS]
(c) ~2197 (d) ~165kI

54. The standard enthalpy of formation of NH;
is —46.0 kJ mol™". If the enthalpy of formation of H, from
itsatoms is —436 kI mol ! and that of N, is— 712 kI mol ™,
the average bond enthalpy of N—Hbond in NH; is [2010] 60
(a) —964 kimol! (b) +352kImol g
() +1056KkI mol™! (d) ~1102 kI mol!

55. On the basis of the following thermochemical data :
(4sG°H g = 0) 12009]

61.

H,0i7) - H" (aq)+ OH (aq); AH = 57.32 kJ

Hz(g)*%oz(g)‘)Hzo(i); AH=-28620kJ

The valug of enthalpy of formation of OH- ion at 25° C is:
(a) —228.88kJ (b) +228.88kJ
(c) —343.52kJ (d) -22.88kJ

Chemistry

Oxidising power of chlorine in aqueous solution can be
determined by the parameters indicated below:

1
—AgisHC o
2Chi— 20 @

ApygH® -
—+——Cl (aq)
The energy envolved in the conversion of

%Clz (®10C1 " (ag)
(using the data,

AqHiy =240k mol A H'g= 349 & mol -

Ay Hey =381k mol ), will be 12008]
(@) +152kImol"! (b) —610kI mol!
(c) —850kImol™! (d) +120kJmol!

Assuming that water vapour is an ideal gas, the internal
energy change (AU) when I mol of water is vapourised at
1 bar pressure and 100 °C, (given : molar enthalpy of
vapourisation of water at 1 bar and 373 K=41kJ mol~' and

R=8.3J mol"! K-') willbe 12007]
(a) 41.00kJmol”! (b) 4100k mol™!
(¢) 3.7904kJ ol (d) 37.904k] mol!

The standard enthalpy of formation (AH°) at 298 K for

methane, CH, (g) is ~74.8 kJ mol™'. The additional

information required to determine the average energy for

C -~ H bond formation would be 2006]

(a) the first four ionization energies of carbon and electron
gain enthalpy of hydrogen

(b) the dissociation energy of hydrogen molecule, H,

(c) the dissociation energy of H, and enthalpy of
sublimation of carbon

(d) latent heat of vapourization of methane

The enthalpy changes for the following processes are listed

below : 12006]
Cly(g)=2Cl(g). 242.3kI mol ™!
L(g)=2I(g), 151.0kJ mol !
ICl(g)=1g)+Cl(g), 211.3kImol*
1,(s)=1L(g), 62.76kJmol™!

Given that the standard states for iodine and chlorine are
L,(s) and Cl,(g), the standard enthalpy of formation for

ICl(g)is: 12006]
(a) +16.8kImol™! (b) +244.8KkJ mol™!

(c) ~14.6kJmol ! (d) ~16.8kJ mol!

(AH - AU) for the formation of carbon monoxide (CO) from
its elements at 298 K is 2006]
(R=8314JK ' mol)

(a) —2477.57Tmol”! (b) 247757 Imol™!

(¢) —1238.78Tmol™! (d) 1238.78 Imol™!

Consider thereaction : N; +3H, — 2NHj carried out
at constant temperature and pressure. If AH and AU are
theenthalpy and internal energy changes for the reaction,
which of the following expressions is true ? [2005]
(a) AH> AU (b) AH < AU

() AH=AU (d) AH=0

EBD_8345
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If the bond dissociation energies of XY, X, and Y, (all
diatomic molecules) are in the ratio of 1 : .5 and AH, for
the formation of XY is — 200 kI mole™!. The bond

dissociation energy of X, will be [2005]
(2) 400kJ mol ™! (b) 300kJ mol ™!
(¢) 200kJ mol ™! (d) 100kJ mol ™"

The enthalpies of combustion of carbon and carbon
monoxide are —393.5 and — 283 kJ mol ' respectively. The
enthalpy of formation of carbon monoxide per mole is

(a) —676.5k] (b) 6765KkT [2004]

(¢) 1105kJ (d) ~ 1105k

Ifat 298 K the bond energies of C—H, C—C, C=Cand
H-—Hbonds arerespectively414, 347, 615 and 435 kI mol ',
the value of enthalpy change for the reaction

H,C = CH, (g) +H,(g) - H;C — CH; (g) at298 K willbe

(a) ~250kJ (b) +125kJ [2003]

(c) —125kJ (d) +250kJ

The enthalpy change for a reaction does not depend upon
[2003]

(a) use of different reactants for the same product

(b) the nature of intermediate reaction steps

(c) the differences in initial or final temperatures of
involved substances

(d) the physical states of reactants and products

The true statement amongst the following is :

[Jan. 09, 2020 (ID]
(a) Both AS and S are functions of temperature.
(b) Both S and AS are not functions of temperature.
(c) Sisnota function of temperature but AS is a function
of temperature.
(d) Sisa function of temperature but AS is not a function
of temperature.
Two blocks of the same metal having same mass and at
temperature T, and T,, respectively, are brought in contact
with each other and allowed to attain thermal equilibrium
at constant pressure. The change in entropy, AS, for this

process is : [Jan. 11, 2019 ()]
(T+T,) (T +T7)%
@ Cpln| 20| (b) 2cpIn| L2222
41T, T,
T+T, T+T,
c) 2Cpl d) 2Cpl
() 2Cp u[ T, ] d) 2Cp n{ T

The process with negative entropy change is:
[Jan. 10, 2019 (ID)]
(a) Dissociation of CaSO,(s) to CaO(s) and SO4(g)
(b) Sublimation of dryice
(c) Dissolution of iodine in water
(d) Synthesis of ammonia from N, and H,

69.

