
Topic 1  Thermodynamics
Objective Questions I (Only one correct option)

1. 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 

(2019 Main, 12 April I)

(a) - 9 0. (b) + 10 0. (c) - 0 9. (d) - 2 0.

2. The difference between DH and DU ( )D DH U- , when the

combustion of one mole of heptane (l) is carried out at a
temperature T, is equal to (2019 Main, 10 April II)

(a) - 4 RT (b) 3 RT (c) 4 RT (d) - 3 RT

3. A process will be spontaneous at all temperature if 
(2019 Main, 10 April I)

(a) DH > 0 and DS < 0 (b) DH < 0 and DS > 0

(c) DH < 0 and DS < 0 (d) DH > 0 and DS > 0

4. Dur ing com pres sion of a spring the work done is 10 kJ and 2
kJ es caped to the sur round ings as heat. The change in
in ter nal en ergy, DU (in kJ) is (2019 Main, 9 April II)

(a) 8 (b) -12 (c) 12 (d) -8

5. Among the following the set of parameters that represents
path functions, is (2019 Main, 9 April I)

(A) q W+  (B) q (C) W (D) H TS-

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

(c) (B), (C) and (D) (d) (B) and (C)

6. 5 moles of an ideal gas at 100 K are allowed to undergo
reversible compression till its temperature becomes 200 K.

If CV = 28 JK-1 mol-1, calculate DU and DpV  for this

process. ( . )R = - -8 0 1 1JK mol (2019 Main, 8 April II)

(a) D =U 2 8.  kJ; D =( ) .pV 0 8 kJ

(b) D =U 14 J; D =( ) .pV 0 8 J

(c) D =U 14 kJ; D =( )pV 4 kJ

(d) D =U 14 kJ; D =( )pV 18 kJ

7. Which one of the following equations does not correctly
represent the first law of thermodynamics for the given
processes involving an ideal gas ? (Assume non-expansion
work is zero) (2019 Main, 8 April I)

(a) Cyclic process : q W=-

(b) Adiabatic process : D = -U W

(c) Isochoric process : D =U q

(d) Isothermal process : q W= -

8. For silver, C p ( J K mol )  23  0.011 1- - = +  T. If the

temperature (T) of 3 moles of silver is raised from 300 K to
1000 K at 1 atm pressure, the value of DH will be close to

(2019 Main, 8 April I)

(a) 62 kJ (b) 16 kJ 

(c) 21 kJ (d) 13 kJ 

9. For a diatomic ideal gas in a closed system, which of the
following plots does not correctly describe the relation
between various thermodynamic quantities?

(2019 Main, 12 Jan I)

10. The standard electrode potential EO- and its temperature
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 for a cell are 2V and - ´ - -5 10 4 VK 1 at

300 K respectively. The cell reaction is

Zn Cu Zn Cu( ) ( ) ( ) ( )s aq aq s+ ® ++ +2 2

The standard reaction enthalpy (Dr H O- ) at 300 K in kJ mol-1

is, [Use, R = - -8 1JK mol 1 and F = -96 000 1, ]C mol

(2019 Main, 12 Jan I)

(a) - 412.8 (b) - 384.0

(c) 206.4 (d) 192.0
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11. The reaction, MgO C( Mg CO( ) ) ( ) ( )s s s g+ ® + , 

for which Dr H º 491.1 kJ mol= + - 1 and 

Dr S º JK mol= - -198 0 1 1. , is not feasible at 298 K.

Temperature above which reaction will be feasible is
(a) 2040.5 K (b) 1890.0 K
(c) 2380.5 K (d) 2480.3 K

12. The standard reaction Gibbs energy for a chemical reaction
at an absolute temperature T  is given by, DrG A BTº = -

Where A and B are non-zero constants.

Which of the following is true about this reaction?
(2019 Main, 11 Jan II)

(a) Endothermic if, A < 0 and B > 0

(b) Exothermic if, B < 0

(c) Exothermic if, A > 0 and B < 0

(d) Endothermic if, A > 0

13. For the chemical reaction, X Y- , the standard reaction

Gibbs energy depends on temperature T (in K) as 

D ° -r
–1(in kJ mol ) = 120

3

8
G T

The major component of the reaction mixture at T is 
(2019 Main, 11 Jan I)

(a) Y if T = 280 K (b) X if  T = 350 K 

(c) X if T = 315 K (d) Y if T = 300 K 

14. Two blocks of the same metal having same mass and at
temperature T1 and T2 respectively, are brought in contact
with each other and allowed to attain thermal equilibrium at
constant pressure. The change in entropy, DS , for this
process is (2019 Main, 11 Jan I)
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15. The process with negative entropy change is
(2019 Main, 10 Jan II)

(a) synthesis of ammonia from N2  and H2

(b) dissociation of CaSO (s)4  to CaO(s) and SO3 ( )g
(c) dissolution of iodine in water
(d) sublimation of dry ice

