Thermodynamics

m Thermodynamic Terms

1.

Which of the following are not state functions?
() g+w (1) q
() w (IMH-TS
@ (), (Ipand (1) (b) (1) and (111)
() (hand (1V) (d) (11, (1) and (1V)
(2008)
In a closed insulated container a liquid is stirred
with a paddle to increase the temperature, which of
the following is true?
(@AE=W=0,g=0 () AE=W=g=#0
(C)AE=0,W=g#0(d) W=0,AE=q=#0
(2002)
Which of the following is the correct equation?
(@) AU =AW+ AQ (b) AU=AQ-W
(c) AW =AU+ AQ (d) None of these (1996)

m Applications

4.
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The correct option for free expansion of an ideal gas
under adiabatic condition is
(@ g=0,AT=0andw =0
(b) g=0,AT<0andw >0
() g<0,AT=0andw=0
(d)yg>0,AT>0andw>0 (NEET 2020)

Under isothermal conditions, a gas at 300 K expands
from 0.1 L to 0.25 L against a constant external
pressure of 2 bar. The work done by the gas is
[Giventhat 1 L bar=100J]

(@) 30J (b) -30J

(c) 5KJ (d) 25 J (NEET 2019)

Reversible expansion of an APV T
ideal gas under isothermal T '\\
and adiabatic conditions are .
as shown in the figure.

AB — Isothermal expansion ———

AC — Adiabatic expansion

.
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10.

11.

12.

Which of the following options is not correct
"

(a) ASisothermal >Asadiabatic
0) T,=7,
(C) Wisothermal > Wadiabatic

(Odisha NEET 2019)
An ideal gas expands isothermally from 102 m3
to 102 m® at 300 K against a constant pressure of
10°N m2. The work done on the gasis

(a) +270kJ (b) 900
(c) +900 kJ (d) ~900KkJ
(Odisha NEET 2019)

A gas is allowed to expand in a well insulated
container against a constant external pressure of
2.5 atm from an initial volume of 2.50 L to a final
volume of 4.50 L. The change in internal energy AU
of the gas in joules will be

(a) —5001J (b) 505
(c) +505] (d) 1136.25J
(NEET 2017)

Equal volumes of two monatomic gases, A and Bat
same temperature and pressure are mixed. The ratio
of specific heats (C,/C,) of the mixture will be

(@) 0.83 (b) 1.50

(c) 3.3 (d) 1.67 (2012)
Which of the following is correct option for free
expansion of an ideal gas under adiabatic condition?

(@)g=0,AT#0,w=0(b) g#0,AT=0,w=0
(©) §=0,AT=0,w=0(d) §=0,AT <0, w#0
(2011)

Three moles of an ideal gas expanded spontaneously
into vacuum. The work done willbe

(a) infinite (b) 3Joules

(c) 9Joules (d) zero. (Mains 2010)
Assume each reaction is carried out in an open
container. For which reaction will AH =AE?

(8) 2CO )+ Oy —> 2C0Oy,
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19.

20.

21.
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(€) Cy + 2H,0(,) — 2H,y + CO
(d) PClgg)— PClyigy+ Cly, (2006)
The work done during the expansion of a gas from a
volume of 4 dm®to 6 dm?® against a constant external
pressure of 3atmis (1 L atm=101.32 J)

2(8)

(@ -61J (b) —608J

(c) +304J (d) —304J (2004)
For the reaction,

C3H8(g) + soz(g) - 3C02(g) +4H,0,

at constant temperature, AH — AE is

(@) +RT (b) -3RT

(c) +3RT (d) -RT (2003)

The molar heat capacity of water at constant
pressure, C, is 75 J K- mol™. When 1.0 kJ of heat is
supplied to 100 g of water which is free to expand,

the increase in temperature of water is

(a) 1.2K (b) 2.4K

(c) 48K (d) 6.6 K (2003)

When 1 mol of gas is heated at constant volume
temperature is raised from 298 to 308 K. Heat
supplied to the gas is 500 J. Then which statement is
correct?

(@) g=w=500J,AE=0
(b)g=AE=500J),w=0
(€)g=w=500J,AE=0
(dAE=0,g=w=-500J
For the reaction,

C,H;OH,) + 30, — 2CO,,
which one is true?

(@ AH=AE-RT (b) AH = AE + RT

(c) AH=AE+2RT (d) AH = AE — 2RT(2000)

In an endothermic reaction, the value of AH s
(@) negative (b) positive
(c) zero (d) constant.

(2001)

+3H,0,

(1999)

One mole of an ideal gas at 300 K is expanded
isothermally from an initial volume of 1 litre to
10 litres. The AE for this process is

(R =2cal mol'tK™?)

(@) 1381.1cal (b) zero

(c) 163.7 cal (d) 9L atm (1998)

During isothermal expansion of an ideal gas, its

(@) internal energy increases

(b) enthalpy decreases

(c) enthalpy remains unaffected

(d) enthalpy reduces to zero. (1994,1991)

For the reactionm, N, + 3H, [L1 2NH;, AH="?
(@) AE+2RT (b) AE —2RT

(c) AH=RT (d) AE-RT (1991)

22,

45

If AH is the change in enthalpy and AE, the change

in internal energy accompanying a gaseous reaction,

then

() AH is always greater thanAE

(b) AH < AE only if the number of moles of the
products is greater than the number of moles of
the reactants

(c) AH is always less thanAE

(d) AH<AE only ifthe number of moles of products
is less than the number of moles of the reactants.