70.

1.

72.

73.

74.

75.

The entropy change associated with the conversion of 1
kg of ice at 273 K to water vapours at 383 K is:
(Specific heat of water liquid and water vapour are 4.2 kJ
K" kg and 2.0 kJ K™ kg™!; heat of liquid fusion and
vapourisation of water are 334 kJ kg™ and 2491 kJ kg™,
respectively). [Jan. 9,2019 (ID)]
(log 273=2.436,log 373 =2.572, log 383 =2.583)
(a) 7.90kIkg 'K (b) 2.64kIkg 1K
(c) 849kIkg 'K (@ 926k kg 'Kt
For which of the following processes, AS is negative?
[Online April 16, 2018]
(a) C(diamond) — C(graphite)
(b) Nj(g,latm) —> N (g,5atm)
(©) Na(g,273K) - N,(g,300K)
(d) Hy(g)—>2H(g)
The molar heat capacity (Cp) of CD,01is 10 calsat 1000 K.
The change in entropy associated with cooling of 32 g of
CD,0 vapour from 1000 K to 100 K at constant pressure
willbe: (D= deuterium, atomic mass =2 u)
[Online April 11,2014]
(a) 23.03caldeg™! (b) ~23.03 cal deg™"
(c) 2.303 caldeg™! (d) ~2.303 cal deg™"
The (S°) of the following substances are:
CH, (g) 186.2JK "' mol!
0, (2)205.2JK " mol™!
CO, (g)213.6JK " mol”!
H,0 (1) 69.9.JK " mol™!
The entropy change (AS®) for the reaction
CH,(g)+20,(g) > CO,(g) +2H,0(D) is:
[Online April 12,2014]
(@) -3125JK " mol”!  (b) ~242.8JK ' mol™!
(¢) ~108.1JK " 'mol”" () ~37.6JK ' mol™
The entropy of a sample of a certain substance increases
by 0.836 J K™! on adding reversibly 0.3344 J of heat at
constant temperature. The temperature of the sample is:

[Online May 7,2012]
(@) 25K (b) 03K
(¢) 0016K (d) 04K

One mole of an ideal gas is expanded isothermally and
reversibly to halfof its initial pressure. AS for the process
inJK'molis  [In2=0.693 and R =8.314, J/(mol K)]

[Online May 26,2012]
(a) 676 (b) 576
(c) 1076 (d) 803

Standard entropy of X,, Y, and XY, are 60, 40 and
50J K" mol™!, respectively. For the reaction,

1 3
TXa+ Y2 = XV, AH = 30K, to be at equilibrium,

the temperature will be [2008]
(a) 1250K (b) 500K
(©) 750K (d) 1000K
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76.

7.

78.

79.

80.

81.

82.

In conversion of lime-stone to lime,
CaC0s(s) — CaO(s) + CO, (g) the values of AH® and
AS° are+179.1 kI mol! and 160.2 J/K respectivelyat 298 K

and 1 bar. Assuming that AH® and AS® do not change
with temperature, temperature above which conversion of

limestone to lime will be spontaneous is [2007]

(@) 118K (b) 1008K

(¢) 1200K (d) 845K.
P e o iy, § e
fT()m(‘HSpomanelty and Gibb's Free G
Energy 2

For a dimerization reaction, 2A(g) — A, (g),

at298 K, AU® = -20 kI mol", AS® = -30 JK ' mal ',
then the AG® will be 1.
[NV, Sep. 05, 2020 (ID)]
A process will be spontaneous at all temperatures if :
[April 10, 2019 (I)]
(a) AH<0andAS<0 (b) AH>0andAS<0
(©) AH<0and AS>0 (@ AH>0and AS>0
For the chemical reaction X ~——Y , the standard
reaction Gibbs energy depends on temperature T (in K)
as AG (inkI mol) =120 3 T
8

The major component of the reaction mixture at T is :
[Jan. 11, 2019 ()]

(b) YifT=280K

(d) XifT=315K

(a) YifT=300K
(¢) XifT=350K
The reaction
MgO (s) + C(s) = Mg(s) + CO (g), for which
AHP=+491.1 kJ mol ' and AS° = 198.0 JK'mol!,

is not feasible at 298 K. Temperature above which reac-
tion will be feasible is [Jan. 11, 2019 (II)]
(2) 20405K (b) 1890.0K

(c) 24803K (d) 2380.5K

The standard reaction Gibbs energy for a chemical reaction
at an absolute temperature T is given by AG® = A —BT where
A and B are non-zero constants. Which of the following
is true about this reaction?  [Jan. 11, 2019 (II)]
(a) ExothermicifB<0

(b) EndothermicifA>0

(¢) EndothermicifA<0andB>0

(d) ExothermicifA>0andB<0

A process has AH= 200 J mol ! and AS =40 JK 'mol .
Out of the values given below, choose the minimum
temperature above which the process will be
spontaneous: [Jan. 10, 2019 (I)]

@ 20K () 12K () 5K (&) 4K

83.