16. An ideal gas undergoes isothermal compression from  5 m3

to 1 m3 against a constant external pressure of 4 Nm-2. Heat
released in this process is used to increase the temperature

of 1 mole of Al. If molar heat capacity of Al is 24 J mol-1K-1, 

the temperature of Al increases by (2019 Main, 10 Jan II)

(a) 
3

2
 K (b) 1 K (c) 2 K (d) 

2

3
 K

17 A process has DH = 200 J mol-1 and DS = 40 JK-1 mol-1.

Out of the values given below, choose the minimum
temperature above which the process will be spontaneous

(2019 Main, 10 Jan I)

(a) 20 K (b) 4 K (c) 5 K (d) 12 K

18 The en tropy change as so ci ated with the con ver sion of 1 kg
of ice at 273 K to wa ter va pours at 383 K is 

(Specific heat of water liquid and water vapour are 4.2 kJ

K kg1 1- -  and 2 0. kJK 1-  kg 1- ; heat of liquid fusion and

vapourisation of water are 334 1kJ kg-  and 2491 1kJkg-

respectively). (log . ,273 2 436=  log . ,373 2 572=  
log . )383 2 583= (2019 Main, 9 Jan II)

(a) 9 26 1. kJ kg K 1- - (b) 8 1 1.49 kJ kg K- -

(c) 7 90 1. kJ kg K 1- - (d) 2 64 1. kJ kg K 1- -

19 Consider the reversible isothermal expansion of an ideal gas
in a closed system at two different temperatures T1 and T2 
( )T T1 2< . The correct graphical depiction of the dependence
of work done (W) on the final volume (V) is

(2019 Main, 9 Jan I)

20. The combustion of benzene ( )l  gives CO2( )g  and H O2 ( )l .

Given that heat of combustion of benzene at constant volume 

is -3263 9.  kJ mol-1 at 25° C; heat of combustion (in kJ

mol-1) of benzene at constant pressure will be                       

(R = - -8.314 JK mol )1 1
(2018 Main)

(a) 4152.6 (b) -452 46.

(c) 3260 (d) -3267 6.

21. DU is equal to  (2017 Main)

(a) isochoric work (b) isobaric work
(c) adiabatic work (d) isothermal work

22. The standard state Gibbs free energies of formation of
C(graphite) and C(diamond) at T = 298 K are

D °f G [C(graphite)] = 0 kJ mol-1

D °f G [C(diamond)] = 2.9 kJ mol-1

The standard state means that the pressure should be 1 bar,
and substance should be pure at a given temperature. The
conversion of graphite [C(graphite)] to diamond

[C(diamond)] reduces its volume by 2 10 6´ -  m3 mol-1. If

C(graphite) is converted to C(diamond) isothermally at 
T = 298K, the pressure at which C(graphite) is in
equilibrium with C(diamond), is (2017 Adv.)
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[Useful information : 1 J = 1 kg m2s-2,

1 Pa = 1 kg m-1 s-2; 1 bar = 105 Pa]

(a) 58001 bar (b) 1450 bar
(c) 14501 bar (d) 29001 bar

23. One mole of an ideal gas at 300 K in thermal contact with
surroundings expands isothermally from 1.0 L to 2.0 L
against a constant pressure of 3.0 atm. 

In this process, the change in entropy of surroundings 

( )DS surr  in JK-1 is (1 L atm = 101.3 J) (2016 Adv.)

(a) 5.763 (b) 1.013 (c) - 1.013 (d) - 5.763

24. The following reaction is performed at 298K

    2NO( ) O ( )2g g+ r 2NO ( )2 g

The standard free energy of formation of NO(g) is
86.6 kJ/mol at 298 K. What is the standard free energy of

formation of NO ( )2 g  at 298 K? ( )K p = ´1.6 1012 (2015 Main)

(a) R( )298  ln ( . ) –1 6 10 8660012´

(b) 86600 298+ R( ) ln ( . )1 6 1012´

(c) 86600
1 6 10

298

12

–
( . )

( )

ln ´

R

(d) 0 5 2 86600 298. [ – ( )´ R  ln ( . )]1 6 1012´

25. For the process,  H O H O2 2( ) ( )l g¾®

at T = °100 C and 1 atmosphere pressure, the correct choice is

(a) DS system > 0  and  DS surrounding > 0 (2014 Adv.)