(1990)

m Enthalpy Change, A H of a Reaction -

23.

24,

25.

26.

Reaction Enthalpy
Three thermochemical equations are given below :
(i) C +0 —5CO ;AH°=xk]Imol?
(graphite) 2(g) 29)

.. 1 o _
(i) C(graphite) + _202(g) - Co(g); AH =y kJ mol™*
1
(”l) CO(g) + _202(8) —> COZ(g)’ ArHo =z kJ m0|71

Based on the above equations, find out which of the
relationship given below is correct.

(8) z=x+y (b) x=y+z
(€) y=2z—x d) x=y-z
(Karnataka NEET 2013)

Standard enthalpy of vaporisation A,,,H® for water
at 100°C is 40.66 kJ molX. The internal energy of
vaporisation of water at 100°C (in kJ mol ™) is

(a) +37.56 (b) —43.76
(c) +43.76 (d) +40.66
(Assume water vapour to behave like an ideal gas)
(2012)
Consider the following processes :
AH (kJ/mol)
1/2A —B +150
3B—>2C+D 125
E+A—2D +350
For B+ D — E + 2C, AH will be
(a) 525 kJ/mol (b) —175kJ/mol
(c) —325 kd/mol (d) 325 kJ/mol
(Mains 2011)

The following two reactions are known

Fe,04) + 3CO(,) — 2Fe() + 3CO4); AH=-26.8 kJ
FeO + CO) —> Fey + COy AH=-16.5K]

The value of AH for the following reaction

Fe,05) + CO(,) — 2Fe0 )+ COyy is

(@) +10.3kJ (b) —43.3 KJ

(c) —10.3KkJ (d) + 6.2 ki (Mains2010)
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27. For which one of the following equations is

AH? eqciion €qUal to AH®for the product?

() Nyg) + Oy > N Os( )

(€) Xee) + 2Py —> XeFy(

(d) 2COy)+ Oy — 2C0y, (2003)
28. Heat of combustion AH for C,, Hy and CH,,

are —94, —68 and —213 kcal/mol, then AH for
Ci* 2Hy = CHy,y Is

(a) —17 kcal (b) =111 kcal

(c) —170 kcal (d) —85 kcal (2002)

29. Change in enthalpy for reaction,
2H,0, — 2H,0,, + Oy
if heat of formation of HZOZ(I) and H,O, are —188
and —286 kJ/mol respectively, is
(@) —196 kdJ/mol (b) +196 kJ/mol

(c) +948 kd/mol (d) —948 kd/mole  (2001)
30. Enthalpy of CH,+ 1/2 O, — CH,OH is negative. If

enthalpy of combustion of CH, and CH,OH are x
and y respectively, then which relation is correct?

(@) x>y (b) x <y
(c) x=y (d) x>y (2001)
31. In the reaction : S + 3/20 —> SO + 2x kcal and

SO+1220 —»SO+y 3

2 3 kcal the heat of formation
of SO2 is
(@) (2x+y) (b) (x-y)
©) (x+y) (d) (2x—y) (1999)

32. Giventhat C + O,— CO,, AH®° =—x kJ
2CO + 0,— 2C0O, AH°=-y K]
The enthalpy of formation of carbon monoxide will

(&) 5= (b) 2x -y
(©) y-2x () 2 (1997)

33.
If enthalpies of formation for C,H,,, COy, and

H,0O( at 25°C and 1 atm pressure are 52, — 394
and — 286 kJ/mol respectively, then enthalpy of
combustion of C,H, ) will be

(a) +141.2 kJ/mol (b) + 1412 kJ/mol

(c) — 141.2 kd/mol (d) — 1412 kd/mol (1995)

m Enthalpies for Different Types of

Reactions
34. The bond dissociation energies of X , Y and XY are
2 2

inthe ratio of 1,: 0.5 : 1. AH for the formation of XY
is—200 kJ mol . The bond dissociation energy of X
will be

(a) 200 kJ mol™
(c) 800kJ mol™

(b) 100 kJmol*
(d) 400 kJmol*

(NEET 2018)

35.

36.

37.

38.

39.

40.