84.

85.

86.

87.

88.

Chemistry

Which of the following lines correctly show the
temperature dependence of equilibrium constant, K, for
an exothermic reaction? [2018]

(a) AandB (b) BandC

(¢) CandD (d) AandD

At320K, a gas A, is 20% dissociated to A(g). The standard
free energy chal;ge at 320 K and 1 atm in J mol ™! is
approximately: [Online April 16, 2018]
(R=8.314JK ' mol!; In2=0.693; In 3 = 1.098)

() 1844  (b) 2068 () 4281  (d) 4763
AG® at 500K for substance'S' in liquid state and gaseous
state are +100.7 keal mol ' and +103 keal mol !, respectively.
Vapour pressure of liquid 'S' at 500 K is approximately equal
to:(R=2 cal K- 'mol ). [Online April 15, 2018 (ID)]

(a) 100atm (b) latm
(c) 10atm (d) 0.1atm
Given [Online April 15, 2018 (1I)]

() 2Fe;05(s) — 4Fe(s)+30,(g):
A,G°=+1487.0 kJ mol ™!
() 2CO(g) +0,(g) — 2C0O, (g}

A,G®=-514.4 k] mol™!
Free energy change, A G° for the reaction
2Fe,05(s) + 6CO(g) — 4Fe(s)+6CO, (g) will be:
(a) ~112.4kJ mol™! (b) —56.2kJmol™!
() ~208.0kImol™! (d) ~168.2kI mol™!
An ideal gas undergoes isothermal expansion at constant
pressure. During the process :  [Online April 9, 2017]
(a) enthalpy increases but entropy decreases.
(b) enthalpy remains constant but entropy increases.
(c) enthalpy decreases but entropy increases.
(d) Both enthalpy and entropy remain constant.
Areaction at 1 bar is non—spontaneous at low temperature
but becomes spontaneous at high temperature. Identify
the correct statement about the reaction among the
following : [Online April 9,2016]
(a) AH isnegative while AS is positive
(b) Both AHand AS are negative
(c) AH is positive while AS is negative
(d) Both AHand AS are positive.

EBD_8345



Thermodynamics

89.

90.
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The incorrect expression among the following is: [2012]

® AGsysiem

)
ASiotal

(b) Inisothermal process,

=-T

W,

=-nRT ?nﬁ
V;

reversible

© IK= AH°-TAS

R
(d) K=eA0RT
For a particular reversible reaction at temperature T, AH
and AS were found to be both +ve. If T is the temperature
at equilibrium, the reaction would be spontaneous when
@ T,>T (b) T>T, [2010]
(¢) T,isStimesT ) T=T,
Identify the correct statement regarding a spontaneous
process: [2007]
(a) Lowering of energy in the process is the only criterion
for spontaneity.
(b) For a spontaneous process in an isolated system, the
change in entropy is positive.
(c) Endothermic processes are never spontaneous.
(d) Exothermic processes are always spontaneous.

92.

93.

94.

95.

In an irreversible process taking place at constant T and P
and in which only pressure-volume work is being done, the
change in Gibbs free energy (dG) and change in entropy
(dS), satisfy the criteria [2003]

@) (dS)y;>0,(dG); , <0

(b) (@S)y;=0,(dG); =0

(© (@S)y;=0,(dG);,>0

(d) (dS)y;<0,(dG); ;<0

The correct relationship between free energy change in a
reaction and the corresponding equilibrium constant K is

(a) ~AG=RThK, (b) AG=RTmK, [2003]
(¢) ~AG°=RThK, (d) AG=RTmK_

Ifan endott icreaction is r at freezing
point of water and becomes feasible at its boiling point,
then [2002]
(a) AHis-ve, ASis+ve

(b) AHand AS both are +ve

(c¢) AH and AS both are —ve

(d) AHis +ve, ASis-ve

For the reactions, [2002]
2C+0, ->2C0,; AH =-393]

2Zn+0, — 2Zn0; AH =-412]

(a) carbon can oxidise Zn

(b) oxidation of carbon is not feasible
(c) oxidation of Zn is not feasible

(d) Zn can oxidise carbon.
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__Hjnts & §91uti_olls

Chemistry

(@) Inexpansion against vacuum
PEXI =0

W=-P, AF=0

W=0

(48.00)

Work done is given by the area under the trapezium.

1
W= 5 (6+10)x6=48]

(6.25)  AU=nCAT
5000=4x C, (500-300)
C,=6.25JK ' mol™!