(b) DS system > 0  and  DS surrounding < 0

(c) DS system < 0  and  DS surrounding > 0 

(d) DS system < 0 and  DS surrounding < 0

26. A pis ton filled with 0.04 mole of an ideal gas ex pands
re vers ibly from 50.0 mL to 375 mL at a con stant tem per a ture
of 37.0°C. As it does so, it ab sorbs 208 J of heat. The val ues
of q and W for the pro cess will be 
(R = 8.314 J / mol K, ln 7.5 = 2.01) (2013 Main)

(a) q = + 208 J, W = - 208 J
(b) q = - 208 J, W = - 208 J
(c) q = - 208 J, W = + 208 J
(d) q = + 208 J, W = + 208 J 

27. For the pro cess H O2 ( )l  (1 bar, 373 K) ® H O2 ( )g  

(1 bar, 373 K), the cor rect set of ther mo dy namic 
pa ram e ters is (2007, 3M)

(a) D DG S= = +0, ve (b) D DG S= = -0, ve
(c) D DG S= + =ve, 0 (d) D DG S= - = +ve ve,

28. The value of log10 K  for a re ac tion A Br  is

(Given : Dr H ° = -298K 54 07.  kJ mol ,1-  

Dr S °298 K  = -10 1JK  mol 1-  and R = - -8.314 JK mol1 1;

2 303 8 314 298. .´ ´  = 5705) (2007, 3M)

(a) 5 (b) 10 (c) 95 (d) 100

29. The di rect con ver sion of A to B is dif fi cult, hence it is car ried
out by the fol low ing shown path

    C D

B
­

¾¾¾®
¯

A

Given that   DS A C(   )  50 eu® = 
  DS C D(     30 eu® =)  

  DS D B(   )   –20 eu® = where, eu is entropy unit

Then, DS A B(   )®  is (2006, 3M)

(a) + 100 eu (b) +60 eu

(c) –100 eu (d) –60 eu

30. A monoatomic ideal gas un der goes a pro cess in which the
ra tio of p to V at any in stant is con stant and equals to 1. What
is the mo lar heat ca pac ity of the gas ? (2006, 3M)

(a) 
4

2

R
 (b) 

3

2

R
(c) 

5

2

R
 (d) 0

31. One mole of monoatomic ideal gas ex pands adi a bat i cally at 
ini tial tem per a ture T against a con stant ex ter nal pres sure of
1 atm from 1 L to 2 L. Find out the fi nal tem per a ture

(R = 0.0821 L atm K- 1 mol- 1) (2005, 1M)

(a) T  (b) 
T

( ) /2 5 3 1-

(c) T -
´

2

3 0.082
 (d) T +

´

2

3 0.082

32. 2 moles of an ideal gas ex panded iso ther mally and
re vers ibly from 1 L to 10 L at 300 K. What is the enthalpy
change? (2004, 1M)

(a) 4.98 kJ (b) 11.47 kJ (c) –11.47 kJ (d) 0 kJ

33. Spon ta ne ous ad sorp tion of a gas on solid sur face is an
exo ther mic pro cess be cause (2004, 1M)

(a) DH increases for system (b) DS  increases for gas 
(c) DS  decreases for gas (d) DG increases for gas 

34. One mole of a non-ideal gas un der goes a change of state
(2.0 atm, 3.0 L, 95 K) ¾®  (4.0 atm, 5.0 L, 245 K) with a
change in in ter nal en ergy, DE = 30 0. L-atm. The change in
enthalpy ( )DH    of the pro cess in L-atm is (2002, 3M)

(a) 40.0 (b) 42.0
(c) 44.0 

(d) not defined, because pressure is not constant

35. Which of the following statements is false? (2001, 1M)

(a) Work is a state function
(b) Temperature is a state function
(c) Change in the state is completely defined when the

initial and final states are specified

(d) Work appears at the boundary of the system

36. In ther mo dy nam ics, a pro cess is called re vers ible when
(2001, 1M)

(a) surroundings and system change into each other
(b) there is no boundary between system and surroundings

(c) the surroundings are always in equilibrium with the system

(d) the system changes into the surroundings spontaneously

37. For an en do ther mic re ac tion, where DH rep re sents the
enthalpy of the re ac tion in kJ/mol, the min i mum value for
the en ergy of ac ti va tion will be (1992, 1M)

(a) less than DH   (b) zero 

(c) more than DH (d) equal to DH
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38. The dif fer ence be tween heats of re ac tion at con stant pres sure
and con stant vol ume for the re ac tion

2C H ( ) + 15O6 6 2l ¾® 12CO ( ) + 6H O( )2 2g l

at 25 C°  in kJ is (1991, 1M)

(a) - 7.43 (b) + 3.72

(c) - 3.72 (d) + 7.43

Objective Questions II 
(One or more than one correct option)

39. A reversible cyclic process for an ideal gas is shown below.
Here, p V,  and T  are pressure, volume and temperature,
respectively. The thermodynamic parameters q w H, ,  and U
are heat, work, enthalpy and internal energy, respectively.

(2018 Adv.)