The heat of combustion of carbon to CO, is

—393.5 kJ/mol. The heat released upon formation of

35.2 g of CO, from carbon and oxygen gas is

(@) +315kJ (b) — 630kJ

(c) -3.15kJ (d) —315kJ (2015)

When 5 litres of a gas mixture of methane and

propane is perfectly combusted at 0°C and

1 atmosphere, 16 litres of oxygen at the same

temperature and pressure is consumed. The

amount of heat released from this combustion in

kJ (AH g, (CH,) = 890 kJ mol 2,

AH oy, (C5Hg) = 2220 kJ mol™) is

(@) 38 (b) 317 (c) 477 (d) 32
(Karnataka NEET 2013)

Enthalpy change for the reaction,

4H o) > 2Hy,) is ~869.6 kI

The dissociation energy of H — H bond is

(@) —434.8kJ (b) — 869.6kJ

(c) +434.8kJ (d) +217.4kJ

From the following bond energies:

H— H bond energy  :431.37kImol*
C= ener :606.10 kJ mol
C—C on energy

: 336.49 ki mol
C—Hbondenergy  :410.50 kJmol™
Enthalpy for the reaction,

(2011)

I|-| H HH
? C+H H—s H—GC—H—
H H HH

will be

(a) —243.6kI mol!
(c) 553.0kJ mol!

(b) — 120.0 kJ mol !

(d) 1523.6 k] mol !
(2009)

Bond dissociation enthalpy of Hy, Cl; and HCI are

434, 242 and 431 kJ mol* respectively. Enthalpy of
formation of HCl is

(a) —93 kI mol? (b) 245 kJmol*

(c) 93kJImol* (d) —245 kJ mol* (2008)

Consider the following reactions:
(i) H* +OH  =HO,AH=-XkImol*
(aq) (ﬂq) 2() 1 1
=-X3kJ moI
AH =+X, kI mol™*
Enthalpy of formation of H,0, is
(@) +X5kImol™? (b) -X, kJ mol !

(c) +X;kImol™? (d) —X,kImolt.  (2007)
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41. Given that bond energies of H — H and CI — Cl are
430 kJ mol™ and 240 kJ mol* respectively and AH;
for HCI is —90 kJ mol %, bond enthalpy of HCI is
(a) 380 kJ mol™* (b) 425 kJmol*

(c) 245kJ mol™ (d) 290k mol*  (2007)

42. The absolute enthalpy of neutralisation of the
reaction :
M0 E2h iy MECTan * HaOp il be
(b) greater than —57.33 kJ mol™*
(c) less than —57.33 ki mol™
(d) 57.33kJ mol™* (2005)

43. If the bond energies of H-H, Br-Br, and H-Br are
433, 192 and 364 kJ mol " respectively, the AH® for

ths reggtigd Haeo + Bl ) 3FSy's

(c) +261KkJ (d) ~103 kJ

m Spontaneity

44. For the reaction, 2Cl ) — Cly,, the correct option is

(@ A H>0andAS>0(b)AH>0and A,S<0

(c)A,H<O0andA,S>0(d)A,H<0andA,S<0
(NEET 2020)

45. Inwhich case change in entropy is negative?

(@) 2H ) = Hy

(b) Evaporation of water

(c) Expansion of a gas at constanttemperature

(d) Sublimation of solidto gas (NEET 2019)

46. For a given reaction, AH = 35.5 kJ mol*and
AS =83.6 J K" mol L. The reaction is spontaneous

at (Assume that AH and AS do not vary with
temperature.)

(@) T>425K
(c) T>298K

(2004)

(b) all temperatures

(d) T < 425 K
(NEET 2017)

47. For a sample of perfect gas when its pressure is
changed isothermally from p; to p;, the entropy

change is given .
(@) AS:nRInPE\ () AS=nR |n|(Pz\|
i) F )

[y (pi)

) AS:nRTIn|kp_‘) (d) AS:RTln\\pr

(NEET-I12016)
48. The correct thermodynamic conditions for the
spontaneous reaction at all temperatures is
() AH<0andAS>0 (b) AH<0andAS<0
(c) AH<QandAS=0 (d)AH>0andAS<0
(NEET-I12016)

49.

50.

51.

52.

53.

47

Consider the following liquid-vapour equilibrium.
Liquid = Vapour
Which of the following relations is correct?

dinp —AH dInP _AH,
e
© dinc X, @ i ;ATﬂ
iT2  RT dT RT
(NEET-I 2016)

Which of the following statements is correct forthe

spontaneous adsorption of a gas?

() AS is negative and, therefore AH should be
highly positive.

(b) AS is negative and therefore, AH should be
highly negative.

(c) AS is positive and therefore, AH should be
negative.

(d) AS is positive and therefore, AH should also be

highly positive. (2014)
For the reaction, X,0,¢ —,2XOy
AU = 2.1 kcal, AS = 20 cal K at 300 K
Hence, AG is
(a) 2.7 keal (b) — 2.7 kcal
(c) 9.3 keal (d) —9.3 keal (2014)

A reaction having equal energies of activation for
forward and reverse reactionshas

(@ AH=0 (b) AH=AG=AS=0

(c) AS=0 (d) AG =0 (NEET2013)
In which of the following reactions, standard
reaction entropy change (AS°) is positive and
standard Gibbs energy change (AG°®) decreases
sharply with incieasing temperature?

@ C +~0 —>CO

(graphittﬂ1 2 29 ®

(0) €O+, Oy 29)
(c) Mg + 1 O —>MgOo
1O 2 A o)

(d) = Cgraphitey T = Oy >~ CO

2 2 2

— CO

2 (2012)

54. The enthalpy of fusion of water is 1.435 kcal/mol.

55.