(e) w=—PAV
—(Ibar)*<(9L)
=—(10°Pa) % (9% 107 m’
9% 10°N.m
=-900J=-0.9kJ
(@) We know that heat and work are not state functions
but ¢+ w=AUis a state function. H— TS (i.e. G)isalsoa
state function.
(e) w=10kJ
g=-2kI
AU=g+w=-2+10=8kJ
(b) From first law of thermodynamics, AU= g +w
For adiabatic process, g =0
AU=w
For isothermal process, AU=0=q=-w
For cyclic process, AU=0=q=—w
For isochoric process, w=0=AU=g4
(e) AU=nC AT=5%28>100=14kJ
A(PV)=nR(T,—T,)=5x8x 100 =4kJ
(a) Forideal gas, C, and C, are dependent on tempera-

[ 1Pa=IN/m?]

ture only.
7
C,= ER (Independent of P)

5
C,= ER (Independent of V)

Thus, C, will not change with pressure.

10. (a) Isothermal expansion

PV, =K (graph-C)

i

K
P= me (graph - A)

11.

12.

Therefore (B) and (D) are not correct representation.
(¢) We know that,
w= Pm(Vf V)
w=—4 Nm (1 -5)m’
w=16Nm=16]
For isothermal compression,
AU=g+w
= g=-w=-16J(~- AU=0 for isothermal process)
From calorimetry,

Heat given =n C AT
So. 16 1224 x AT
0. 16 =—————~
2P mol K

. 2
. Change in temperature, AT :5 K

(M) Forreversible isothermal expansion,

V.
w=-nRTIn -2
h

8
= |w/=nRTIn —
"

[w|=nRT (InV,~InV,)
[w|=nRTIn V,-nRTV,
y=mx+c
So, slope of curve 2 is more than curve | and intercept of
curve 2 is more negative than curve 1.
b) AU, =qu+ Wy =2+(=5)=-3kl/mol
AU =-5kJ/mol
For eyclic process, AU=0
AU+ AU+ AU, =0
AUgy =-AU,g — AUpc
AU, =~(-3)~ (-5)=8kJ/mol
AU =ca ™ Weu
8=qc,*3
Qs = +5kJ/mol
Heat absorbed has positive sign.
(¢) From I*law ofthermodynamics
AU=g+w
For adiabatic process : g =0
. AU=w
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17.

18.

19.

20.

21.

22.

c-67

@ 4 g=t3,w= 81_ o
AUp=qg+w=+5+(-8)=-3

g=-3, AUgy =+3

AUpy=qg+w

=3=-3+w= w=+6 (work done on the system).

@ 2H,0,(1) 2H,0(1) +0,(g)

w==P, (AV)= 10, RT

. 100 mole H,0, on decomposition give S0 mole O,.
- w=—(50)(8.3) (300)=—124500 J=—124.5kJ.
(a) Process is isothermal reversible expansion, hence
AU=0, therefore g =—w.
Since g =+208J,w=-2081T
(c) For isothermal reversible expansion.

V-
w= —HRT]H—Z
14

() According to first law of thermodynamics
AQ=AU+AW

An isolated system is adiabatic. This means AQ = 0. The
first law in this case yields

0=AU+AW = AW=—AU )

For expansion, AW is positive and hence AU is negative.
This means T, is less than 7; in both the cases.

For the same expansion of volume, the work done in
irreversible process is greater than that in reversible one
because the system has to work against friction etc. Thus

qu’rm-m.sibie = Amarcmﬂ;!v
= AUm-ewmble > mA[Irva-.»ibte
[from equation (i)]
= AU,orsivie < AU, eversivie
= ATFrrever-\mle = AT:-«F(U:UM«
= 7} irroversible T [ reversible

(©) w=-PAV=—105[(1x 10 2)—(1 x 107)]
= 9007

(c) For a cyclic process, the net change in the internal
energy is zero because the change in internal energy

does not depend on the path.
reversible path

A B

irreversible path
(a) According to first law of thermodynamics energy can
neither be created nor destroyed although it can be
converted from one form to another.
Note: Carnot cycle is based upon this principle but during
the conversion of heat into work some mechanical energy
is always converted to other form of energy hence this

data violates Ist law of thermodynamics.

23.

24.

26.

27.

28.

29.

(b) The heat required to raise the temperature of body by
1K is called thermal capacity or heat capacity.

{C) Aml He = A]amcﬂHo + A}lyﬂ He
4=T88+ A, H°
Ayygg HE =~ 784 KJmol !

(G]

(1) Forideal gas Uand H are function of temperature.
(2) Compressibility factor for an ideal gasis 1.

(3) C-C,=R

(4) AU =CwvdT for all processes.

() A-Bbond has highest intermolecular potential en-
ergy among the given molecules. Hence, it is strongest
bond and has maximum bond enthalpy.