The correct options is (are)

(a)  q UAC BC= D  and w p V VAB = -2 2 1( )

(b) w p V VBC = -2 2 1( ) and q HBC AC= D

(c)  D DH UCA CA<  and q UAC BC= D

(d) q HBC AC= D  and D DH UCA CA>

40. An ideal gas is expanded form ( , ),p V T1 1 1  to ( , , )p V T2 2 2  under 

different conditions. The correct statement(s) among the
following is (are) (2017 Adv.)

(a) The work done by the gas is less when it is expanded reversibly

from V1 to V2 under adiabatic conditions as compared to that

when expanded reversibly form V1 to V2 under isothermal

conditions.

(b) The change in internal energy of the gas is (i) zero, if it is

expanded reversibly with T T1 2= , and (ii) positive, if it is

expanded reversibly under adiabatic conditions with T T1 2¹

(c) If the expansion is carried out freely, it is simultaneously both

isothermal as well as adiabatic

(d) The work done on the gas is maximum when it is compressed

irrversibly from ( , )p V2 2  to ( ),p V1 1  against constant pressure p1

41. For a reaction taking place in a container in equilibrium with

its surroundings, the effect of temperature on its equilibrium

constant K in terms of change in entropy is described by
(2017 Adv.)

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

(b) With increase in temperature, the value of K for exothermic
reaction decreases because favourable change in entropy of the
surrounding decreases

(c) With increase in temperature, the value of K for
endothermic reaction increases because the entropy change
of the system is negative

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

42. An ideal gas in thermally insulated vessel at internal
pressure = p1, volume =V1 and absolute temperature = T1

expands irreversibly against zero external pressure, as
shown in the diagram. The final internal pressure,
volume and absolute temperature of the gas are p V2 2,
and T2, respectively. For this expansion

       
(2014 Adv.)

(a) q = 0 (b) T T2 1=

(c) p V p V2 2 1 1= (d) p V p V2 2 1 1
g g=

43. Ben zene and naph tha lene form an ideal so lu tion at room
tem per a ture. For this pro cess, the true state ment(s) is (are)

(2013 Adv.)

(a) DG is positive (b) DS system is positive
(c) DS surroundings = 0 (d) DH = 0

44. The re vers ible ex pan sion ob an ideal gas un der adi a batic
and iso ther mal con di tions is shown in the fig ure. Which of 
the fol low ing state ment(s) is (are) correct? (2012)

(a) T T1 2= (b) T T3 1>
(c) W Wisothermal adiabatic> (d) D DU Uisothermal adiabatic>

45. For an ideal gas, con sider only P V-  work in go ing from 

ini tial state X  to the fi nal state Z. The fi nal state Z can be
reached by ei ther of the two paths shown in the fig ure. 

[Take DS  as change in entropy and W  as work done].

Which of the fol low ing choice(s) is (are) cor rect? (2012)

p =0ext

p ,V ,T1 1 1
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p =0ext

p ,V ,T2 2 2

Thermal insulation
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B(p , V , T )2 2 1
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(a) D D DS S SX Z X Y Y Z® ® ®= +
(b) W W WX Z X Y Y Z® ® ®= +
(c) W WX Y Z X Y® ® ®=

(d) D DS SX Y Z X Y® ® ®=

46. Among the fol low ing, e xten sive prop erty is
(prop er ties are) (2010)

(a) molar conductivity (b) electromotive force
(c) resistance (d) heat capacity

47. Among the fol low ing, the state func tion(s) is(are)
(a) internal energy (2009)

(b) irreversible expansion work
(c) reversible expansion work
(d) molar enthalpy

48. Iden tify the in ten sive quan ti ties from the fol low ing.
(1993, 1M)

(a) enthalpy (b) temperature

(c) volume (d) refractive index

Assertion and Reason

Read the following questions and answer as per the
direction given below :
(a) Statement I is true; Statement II is true; Statement

II is the correct explanation of Statement I
(b) Statement I is true; Statement II is true; Statement

II is not the correct explanation of Statement I
(c) Statement I is true; Statement II is false
(d) Statement I is false; Statement II is true

49. State ment I There is a nat u ral asym me try be tween
con vert ing work to heat and con vert ing heat to work.

State ment II No pro cess is pos si ble in which the

sole re sult is the ab sorp tion of heat from a res er voir

and its com plete con ver sion into work. (2008, 3M)

50. State ment I For ev ery chem i cal re ac tion at
equi lib rium, stan dard Gibbs en ergy of re ac tion is zero.

State ment II  At con stant tem per a ture and pres sure, 

chem i cal re ac tions are spon ta ne ous in the di rec tion

of de creas ing Gibbs en ergy. (2008, 3M)

51. State ment I The heat ab sorbed dur ing the
iso ther mal ex pan sion of an ideal gas against
vac uum is zero.
State ment II The vol ume oc cu pied by the
mol e cules of an ideal gas is zero. (2000, S, 1M)

Passage Based Questions

A fixed mass m of a gas is
subjected to transformation 
of states from K to L to M to 
N and back to K as shown
in the figure. (2013 Adv.)