The molar entropy change for the melting of ice at
0°Cis

(a) 10.52cal/(mol K)
(c) 5.260 cal/(mol K)

(b) 21.04 cal/(mol K)
(d) 0.526 cal/(mol K)

(2012)

If the enthalpy change for the transition of liquid
water to steam is 30 kJ mol™ at 27°C, the entropy
change for the process wouldbe
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(@) 10 JImolt K™
(c) 0.1Jmol* K™

(b) 1.0 ) moltK?
(d) 100 J mol K1
(2011)

Standard entropies of X,, Y, and XY;are 60, 40
and 50 J K~ mol respectively. For the reaction
1/2X, +3/2Y, L1 XY, AH=-30kJ, tobe 4
equilibrium, the temperature should be

(@) 750K (b) 1000K

(c) 1250K (d) 500 K (2010)

For vaporization of water at 1 atmospheric
pressure, the values of AH and AS are

40.63 kJ mol™ and 108.8 J K™ mol™, respectively.
The temperature when Gibbs’ energy change (AG)
for this transformation will be zero, is

(a) 273.4K (b) 393.4K

(c) 373.4K (d) 293.4 K (Mains2010)

The values of AH and AS for the reaction,

C(olraphite) * COZ(g) - 2CO(g) ) ) )
are 170 kJ and 170 J K2, respectively. This reaction
will be spontaneous at

(@) 910K (b) 1110K

(c) 510K (d) 710K (2009)
For the gas phase reaction,

PClg ) L1 PCly )+ Clyy

which of the following conditions are correct?

(8 AH<0and AS<0 (b) AH>0andAS<0

(ccAH=0and AS<0 (d)AH>0andAS>0
(2008)

Identify the correct statement for change of
Gibbs’ energy for a system (AGgysem) at constant

temperature and pressure..
(@) 1f AG <0, the process is not spontaneous.

system
(P’ [f AGgysem > 0, the process is spontaneous.

AGgyem = 0, the system has attained
equilibrium.
(d) If AGgystem = 0, the system is still moving in a
particular direction. (2006)
The enthalpy and entropy change for the reaction:

Br,,+CL, ,— 2BrCl
20) 2 @) -1 -1

are30 kImol and105JK  mol respectively.
The temperature at which the reaction will be in
equilibrium is

(@) 300K (b) 285.7K

(c) 273K (d) 450K (2006)

Which of the following pairs of a chemical reaction
is certain to result in a spontaneous reaction?
(a) Exothermic and increasing disorder

63.

64.

65.

66.

67.

68.

69.

(b) Exothermic and decreasing disorder
(c) Endothermic and increasing disorder

(d) Endothermic and decreasing disorder  (2005)

A reaction occurs spontaneously if

(@) TAS <AH and both AH and AS are +ve

(b) TAS>AH and AH is +ve and AS is —ve

(c) TAS > AH and both AH and AS are +ve

(d) TAS = AH and both AH and AS are +ve (2005)

Standard enthalpy and standard entropy changes
for the oxidation of ammonia at 298 K are

—382.64 kJ mol* and —145.6 J mol?, respectively.
Standard Gibbs’ energy change for the same reaction
at 298 Kiis

(@) —221.1kJ mol™
(c) —439.3kJ mol™

(b) — 339.3 kJ mol™*
(d) —523.2 kJ mol™
(2004)

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

@) ASsystem +AS
(b) ASsystem_ASsurroundings
(6) ASygem> 0 Ny

(d) ASsurroundings >0 Only' (2004)
What is the entropy change (in J K mol™?) when
one mole of ice is converted into water at 0°C? (The
enthalpy change for the conversion of ice to liquid
water is 6.0 kJ mol*at0°C.)

(a) 20.13 (b) 2.013

(c) 2.198 (d) 21.98 (2003)

The densities of graphite and diamond at 298 K are
2.25 and 3.31 g cm™®, respectively. If the standard
free energy difference (AG®) isequal to 1895 Jmol 2,
the pressure at which graphite will be transformed
into diamond at 298 K is
(@) 9.92 x 108 Pa

>0
>0

surroundings

(b) 9.92 x 107Pa

(c) 9.92 x 10 Pa (d) 9.92 x10°Pa  (2003)
Unit of entropy is

(@) JKtmolt (b) Imol?

(¢) 'K tmol? (d) JK mol? (2002)

2 moles of ideal gas at 27°C temperature is expanded
reversibly from 2 lit. to 20 lit. Find entropy change.
(R =2 cal/mol K)
(@) 92.1

(c) 4

(b) 0

(d) 9.2 (2002)

70. PboZ_) Pbo, AGZQB < 0

SN0, — SNO; AGye5>0
Most probable oxidation state of Pb and Sn will be
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(a) Pb*, Sn* (b) Pb*, Sn*
(c) Pb?*, Sn* (d) Pb*,Sn*
71. Cell reaction is spontaneous when
(@) AG°isnegative (b) AG® ispositive
() AE°.4ispositive  (d) AE®qiSnegative.
(2000)
72. ldentify the correct statement regarding entropy.