(189494)

AH = AU + An,RT

90

n=-—=>5mol
18
H,0()==H,0(g)
An=1

41000=AU+1x8.314 =373

= AU =137898.875 1

For 5 moles, AU =37898.87 x5 =189494 ]

(— 326400)

C,H,0H (1) + 0, (g)—20,(g) +3H,0(/);
AH = -327 Kcal

AH = AU+ An,RT

= —327x10° = AU+(=1)x 2 x300

= AU =-327x10° + 600
- AU ==326400 cal

(c) AH = AH,

atomisation vap

+ Bond energy

Hencex>y

30. (-2.70)

AU= 2.1kcal=2.110%cal
Ang =2
AH= AU+ AngRT
=2.1x10°+2x2 %300
2100+ 1200
3300cal
AG= AH-TAS
= 330030020
= 3300- 6000
= -2700 cals
= —2.7kcal
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31. (-192.5) .
C(s)+ 0,(g) » CO(2) ; AH = [nC,dT ()
7
AH°[Cgraphite] =-286.0 kl/mol (i)

1
Hyg)+ 50,e) =~ H,0(g):

AHTH,(g)] = ~393.5kV/mol i)

>
CHi(g) + 5 04(g) = 2C0,(g) + 3H0(g);

AH[C,H, (g)]=-1560 kI/mol ...(iif)

The reaction of formation of ethane is

2C(s) + 3H, (g) =C,H(g)

A/H" of C,Hy(g) =

2x AC"H[CQ‘ apiie] T 3% AH[Hy(g)] - AHY[C,H ()]
=2x(-286.0)+3(-393.5) - (~1560)
=-192.5kJ/mol

32. (¢) L(s)—> L(g)

Heat of reaction depend upon temperature i.c., it varies
with temperature, as given by Kirchoff’s equation,

T
AHp, =AHg + [ AC,dT
T

where AC = C, of product - C, of reactant
AC,=0.031-0.055=~0.024 cal’g

Now, AHy, —AH =AC, (T, -T))

Al gy, = AH = -0.024 (523 -473)

AH g, =24-500.024=22 8 cal/g

33.(a) C-,Hm(l)HIOZ(g)L)?COZ(g)JrSHZO(I)
AH-AU= An RT
An,=no. of moles of product in gaseous state - no. of
moles of reactant in gaseous state.

'.'Ang =—4

oo AH-AU=-4RT
34, (a) Givem:n=3
T,=300; T,=1000
C,=23+001T
The relation between AH and C,; is

36.

37.

38.

After putting all variable values in eq. (i), we get

1000
AH =n | (23+0.01T)dT
300

o01r 1000
:3{23T+‘T}

300

=3[23(1000—300 [+ % (1000>—3002)]

=3[16100+4550]
=3x20650=619507
=61.95kJ

=62kJ

35. (a) Equation (i) can be obtained by adding equations (ii)

and equation (iii)

1
C(graphite) + 3 0,(g) = CO(g): AH®, =y kJ mol ! ...(ii)

1
CO(g) + 3 0,(g) = CO,(g); AH®, =zk] mol!  ...(iii)

C(graphite) + O,(g) — CO,(g); AH®, =x kI mol " ...(i)
AH®, = AH®, + AH®,
x=y+z
15
@ Cﬁl{6(1)+702(g)—) 6C0, (g)+3H,0(!)
15 3

Ay =6-—=~—
¢ 9 B

AH = AU+ An RT
= 73263.9+[—%] x8.314 107> x 298

=-32639 +(-3.71)=—3267.6 kI mol"!
(b) AH=AU+AnRT
2HI (g) — Hy(g) + L(g); An,=(1+1)-2=0
o AH=AU+0
© C +0,(g) — CO,(g):
AH°=-393.5kI/mol™ ...(1)

(graphitc)
1

H(8)+ 30,5 — HO()

AH°=-285.8 kl/mol ™! ...(ii)

CO,(g)+ 2H20(l] ——> CH,(g) +20,(g);
AH? =+890.3 kJ/mol ™! ..(iii)
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39.

40.

41.

42,

c-69

C +2H, (g) — CH(g);
AH=?
(Eq. (i) + Eq. (iii)] + [2  Eq. (ii)] = Eq (iv)
o [AH, + AH] + [2 % AH,] = AH,
[(~393.5)+(890.3)] + [2(-285.8)]

=-74.8 kJ/mol

(graphite)

.(1v)

@ Agg) — A)
AH=AU+An RT
Given, AH=-3RT
Here
Ang=nI7 -n,=0-1=-1
AH=AU+ART
= -3RT=AU-RT
= -3RT+RT =AU
= -2RT =AU
|AH |5 AU |
(¢) In order to calculate the enthalpy change for H,0 at
5°C to ice at -5 °C, we need to calculate the enthalpy
change of all the transformation involved in the process.
(a) Energy change of | mol, H,0 (1), at5°C

— I'mol, H,0(1),0°C
(b) Energy change of I mol, H,0 (1), at 0°C

— L mol, H,0 (s) (ice), 0°C

(c) Energychangeof 1 mol, ice(s), at 0°C

— 1 mol,ice(s),~5°C
Total AH
=C, [H,0 ()] AT+AH freezing + C, [H,0 ()] AT
=(75.3 Jmol ' K1) (0-5)K + (=6 % 10* Tmol ')

+(36.8 J mol™! K™y (-5-0)K

AH=-6.56 kJ mol ! (exothermic process)

So, AH=6.56 kI mol .

() Given

C(s)+ Oy(g) > CO,(g); AH=-393.5kImol ! o)
1

COlg)+ 5 0,e)> CO,(gh AH=-2835kImal ' (i)

.. Heat of formation of CO =eq" (i) —eq" (ii)
-393.5-(-283.5)

=-110kJ
() InCH_.4xBE, ;=360 kJ/mol
:. BE =90 kJ/mol

(-

43,

44,

45,

+6xBE =620 kJ/mol

InCH.BE

*. BE,_¢,=80kl/mol

(C-H)

~_80x10°
€0 6.023x10%

he

. BE,

Now, £=

.