52. The pair of isochoric pro cesses among the transformation of
states is
(a) K to L and L to M
(b) L to M and N to K
(c) L to M and M to N
(d) M to N and N to K

53. The suc ceed ing op er a tions that en able this trans for ma tion of
states are
(a) heating, cooling, heating, cooling
(b) cooling, heating, cooling, heating
(c) heating, cooling, cooling, heating
(d) cooling, heating, heating, cooling

Match the Columns

54. Match the thermodynamic processes given under Column I with
the expressions given under Column II.

Column I  Column II   

A. Freezing of water at 273 K and 1
atm 

p. q = 0

B. Expansion of 1 mole of an ideal
gas into a vacuum under isolated
conditions

q. W = 0

C. Mixing of equal volumes of two
ideal gases at constant
temperature and pressure in an
isolated container

r. DSsys < 0

D. Reversible heating of H ( )2 g  at 1
atm from 300 K to 600 K,
followed by reversible cooling to
300 K at 1 atm 

s. DU = 0

t. DG = 0

55. Match the trans for ma tions in Col umn I with ap pro pri ate op tions in
Col umn II. (2011)

Col umn I Col umn II

A. CO CO2 2( ) ( )s g¾® p. Phase transition

B. CaCO CaO3 ( ) ( )s s¾® + CO2 ( )g q. Allotropic change

C. 2H· ¾® H2 ( )g r. DH is positive

D. P   P(white, solid) (red, solid)® s. DS  is positive

t. DS  is negative

Fill in the Blanks

56. Enthalpy is an ............... prop erty. (1997, 1M)

57. When Fe(s) is dis solved in aque ous hy dro chlo ric acid in a closed
ves sel, the work done is ................ . (1997)

58. The heat con tent of the prod ucts is more than that of the re ac tants in 
an .............. re ac tion. (1993, 1M)

59. A sys tem is said to be ........ if it can nei ther ex change mat ter nor

en ergy with the sur round ings. (1993, 1M)

K L

N M

Pressure

Volume



60. C Cp V-  for an ideal gas is .................
(1984, 1M)

61. The to tal en ergy of one mole of an ideal monatomic gas at 
27 C°   is ..............cal. (1984, 1M)

True/False

62. First law of ther mo dy nam ics is not ad e quate in pre dict ing
the di rec tion of a pro cess. (1982, 1M)

63. Heat ca pac ity of a di atomic gas is higher than that of a
monoatomic gas. (1985, 1/2 M)

Integer Answer Type Questions

64. One mole of an ideal gas is taken from a to b along two paths 
de noted by the solid and the dashed lines as shown in the
graph be low. If the work done along the solid line path is Ws

and that along the dot ted line path is Wd , then the in te ger
clos est to the ra tio W Wd s/  is (2010)

     

Subjective Questions

65. For the re ac tion, 2CO  O   2CO ;2 2+ ®  DH = - 560 kJ. Two

moles of CO and one mole of O2 are taken in a con tainer of
vol ume 1 L. They com pletely form two moles of CO2 , the
gases de vi ate ap pre cia bly from ideal be hav iour. If the
pres sure in the ves sel changes from 70 to 40 atm, find the
mag ni tude (ab so lute value) of DU at 500 K.  (1 L-atm = 0.1 kJ)

(2006, 3M)

66. 100 mL of a liq uid con tained in an iso lated con tainer at a
pres sure of 1 bar. The pres sure is steeply in creased to
100 bar. The vol ume of the liq uid is de creased by 1 mL at
this con stant pres sure. Find the D DH Uand . (2004, 2M)

67. CV  value of He is al ways 
3

2

R
 but CV  value of H2 is 

3

2

R
 at low

tem per a ture and 
5

2

R
 at mod er ate tem per a ture and more than 

5

2

R
 at higher tem per a ture. Ex plain in two or three lines.

(2003, 2M)

68. Two moles of a per fect gas un dergo the fol low ing

pro cesses  :

(a) a reversible isobaric expansion from (1.0 atm, 20.0 L)
to (1.0 atm, 40.0 L) 

(b) a reversible isochoric change of state from (1.0 atm,

40.0 L) to (0.5 atm, 40.0 L)

(c) a reversible isothermal compression from (0.5 atm,

40.0 L) to (1.0 atm, 20.0 L)

(i) Sketch with labels each of the processes on the same

p-V diagram.

(ii) Calculate the total work (W) and the total heat change

(Q) involved in the above processes.

(iii) What will be the values of DU, DH and DS  for the

overall process? (2002, 5M)

69. When 1-pentyne (A) is treated with 4 N al co holic KOH at 

175 C° , it is con verted slowly into an equi lib rium mix ture of

1.3% 1-pentyne (A), 95.2%  2-pentyne (B) and 3.5% of

1, 2-pentadiene  (C). The equi lib rium was main tained at 

175 C.°  Cal cu late DG° for the fol low ing equi lib ria.

B Ar , = ?DG°1

        B Cr ,         DG°2 = ?