() Atabsolute zero of temperature, the entropy of
all crystalline substances is taken to be zero.

(c) At absolute zero of temperature, entropy of a
perfectly crystalline substance is taken to be
zero.

(d) At 0°C, the entropy of a perfectly crystalline
substance is taken to be zero. (1998)

(2001)

Gibbs Energy Change and Equilibrium

73. Following reaction occurring in an automobile
2CgH gy + 250, — 16CO, ., + 18H,0,,
The sign of AH, AS and AG would be

(b) Atabsolute zero of temperature, the entropy of a (@) — + + (b) +, +,—
perfectly crystalline substance is+ve. (c) +,— + (d) —+,— (1994)
( ANSWER KEV )
\ MINJVVYYLINVTNLT ]
. () 2. @ 3. () 4 (@ 5 () 6. (d 7. () 8 () 9. (d 10. (c)

1. (d) 12. () 13. () 14. (b)) 15. (b)) 16. (b) 17. (@) 18. (b) 19. (b) 20. (c)
21. (b) 22. (d) 23. (b) 24. (@ 25. (b) 26. (d) 27. (©) 28. (a) 29. (a) 30. (a)
3. (d) 32. (@) 33. (d) 34. (c) 35. (None) 36. (b) 37. (c) 38. (b) 39. (a)
40. (d) 41. (b) 42. (¢) 43. (d) 44. (d) 45. (a) 46. (a) 47. (b) 48. (ac) 49. (b)
50. (b) 51. (b) 52. (a) 53. (@) 54. () 55. (d) 56. (a) 57. (c) 58. (b) 59. (d)
60. (c) 61. (b) 62. (a) 63. (c) 64 (b) 65. (a) 66. (d) 67. (a) 68 (a) 69. (d)
70. (d) 71 (@ 72. () 73. (d)

2 Hints & Explanations j

1. (b) : State functions or state variables are those | As internal energy of an ideal gas is a function of

Get More Learning Materials Here : &

which depend only on the state of the system and not on

how the stat h d.
g+ w= AL (internal energy)]

H-TS=G (free energy) State functions

Path function depends on the path followed during a
process. Work and heat are the path functions.

2. (a) : The mathematical form of first law of
thermodynamics : g = AE +W

Since the system is closed and insulated, g = 0
Paddle work is done on system. .. W = 0.
Temperature and hence internal energy of the system
increases. .. AE # 0.

3. (b): This is the mathematical relation of first law of
thermodynamics. Here AU = change in internal energy;
AQ =heat absorbed by the system and W = work done by
the system.

4. (a) : For free expansion of an ideal gas, P,, =0,
w=-P,AV=0

For adiabatic process, g = 0

According to first law of thermodynamics,
AU=g+w=0

temperature, AU =0, .. AT=0

5. (b) : Expansion of a gas against a constant external
pre svseurrseibfearr)lre)rcrgver5|ble process. The work done in an
=— Py AV =—P (V,— V) =-2(0.25-0.1)
=-2x%x0.15Lbar=-0.30%x100J=-301J

6. (d) : For an ideal gas, internal energy is a function
of temperature. Final temperature i.e., T for adiabatic
process is less than its initial temperature i.e., T,

Te<T,

(b) : w=-PdV =-P(V,-V})
~10°Nm?2(102-103) m*=-10°N m2(9 x 10 %) m®
-9 x 10°N m=-900] @Q@1J=1Nm)
8. (b):w=-P AV =-25(4.50-2.50)
=-5Latm=-5x101.325J =-506.625J
AU=g+w
As, the container is insulated, thus g = 0
Hence, AU = w = - 506.625 ]

9. (d) : gpfor mopoatomic gas mixture of same
volume="R,C="R

TRNTEEN

2 Vo2
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c R
. CP:§—=—=1.67
v 2
°R

10. (c) : For free expansion of an ideal gas under

adiabatic condition g =0, AT =0, w = 0.

For free expansion, w = 0, adiabatic process, g = 0

AU=g+w=0

Internal energy remain constant means AT = 0.

11. (d): Since the ideal gas expands spontaneously into

vacuum, P, = 0, hence work done is also zero.

For (B« AL AR AT

An 29 2(9) (8)
=2-(1+1)=0.ie. AH=AE

13. (b) : Work = —P,,, x volume change

=-3x(6-4)x101.32=6x 101.32

=-607.92J) ~—-608 J
14. (b):CH +50 —>3CO +4HO

An 38(3) 23) 2(3) 2()
¢=3-6=-3
AH = AE + PAV or AH — AE = PAV
AH - AE = AngRT =-3RT
15. (b) : Molar heat capacity = 75 J KX mol*
18 g of water = 1 mole = 75 J K- mol™
1 g of water = EJ K1
1875
100 g of water = > x 100 J K
Q=m-C-AT 181000=100x 2 x AT
or

10 x18 18

= AT = =24K

75

16. (b) : AH = AE + PAV
When AV =0; w = 0.
AH=AE+0or AH= AE
AsAE=g+w,AE=q
In the present problem, AH =500 J,
AH=AE=500J,4=500J,w=0
17.(a) : AH = AE + PAV
also PV = nRT (ideal gasequation)
or PAV=An,RT
An, = Change in number of gaseous moles