3 6.626x1074 x3x10% x6.023x10%

80x10°
=149 x10%m (o 1nm=10"m)
%=1.49 x 10°nm
CoH50H() +30,(g)—> 2C0O,(g)+3H,0())
Bomb calorimeter gives AU of the reaction
Given, AU=-1364.47 kI mol !

B

Aug= 1
AHZAU-!-AngRT
_ —1364.47—IX8'314X298
1000

= 1366.95 kJ mol-!
© Given %Nz +%H2 ——NH,;

A¢H =—-46.0kI/ mol

H+H=—=H,; AH = 436 kI / mol

N+N==N,:A;H=-712k]/mol

A,.I-J(Nl-g):%AHN,N % AHy_yy — 3AHy_

46~ (712)+ 2(436) - 3aHy_y
3AH, ;= 1056
AHy_y =352 kI / mol

() To calculate average enthalpy of C — H bond in
methane following informations are needed

(i) dissociation energy of H, i.e.
%Hz (g) —— H(g); AH = x(suppose)
(i) Sublimation energy of C(graphite) to C(g)
Cgraphitey ——>C(g); AH = y (Suppose)
Given
Cgraphite) + 2Ha(g)—— CHy(g):

AHg = —74.9 kJ mol ™!
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46.

47.

48.

49.

(¢) Given

Hy(g) + %Oz(g) —H,0();

AH® =-285.9kJ mol ! (i)
Hy(g)+ % 05(g) — H,0(g):

AH® =-241.8 kI mol! )
We have to calculate

H,O(/)—> H,0 (g) ; AH =7

On substracting eqn. (i) from eqn. (i) we get
H,O(/) —> H,0(g) ; AH° = 241.8 - (- 285.9)

=44.1 kI mol !

() Applying Hess’s Law

AHo =AW H +%Adi55}l HIEA+EA+ Ay H

—617=161+520+77+E.A.+(-1047)

E.A.=—617+289=-328kI mol ™"
... electron affinity of fluorine
=-328 kJmol!

@

@ Na(@) 1305 +N:0e)
N=N(g) +%(o -0)>N-= N -0()

A¢H® = [Energy required for breaking of bonds]
—[Energy released for forming of bonds]

1
= (AHyy +38Ho o — (AHy.y + AHy o)
z(946+%x498)—(418+607) =170 kJ mol™!

Resonance energy = observed A H — calculated A H°
82-170=-88 kJ mol !

@ AH= AU+ An RT

For the reaction Ar;g =12-15=-3

AH - AU=-3 x 8314 x 300
= - 7482.6 J mol™!
(@ HCl —— H" + CI” (i)
Strong acid  (Complete ionisation)
NH,OH —= NHj + OH~ (i)
Weak base AH = x kJ mol™!
H*+OH —— H,0 (i)

52.

53.

54.

55.

Chemistry

AH = -55.90 kJ mol !

(from neutralisation of
strong acid and strong base)
From equation (i), (ii) and (iii)
NH,OH +HCl — NH; +Cl” + H,0
AH = -51.46 kI mol !

X+ (- 55.90)=-51.46

x=-151.46 + 55.90

= 4.44 kJ mol™!

. Enthalpy of ionisation of
NH,OH = 4.44 kI mol!
(b) C,HsOH() +30,(g)—>2C0,(g)+ 3H,0(1)
Ang =i F=r]
AU =AH —An,RT

=—1366.5—[(~1)x8.314x300]

10°

=-1366.5+ [( 1)x 4, 300}

=-1366.5+0.8314 x3=-1364kJ

@ 4NO,(g)+02(g) = 2N05(2) A H=~111KJ
N

AH' S
2N,05(s) 7

AH =AH-54

=-111-54
165kJ
() N, +3H,——2NH;  AH =2x-46,0kJmol!
Let x be the bond enthalpy of N — H bond then
[Note : Enthalpy of formation or bond formation enthalpy
is given which is negative but the given reaction involves
bond breaking hence values should be taken as positive.]
AH = Z Bond energies of reactants
— X Bond energies of products

2x—46="TI12+3x(436) - 6x—92=2020-6x

6x=2020+92

6x=2112

x=-+352kJ/mol

@ H,0() —H'(aq.) + OH (aq.);
AH=57.32kJ s(l)
Ha(g) +30()——H00)

AH=-286.20 kJ .. (i)
By adding equation (i) & (i) we get,
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57.

59.

60.

c-71

Hz(g)+%(02)——>H+(HQ)+OH_(HQ)

AH=5732-2862=-228.88kJ
Here AH® of H' (aq.) =0
LA of OH =-228.88 k]

(b) The energy involved in the conversion of

1
ECI},(B) to CI™ (aq) is given by

1 8 ’ s
AH =—AgigHr, + AcgHer + ApyaHley

Substituting various values from given data, we get

AH= (%x z40)+ (-349)+(-381)

=(120-349-381)=—610 kI mol !
(d) Given AH=41%kJ mol"'=41000 Jmol !
T=100°C=273+100=373K
H,0()——H,0(g)
An=1-0=1
AU=AH - AnRT=41000— (1 x 8.314 % 373)
=37898.88 Tmol ' = 37.9 kimol ™!