From the calculated value of DG°1 and DG°2 indicate the

order of stability of (A), (B) and (C). Write a reasonable

reaction mechanism showing all intermediates leading to

(A), (B) and (C). (2001, 10M)

70. Show that the re ac tion, CO( ) +
1

2
O ( ) CO ( )2 2g g g¾®  at

300 K, is spontaneous and exothermic, when the standard

entropy change is -0.094 kJ mol K1 1- - . The standard

Gibbs’ free energies of formation for CO2 and CO are

–394.4 and –137.2 kJ mol 1- , respectively. (2000, 3M)

71. A sam ple of ar gon gas at 1 atm pres sure and 27 C°  ex pands

re vers ibly and adi a bat i cally from 1.25 dm3 to 2.50 dm3.
Cal cu late the enthalpy change in this pro cess CVm

 for ar gon

is 12.49 JK 1-  mol 1- . (2000, 4M)

72. A gas mix ture of 3.67 L of eth yl ene and meth ane on

com plete com bus tion at 25 C°  pro duces 6.11 L of CO2. Find

out the amount of heat evolved on burn ing 1 L of the gas

mix ture. The heat of com bus tion of eth yl ene and meth ane

are - 1423  and - 891  kJ mol 1-  at 25°C. (1991, 5M)

73. An ath lete is given 100 g of glu cose (C H O )6 12 6  of en ergy

equiv a lent to 1560 kJ. He uti lizes 50 per cent of this gained

en ergy in the event. In or der to avoid stor age of en ergy in the 

body, cal cu late the weight of wa ter he would need to

per spire. The enthalpy of evap o ra tion of wa ter is 44 kJ/mol.
(1989, 2M)

74. Fol low ing state ment is true only un der some spe cific

con di tions. Write the con di tions for that in not more than

two sen tences

“The heat energy q, absorbed by a gas is DH.’’ (1984, 1M)
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Topic 2 Thermochemistry
Objective Questions I (Only one correct option)

1. Enthalpy of sublimation of iodine is 

24 cal g-1 at 200°C. If specific heat of I ( )2 s  and I2(vap.) are

0.055 and 0.031 cal g-1 K-1 respectively, then enthalpy of

sublimation of iodine at 250°C in cal g-1 is 
(2019 Main, 12 April I)

(a) 2.85 (b) 5.7 (c) 22.8 (d) 11.4

2. Given :

(i) C(graphite)  O CO2 2+ ®( ) ( )g g ; Dr kJ molH xÈ = - 1

(ii) C(graphite) O CO+ ¾®
1

2
2 2( ) ( )g g ;

Dr kJ molH yÈ = - 1

(iii) CO O CO( ) ( ) ( )g g g+ ¾®
1

2
2 2 ; Dr kJ molH zÈ = - 1

Based on the above thermochemical equations, find out
which one of the following algebraic relationships is correct?

(2019 Main, 12 Jan II)

(a) y z x= -2 (b) x y z= -

(c) z x y= + (d) x y z= +

3. Given, C   O  CO(graphite) 2 2+ ¾®( ) ( )g g ;

Dr H ° = - 393 5.  kJ mol  1-

H ( )  
1

2
O ( )  H O( )2 2 2g g l+ ¾® ; 

  Dr H ° = - 285 8.  kJ mol  1-

CO ( )  2 H O( )  CH ( )+2O ( )2 2 4 2g l g g+ ¾® ;

Dr H ° = + 890 3.  kJ mol  1-

Based on the above thermochemical equations, the value of 
Dr H ° at 298 K for the reaction, (2017 Main)

C   2 H ( )  CH ( )(graphite) 2 4+ ¾®g g  will be

(a) + 78 8.  kJ mol  1- (b) + 144 0.  kJ mol  1-

(c) - 74 8.  kJ mol  1- (d) - 144 0.  kJ mol  1-

4. The heats of combustion of carbon and carbon monoxide are 

- 393.5 and - 283.5 kJ mol-1, respectively. The heat of

formation (in kJ) of carbon monoxide per mole is
(2016 Main)

(a) 676.5 (b) -676 5.

(c) -110 5. (d) 110.5

5. For the com plete com bus tion of eth a nol, 
C H OH( ) + 3O ( )  2CO ( ) + 3H O( ),2  5 2 2 2l g g l¾®  the
amount of heat pro duced as mea sured in bomb

cal o rim e ter, is 1364.47 kJ mol 1-  at 25°C. As sum ing
ideality the enthalpy of com bus tion, DC H, for the re ac tion

will be (  = 8.314 J K mol )–1 –1R (2014 Main)

(a) - 1366 95.   kJ mol 1- (b) - 1361 95.   kJ mol 1-

(c) - 1460 50.   kJ mol 1- (d) - 1350 50.   kJ mol 1-

6. The stan dard enthalpies of for ma tion of CO ( )2 g , H O2 ( )l  and 

glu cose(s) at 25°C are - 400 kJ/mol, - 300 kJ/mol and 
- 1300 kJ/mol, re spec tively. The stan dard enthalpy of
com bus tion per gram of glu cose at 25°C is (2013 Adv.)