AH = AE + An,RT = An,= 2-3=-1
— AH =AE -RT
18. (b) : In endothermic reactions, energy of reactants
is less than energy of products. Thus, E; < Ep.
AH=Ep—Ez=+ve
19. (b) : Change in internal energy depends upon
temperature. At constant temperature, the internal
energy of the gas remains constant, so AE = 0.
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20. (c) : During isothermal expansion of an ideal gas,

AT =l?’=AE+=IQ\7" AH=0

‘+ AH=AE + A(PV) = AE + A(nRT)
AH=AE+nRAT=0+0=0

Change in enthalpy is zero, means its enthalpy remains

same or unaffected.

21. (b) :Ang: 2—-4=-2,AH=AE —-2RT

22. (d): Ifnp <n, An,=n,—n,=-Ve.

Hence, AH <AE.

23. (b): According to Hess’s law, equation (i) is equal to
equations (ii) + (iii) i.e., x =y + z

24. (a) : A,.,H° = 40.66 kJ mol™
T=100+ 273=373K, AE=?

AH:AE+A1?€RT:>AE:AH—AVLI§T

p

A”g = number of gaseous moles of products

— number of gaseous moles of reactants
An,=1-0=1
AE = AH-RT

AE = (40.66 x 10%) — (8.314 x 373)
= 37559 J/mol or 37.56 kJ/mol

25. (b) : Adding all the equations, we get

AH
A—2B 300 kJ/mol
3B—>2C+D -125 kJ/mol
2D - A+E —350 kJ/mol
B+D — E+2C; AH = (300 - 125 - 350)
=-175 kJ/mol
26. (d):FeO +3CO —2Fe +3CO ;
23(s) (¢9] (s) 2(9)
AH =-26.8 kJ ...(I)
FeO()+ COyy— Fe + COyqy; AH=-16.5k]  ..(ii)
Fe,05( + COyy— 2Fe0(,) + CO,y; AH=7? (i)

Eq. (iii) can be obtained as :
(i) — 2(ii) = —26.8 — 2(-16.5) =—26.8 + 33.0 = +6.2 kJ
27. (c) : For (€), AH® caction

= AH®;(XeF,) — [AH(Xe) + 2AH(F,)]
Enthalpies of formation of elementary substances Xe and
F, are taken as zero.
Thus, AH® gagion = AH®s (XeF,)
28. (a) : (i) C(yy + Oyq) = COy; AH;= 94 kcal/mole
(i) 2Hyy+Oy) —> 2H,0(,); AHj;= —68 x 2 kcal/mole
(iii) CHygy + 20,4 — COyqy + 2H,0(y;

AH;; = —213 kcal/mole

(iv) Cyy + 2Hy) > CHy(qy; AH;, =7
By applying Hess’s law, we can compute AHj,.

AH;,= AH;+ AH;;— AH;

= (-94 - 68 x 2 + 213) kcal = —17 kcal
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29. (a) : AH°f= ZH°f (products) — =H
For the given reaction,

2H,0, —> 2H,0, + Oz(g)

=2 x —286 kI mol™t - 2 x (-188) kJ mol*

=-196 kJ mol™*
(a):CH +20 - CO +2H O,AH =—x
§ 4 2 2 2 1

CHLOH + 0, CO,+ 2H,0, AH, =

o
f (reactants)

30.

Subtracting (ii) from (i), we get
CH,+ 1 O, — CH,0OH, AH;=—ve
ie., —x E (—y) =—ve

y—x =—Vve. Hence, x > y.
31. (d):S+ 2§OZ—> SO+ 2x keal

1
SO, + - 0, SOzt ykeal. ..o
By subtracting equation (ii) from (i) we get,
S+ 0,— SO, + (2x —y) kcal
The heat of formation of SOz is (2x — i) kcal/mole.
32. (a) :]-C(s) + OZ(g) —> COZ(g)v AH°® = —x kJ ..............

CO + 2 Oy —> COppgy AH® = -2 K e

By subiracting equation (ii) from (i) we get,
C + 0 —>CO;

s 2 29 ®
AH ooy ¥ _y=2x

I 2h o
33.(d) : C,H, + 30,— 2 CO,+ 2H,0
AH® = AHSroducts - AI_Ioreactamts

=2 % (—~394) + 2 x (—286)— (52 + 0) =— 1412 kJ/mol
34.(c) : Let B.E. of X,, Y,and XY are x k] mol™,
0.5x kJ mol~tand x kJ mol respectively.