(¢) The standard enthalpy of formation of CH, is given
by the equation :

C(s) + 2H (g) ——CH 4 (g)
Hence, dissociation energy of hydrogen and enthalpy of
sublimation of carbon is required.
@ 1,(s)+ Cly(g) —— 2ICl(g)

AH=[AHpy > 1y + AHy + AHgy o] - 2[AH; ]

(s) (g)

=62.76+151.0+242.3-2x211.3=33.46

AH(IC1) = % =16.73 kI /mol

(d) For the reaction,
1
Cls)+ 502 (g)—CO(g)

AH=AU+ AngRTorAH——AU:AngRT

1
Ang =l-===:
Iig 3 2,

AH- AU:%X 8.314x 298
=1238.78 J mol !

67. (a) Final temperature=

®) AH =AU +An,RT for
N, +3H; ——> 2NH;
An =2-4=-2
g
S AH=AU-2RT
or AU=AH+2RT .. AU>AH

™ %XZ +%Y2 — XY ,AH=(-200)J

Let x be the bond dissociation energy of X,. Then
AHp =-200= %AHX,_( + %AI-I)J,); AH,_,
~400 = x+0.5x - 2x = —0.5x

o e T il
0.5

(In the question paper, this option was not mentioned. So the
answer has been marked *N7)

@ (@)C+0, == C0,, AH=-393.5kJmol"!
(ii) CO+ % 0, = CO,,AH=-283.0kImol'
Operating (i) - (ii), we have

C%o2 - CO AH=-110.5 kJmol ™!

(¢) CH,=CH, (g) +H,(g) - CH,CH,
Enthalpy change = Bond energy of reactants — Bond
energy of products.

AH=(C=C)+4(C—H)+ 1 (H-H)~ 1 (C-C) —6(C—H)
=1(C=C)+ 1 (H-H)~ 1 (C-C)-2(C-H)
=615+435-347-2x 414 = 1050~ 1175
=_125KkJ.

(b) Enthalpy change for a reaction does not depend upon
the nature of intermediate reaction steps.

66. (a) Asystem at higher temperature has greater entropy

(randomness). S and AS are related with T as:

S; :I(;Y nC’l-dT AS= ’[%

Thus both S and AS are function of temperature.

T, +T,

et T,>T,

C dT
S:d_q:_"
T T

sod
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68.

69.

. AS=C, ln(E)
T

. - T +T, T+T,
5 A _cpln(T}}mp m(ﬁ

2
o] T
P 4TT,

(d) In the process of synthesis of ammonia from N, and
H,, number of moles decreases which implies that the
change in entropy will be negative.

N,(g) + 3H,(g) == 2NH,(g)

@ H,0(s)——H

; O(f) ——H,0(%)
apk A% 3 43

2
273K 2 3mK

—— H0(g)——H,0(g)
e U T2 Y
AHfI[S
A= a7
334 | 55
ET

[373}
=42xIn 7

=4.2x2303 xlog373-1og273

—42%2.303%2.572—2.436
=131
AH,, 2491
AS,= 2 - 668
3T 3 373 0

7
AS,=mCln T;

[383]
=2xlnl3m

=2x%2.303 < log 383 —log 373
=2x2.303x2.583-2.572
=0.05
Total entropy change
AS=1.28+6.68+1.31+0.05
=926kl kg 'K

70.

1.

73.

74.

(W]

(a) When diamond is converted into graphite (it is heated
to 1500°C) entropy is increased, AS > 0

(b) When pressure increases then molecules of gas will
come closer and intermolecular distance decreases, so
entropy will also decrease, AS<0

(c) When we increase the temperature of a gas then
randomness is increased as the kinetic energy gained by
molecules. So, AS>0

(d) H, moleculeis converted into atoms, the no. of particles
increases. Thus entropy will increase, AS> 0

() Given, Cﬂ= 10 cals at 1000 K

7,=1000K. 7,= 100K

m=32g

AS=7

at constant pressure

AS=C,n
o

7.
=2.303% C, log -2
P e TI

100
=2303 % 10log o

=-23.03 cal deg™!
) AS°=S°cq, +2x5%,0 —[Scn, +2x5h,

—(213.6+2%69.9)— (186.2+2 205.2)
=-242.8JK 'mol ™.
A i
o AH_03M4

AS=—:1 T = = 0.
@ T AS  0.836

(M) For isothermal process (AT = 0)

B
AS=Rln—t=§3141n2
153
=8.314 x0.693 =5.76
(¢) For a reaction to be at equilibrium AG® = 0. Since
AG® =AH® - TAS® so at equilibrium AH® — TAS®=0
or AH°=TAS®
For the reaction
1 3
Ex2 +3Y2 —— XY s AHP=-30k]
Calculating AS® for the above reaction, we get

ASOZSO*l:lX60+EX4O:|
2 2

=50 (30+60)=—40 IK!