(a) + 2900 kJ (b) - 2900 kJ
(c) - 16 11.  kJ (d) + 16.11 kJ

7. Us ing the data pro vided, cal cu late the mul ti ple bond en ergy

(kJ mol-1) of a C Cºº  bond C H2 2. That en ergy is (take the

bond en ergy of a C H¾  bond as 350 kJ mol-1) (2012)

  2C( ) H ( ) C H ( )2 2 2s g g+ ¾® ;    DH = -225 kJ mol 1

     2C( ) C( )s g¾® 2 ;         DH = -1410 kJ mol 1

           H ( ) H( )2 g g¾® 2  ;            DH = -330 kJ mol 1

(a) 1165 (b) 837 (c) 865 (d) 815

8. The spe cies which by def i ni tion has zero stan dard mo lar
enthalpy of for ma tion at 298 K is (2010)

(a) Br2 ( )g (b) Cl2 ( )g

(c) H O2 ( )g (d) CH4 ( )g

9. The bond energy (in kcal mol-1) of C—C single bond is

approximately (2010)

(a) 1 (b) 10

(c) 100 (d) 1000

10. DH vap = 30 kJ/mol and DS vap
–1 –1Jmol K= 75 . Find the

tem per a ture of vapour, at one at mo sphere (2004, 1M) 

(a) 400 K (b) 350 K  (c) 298 K (d) 250 K

11. Which of the fol low ing re ac tions de fines DH f
°?

(2003, 1M)
(a) C + O ( ) CO ( )(diamond) 2 2g g¾®

(b) 
1

2
H ( ) +

1

2
F ( ) HF( )2 2g g g¾®

(c) N ( ) + 3H ( ) 2NH ( )2 2 3g g g¾®

(d) CO ( ) +
1

2
O ( ) CO ( )2 2g g g¾®

12. The DH f° for CO ( ),CO(2 g g ) and H O ( )2 g  are 

- -393.5, 110.5 and -241.8 kJ mol 1-  re spec tively. The

stan dard enthalpy change (in kJ mol 1- ) for the re ac tion 

CO ( ) + H ( )2 2g g ¾® CO( ) + H O( )2g g  is
(2000, 1M)

(a) 524.1 (b) + 41.2

(c) -262.5 (d) -41.2

Objective Question II 
(One or more than one correct option)

13. The fol low ing is/are en do ther mic re ac tion(s) (1999, 3M)

(a) Combustion of methane

(b) Decomposition of water

(c) Dehydrogenation of ethane to ethylene

(d) Conversion of graphite to diamond

p
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e
re
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V(litre)

Z
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14. The ther mal dis so ci a tion of equi lib rium of CaCO3 ( )s  is

stud ied un der dif fer ent con di tions. (2013 Adv.)

CaCO CaO CO3 2( ) ( ) ( )s s gr +

For this equilibrium, the correct statement(s) is/are
(a) DH is dependent on T
(b) K is independent of the initial amount of CaCO3

(c) K is dependent on the pressure of CO2 at a given T
(d)  DH is independent of the catalyst, if any 

Subjective Questions

15. In a constant volume calorimeter, 3.5 g of a gas with
molecular weight 28 was burnt in excess oxygen at 298.0 K.
The temperature of the calorimeter was found to increases
from 298.0 K to 298.45 K due to the combustion process.

Given that the heat capacity of the calorimeter is 2.5 kJ K- 1,
the numerical value for the enthalpy of combustion of the

gas in kJ mol- 1 is (2009)

16. Diborane is a po ten tial rocket fuel which un der goes

com bus tion ac cord ing to the re ac tion

B H ( ) + 3O B O ( ) + 3H O ( )2 6 2 2 3 2g s g( )g ¾®

From the following data, calculate the enthalpy change for

the combustion of diborane. (2000, 2M)

2B ( ) +
3

2
O ( )2s g ¾® B O ( )2 3 s ;    DH = 1273-  kJ mol 1-

H ( +
1

2
O ( ) H O ( )2 2 2g g l) ¾® ;     DH = 286 kJ mol–1-  

    H O ( ) H O2 2l ¾® ( )g ;    DH = 44 kJ mol 1-    

 2B ( ) + 3H ( ) B H ( )2 2 6s g g¾® ;   DH = 36 kJ mol 1-    

17. Es ti mate the av er age S–F bond en ergy in SF6. The val ues of

stan dard enthalpy of for ma tion of  SF6(g), S( )g  and F( )g

are : – 1100, 275 and 80 kJ mol–1 re spec tively. (1999, 3M)

18. From the fol low ing data, cal cu late the enthalpy change for
the com bus tion of cyclopropane at 298 K. The enthalpy of
for ma tion of CO ( ), H O ( )2 2g l  and pro pane (g) are –393.5, 

-285.8 and 20.42 kJ mol 1-  re spec tively. The enthalpy of

isomerisation of cyclopropane to propene is -33.0 kJ mol 1- . 