E X, + E Y, — XY ; AH =200 k] mol*

2 2

AH = z(B eactants Z(BE) roducts
- —200 =F£F§< (x) +_l X (O.Sx;])d—[l x (x)]

2 2 [
B.E.of X, =x=800kJ mol*
35. (None) : Given :
= Amount of heat released on formation of

44 g CO2 =393.5kJ
Amount of heat released on formation of

35.2 g ofCO, = 3—94?;'5 x 35.2=314.8~315kJ

kJ

Note : —ve or +ve sign considering the reaction is
exothermic or endothermic.
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36. (b) : CH,+ 20,— CO,+ 2H,0
C;Hg+ 50, — 3CO, + 4H,0
No. of moles in gaseous mixture

CH+ CH="=0.22 moles
438 904

No. of moles of O :1—6 =0.71 moles
z2 224

Let x moles of CHg is there in a gaseous mixture so,
number of moles of CsHs would be 0.22 — x. Then moles
of O, consumed,
2x +(0.22 - x)5=0.71or x = 0.13
Total amount of heat liberated

=0.13 x 890 + 0.09 x 2220 = 315.5 kJ

37. (c) : The dissociation energy of H— H bond is

B2 =434.8KJ

2

38. (b) : Forthe given reaction, enthalpy of reaction can
be calculated as
= ¥B.E.(reactants) — XB.E.(products)
=[B.E.c=c)* B.E.(ty 1y + 4 X B.E.c )]

—[B.E.c ¢y + 6 XB.E.c ]
=[606.10 +431.37 + 4 x 410.50]-[336.49 + 6 x 410.50]
= 2679.47 — 2799.49 = ~120.02 kJ mol*

Ay @) : Kot flpy> 2HCl g p Py

reaction )reactants products

= [(B-E)y_nu+ (B.E)gi—cl]l = [2B-Ey_cp]
= 434 + 242 — (431) x 2
AHreaction =-186 kJ

Heat of formation is the amount of heat absorbed or
evolved when one mole of substance is directly obtained
from its constituent elements.

-186 -
Hence, enthalpy of formation of HCl= = ~93 kJ mol™*
40. (d) : The amount of heat absorbed or released

when 1 mole of a substance is directly obtained from its
constituent elements is called the heat of formation or
enthalpy of formation.

Equation (i) represents neutralisation reaction, (iii)
represents hydrogenation reaction and (iv) represents
combustion reaction. 1

Thus, enthalpy of formation of H,O, is —X, kJ mol .
1 1
41.(b) : = H , + = Cl,> HCI
2 2

Alf =2 B'E'(reactants)f X B'E'(PFOdUCts)
== [B.E.4y*+ B.E.ciy] = B.E.tycyy =90
2 2 ?

% (430 + 240) - B'E'(HC|) =90

B.E.c) = i (430 + 240) + 90 = 425 k] mol~*
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42. (c) : MgO is the oxide of weak base and we know
that heat of neutralisation of 1 eq. of strong acid with
strong base is —57.33 kJ/mol.

= With weak base some heat is absorbed in dissociation
of weak base.

= Heat of neutralisation of weak base with strong acid
will be less than —57.33 kJ/mol.

43, (d) :H-H +Br —-Br - 2H - Br
433 + 192 2 x 364
=625 =728
Energy absorbed  Energy released
Net energy released = 728 — 625 = 103 kJ
ie. AH°=-103kJ
44. (d) : In the reaction, 2CkzCly,, the randomness

decreases as 2 moles of Cl ., are converted to 1 mole of
Cly, thus, A,S <0.

nd this is an exothermic reaction, thus, A,H < 0.
45. (a): If An,<0then AS <0
46. (a) : For a spontaneous reaction,
AG<O0ie,AH-TAS<O0

AH

T>

T> %—55 x1000 :424.6\| ~ 425K
{ 836 )
T> 425K

47. (b) : For an ideal gas undergoing reversible

expansion, when temperature changes from T;to Tyand
ressure changes from p;to py,
p '1% Ppl Pr

AS=nC In “+nRIn
P
For an isothermal processf T=T so,In1=0
i f

. AS=nR In*

Py
48. (a, c) : AG=AH - TAS
IfAH<0andAS>0

AG = (—ve) — T(+ve)
then at all temperatures, AG = —ve, spontaneous reaction.

IfAH<0and AS=0
AG = (—ve) — T(0) = —ve at all temperatures.
49. (b) : This is Clausius—Clapeyronequation.

50. (b) : Using Gibbs’-Helmholtz equation,

AG =AH-TAS
During adsorption of a gas, entropy decreases i.e. AS<0
For spontaneous adsorption, AG should be negative,
which is possible when AH is highly negative.

51. (b) : AH = AU + An,RT
Given, AU = 2.1 kcal, An,= 2,
R=2x10%kcal, T=300K
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AH=21+2x2x102x300=3.3 kecal
Again, AG = AH — TAS
Given, AS =20 x 103 kecal K?
On putting the values of AH and AS in the equation, we
get AG=3.3-300x20x10°3

=3.3-6x10%%x 103=—2.7 kcal
52.(a) : AH = (Eu)fr (E,), =
53. (@) : Ciyrapnite) + = Oag) _> ©
11 2
An =1-"=7
8 2 2

As amount of gaseous substance is increasing in the
product side thus, AS is positive for this reaction.