EBD_8345
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At equilibrium, TAS® =AH®

o T (-40JK1)=-30x 1000J

or

76. (a)

c-73

[ AG® =0]
[+ 1 kJ =1000]]
30x 1000

T=1
40
AG® = AH® — TAS®

=T750K

For a spontaneous reaction AG® <0

or AH°-TAS<0 = T>

=

71.

AH*®
AS®

3
- 179.3x10
160.2

>1117.9K = 118K

T

(- 13538)

From AH® = AU®+ An,RT

AH® = -20x1000-1x8.314 J/mol.K x 298K

AG® = AH®

78. (¢)

79. (d) At315K; AG®=120-

80. (c)

81. (b)

=-22477.571

TAS® = -22477.57 (298 x -30)
=-13538]

Areaction is spontaneous if AG__is negative.

AGsys= AH%- TASm

A reaction will be spontaneous at all temperatures if

AH_is negative and AS_ _is positive.

T

o | w

AG®=120-118.125 = positive
Since AG® is positive then K, < 1.

[Y]<l.

So m
o [X]=[Y)
MgO (s) + C(s) Mg () + CO (g)
For a reaction to be spontaneous
AG<0
AH?-TAS°<0

AH®

AS°

=>T>

. 491.1x1000
198
T>24803K
AG°=A-BT
A and B are non-zero constants
. AG®=AH°-TAS°=A-BT
.. Reaction will be endothermic if AG®> 0.
Hence, A>0andB <0.

T

82.

83.

84,

85.

(¢) AH=200Jmol!
AS =40 JK-" mol™!

For spontancous reaction,
AG<0
AH-TAS <0; AH<TAS

AH 200
— <T; = <T
AS 40
5<T

So, minimum temperature is 5 K
(@) From thermodynamics relation.
AG°=-RT /nK
AH® ~TAS®*=RT {nK
AH® TAS®
RT RT
AH®  AS°
+
RT R
For exothermic reaction, AH® = -ve

=/mK

or iInK=-—

o

A
=+ve
R

slope =

So from graph, lines should be A & B.
AGpen = ApGO(vapour) ~ApG°(liquid)

AGY,, =103-100.7 = 2.3 keal/mol =2300 cal/mol

o
™>n

AGY, =

xn RT In Kp(Kp = \fap)

2300 cal/mol =-2 cal/mol/K > 500 K % In Kp
In Kp ==23

log,, Kp: 1

Kp=Amilog-~ 1=0.1atm

.. Vapour pressure of liquid ‘S” at 500 K is

approximately equal to 0.1 atm.

(1)  2Fe,04(s) —> 4Fe(s) + 30, (g);

AGe=+1487.0 k) mol !

2CO(g) +O4(g) — 2CO,(g);

A G°=-5144kJ mol™!

Multiple reaction (ii) with 3, we get

6CO (g) +30;(g) — 6CO,(g);

AG°=3%x-5144=-1543.2 kJmol™!
When we add reaction (i) and reaction (iii),
we get reaction (iv)

2Fe,04(s) + 6CO (g) — 4Fe (s) + 6C0,(g)

®)

(i)

(i)

(iv)

Free energy change, A G° for the reaction will be
1487.0-1543.2=-56.2 kI mol !
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86.

87.

88.

89.

Chemistry

(¢) Inthe reaction Ay =—=2A
Initially, let [A,] = I M and [A] =0M
After 20% dissociation, 80% of A, remains.

80
Ar]=1x—=0.8M
[Az] 100

20%of 1 M is Ix%:o.l [A]=2x02=04M
The equilibrium constant,

2
g AT

B (LY
A’ 4

081

AG® =-RTInK = -8.314 JK ' mol™! x320K xIn0.2

=4281J/mol
b) AH= nCpAT= 0 means AH constant.

v, .
AS =nRIn A 20 ASincreases.
(d AG=AH-TAS
For a spontancous reaction AG = —ve
which is possible when both AH and AS are positive at
high temperature and hence the reaction becomes
spontaneous.
(€) AG°=AH"-TAS®

- RTInK =AH® - TAS®
AH®-TAS®

RT

InK= -

90.

91.

92.

93.
94.

95.

(b) Atequilibrium AG=0
Hence, AG=AH-TAS=0

SLAH=TAS or T, _AH
¢ AS

For a spontaneous reaction
AG must be negative which is possible only if AH < TAS

or T>£: T,=<T
AS

(b) Spontaneity of reaction depends on tendency to
acquire minimum energy state and maximum randomness.
For a spontancous process in an isolated system the
change in entropy is positive.

(a) For spontaneous reaction, dS > 0 and dG should be
negativei.e. <0.

(©) AG°=-RTInK or —AG°=RTInK,

(b) AG=AH-TAS

For an endothermic reaction,

AH=+veand at low temperature AS = +ve
Hence AG = (+) AH-T(+)AS

andif TAS<AH
AG =+ve

(at low temp)

(non spontaneous)
But at high temperature, reaction becomes
spontaneous i.e. AG = -ve
because at higher temperature TAS > AH

(d) AH negative shows that the reaction is spontaneous.
Higher negative value for Zn shows that the reaction is
more feasible.
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