And we know that AG = AH — TAS

As AS is positive, thus increase in temperature will make
the term (—=TAS) more negative and AG will decrease.
54. (c) %Hfus = 1,435 kcal/mol

14351
35107 _ 5 26 cali(mol K)

f us 1, fus 273

55. (d) : We know that AG = AH — TAS

0=AH- TAS 20(,) [ A(I;—| 6) ??stga{%%lltjll H:)(rllfum]

_AH 30x10°

T 300
56. (a) : Giv%? reaction is :
é X2 +2_ Y2|:| XY3

=100J mol 1 k1

Y 5 s e

zts k
PP
= 50— (30 + 60) =—40JK'mol*

At eqU|I|br|um AG® =
AH°® = TAS®

AH°  —30x10%Jmol™t
=750 K

“T= 6= 203K Tmoll

57. (c) : According to Gibbs equation,

AG = AH-TAS
when AG =0, AH = TAS
Given, AH = 40.63 kJ mol~t=40.63 x 10°J mol!

AS=108.8JK* mol- 1

:M: 40.63 x10 _37343K

AS 108.8

58. (b) : For the reaction to be spontaneous, AG = —ve.
Given: AH=170kJ =170 x 10°J,AS=170J K !
Applying, AG = AH — TAS, the value of AG = —ve only
when TAS > AH, which s possible only when T=1110 K.
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AG=170x 10— (1110 x 170) =-18700J
Thus, reaction is spontaneous at T = 1110 K.

59. (d) : Gas phase reaction,
PClg) PCly,y + Cl
An AH=AE+AnRT
¢ = Change in number of moles of products and
reactants species.
Since An,=+ve, hence AH = +ve
also one mole of PCls is dissociated into two moles of
PCl;and Cl, in the same phase.
Therefore, AS =S S
AS = +ve.
60. (c) : The criteria for spontaneity of a process in
terms of AG is as follows :
» If AG s negative, the process is spontaneous.
» If AG is positive, the process does not occur in
the forward direction. It may occur in the backward
direction.
» If AG is zero, the systemis in equilibrium.
61. (b) : Bryg + Clyy) — 2BrCl
AH =30kJ mol %, AS = 1053 K * mol *

AS :M ie. 105 = 0 %1000
T T

2(8)

products — “reactants

30 x1000
T =
105

62. (a) : For spontaneous reaction, AH = —ve, AS =+ve.
Spontaneity depends upon both critical minimum
energy and maximum randomness disorderness.

63.(c) : AG=AH-TAS
AG = —ve for spontaneous reaction.

When AS = +ve, AH = +ve and TAS > AH = AG = —ve

=285.7K

64. (b) : AG=4H - TA
=_382.64—298! =22
{1000 )

= - 382.64 + 43.38 = - 339.3 k mol !
65. (a) : For spontaneous process, AS;q, > 0.

ASSyS + ASSUIT > O
66. (d) : 5= Tre0 8000 _ 51 528 3 kLol
T 273

67. (a) : AG°=— PAV =Work done

AV = L1212} 103 L=-1.71 x1073L
| 3.312.25)

AG°=Work done = — (-1.71 x 10%) x P x 101.3J
1895 3

P= 3 =10.93x10 atm
1.71x107°x101.3

=11.08 x 10®Pa~9.92 x 108Pa (- 1atm= 101325 Pa)
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68. (a) : Entropy change (AS) is given by AS :@
Unit of entropy = J K-*mol* T

69. (d) : The change of entropy dS =1”ﬁ

From the first law of thermodynamics,

dg=dU+ PdV=CdT + PdV

1%
:@:Cvd_T+BdV
T T T r
DMZC_T-F dV |
T VT v I
ar  dv
dSZCV +R
T Tzv v,
— [for one mole of ideal gas]

2

P R
For 1 mole ofagas, ~ ="
T V |J

=AS=Cyln_+RIn
Here TZ:%:TQWC = é@o K. In IQ: 0
1) 20 T
AS=RIn_~ =2In""=21n10=4.605
1% 2
AS = 4.605 cal/mol K
Entropy change for 2 moles of gas
=2 % 4.605 cal/K =9.2 cal/K
70. (d) : The sign and magnitude of Gibbs free energy is
a criterion of spontaneity for a process.
When AG >0 or +ve, it means Gpgqucts >
as AG= Gproducts_ G

the reaction will not take place spontaneously, i.e. the
reaction should be spontaneous in reverse direction.

G reactants
reactants

+4 +2
SnO2; — SnO; AG >0
(more

favourable)
AG < 0 or —ve, the reaction or change occurs spontaneously.

+4 +2
PbO; — PbO; AG <0
(more
favourable)
71. (a) : For a cell reaction to be spontaneous, AG®
should be negative. As AG®° = —nFE°,, So the value will
be —ve only when E°, is +ve.
72. (c) : The entropy of a substance increases with
increase in temperature. However at absolute zero the
entropy of a perfectly crystalline substance is taken as
zero, which is also called as third law of thermodynamics.
73. (d) : (i) The given reaction is a combustion reaction,
therefore AH is less than 0. Hence, AH is negative.
(if) Since there is increase in the number of moles of
gaseous products, therefore AS is positive.
(iii) Since reaction is spontaneous, therefore AG is
negative.
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