(1998, 5M)

19. Com pute the heat of for ma tion of liq uid methyl al co hol in

kJ mol 1- , us ing the fol low ing data. Heat of va por isa tion of

liq uid methyl al co hol = 38 kJ/mol. Heat of for ma tion of
gas eous at oms from the el e ments in their stan dard states : 

H = 218 kJ/mol, C = 715 kJ/mol, O = 249 kJ/mol.

Average bond energies: (1997, 5M)

C— H 415=  kJ/mol, C— O 356=  kJ/mol, 

O— H = 463 kJ/mol

20. The stan dard mo lar enthalpies of for ma tion of
cyc lo hex ane (l) and ben zene (l) at 25 C°  are -156 and 

+ 49 kJ mol 1-  re spec tively. The stan dard enthalpy of

hy dro ge na tion of cyclohexene (l) at 25 C°  is -119 kJ mol 1- .

Use these data to es ti mate the mag ni tude of the res o nance

en ergy of ben zene. (1996, 2M)

21. The poly mer isa tion of eth yl ene to lin ear poly eth yl ene is

rep re sented by the re ac tion,

   n n[CH CH ] [ CH — CH ]2 2 2 2
== ¾® ¾ ¾

where, n has large integral value. Given that the average
enthalpies of bond dissociation for C C==  and C C¾  at 
298 K are +590 and +311 kJ/mol respectively, calculate the
enthalpy of polymerization per mole of ethylene at 298 K.

(1994, 2M)

22. In or der to get max i mum cal o rific out put, a burner should
have an op ti mum fuel to ox y gen ra tio which cor re sponds
to 3 times as much ox y gen as is re quired the o ret i cally
for com plete com bus tion of the fuel. A burner which has been 
ad justed for meth ane as fuel (with x litre/hour of CH4 and
6x litre/hour of O )2  is to be re ad justed for bu tane, C H4 10.

In or der to get the same cal o rific out put, what should be the
rate of sup ply of bu tane and ox y gen? As sume that losses due 
to in com plete com bus tion etc., are the same for both fu els

and that the gases be have ide ally. Heats of com bus tions:

CH = 8094 -  kJ/mol, C H 28784 10 = -  kJ/mol (1993, 3M)

23. De ter mine the enthalpy of the re ac tion,

C H ( ) + H ( ) C H ( ) + CH ( ),3 8 2 2 6 4g g g g®  at 25°C, using the 

given heat of combustion values under standard conditions.

Compound : H ( )2 g CH4 ( )g C H ( )2 6 g C(graphite)

DH ° (kJ/mol): -285.8 - 890.0 -1560.0 -393.0

The standard heat of formation of C H ( )3 8 g  is -103 kJ/mol.

(1992, 3M)

24. Us ing the data (all val ues are in kilocalories per mol at 25 C)°
given be low, cal cu late the bond en ergy of C C¾  and C H¾
bonds.

                      C( ) C( );s g¾®   DH = 172      

                  H 2H ( )2 ( ) ;g g¾® DH = 104     

 H ( ) +
1

2
O H O(2 2 2g g( ) );¾® l    DH = - 68.0

       C + O CO2 2( ) ( ) ( );s g g¾®      DH = - 94.0

Heat of combustion of C H 372.02 6 = -

Heat of combustion of C H 530.03 8 = - (1990, 5M)

25. The stan dard enthalpy of com bus tion at 25 C°  of hy dro gen,
cyclohexene (C H )6 10  and cyc lo hex ane (C H )6 12  are - 241, 
- 3800  and - 3920 kJ/mol re spec tively. Cal cu late the heat of 

hy dro ge na tion of cyclohexene. (1989, 2M)

26. An in ti mate mix ture of fer ric ox ide, Fe O2 3, and alu minium,
Al, is used in solid fuel rock ets. Cal cu late the fuel value per
gram and fuel value per cc of the mix ture. Heats of
for ma tion and den si ties are as fol lows:

H f (Al O ) 399 kcal/mol2 3 = -

H f (Fe O ) 1992 3 = -  kcal/mol

Density of Fe O 5.22 3 =  g/cc, Density of Al = 2.7 g/cc

(1989, 2M)
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27. The stan dard mo lar heat of for ma tion of eth ane, car bon
di ox ide and liq uid wa ter are -21.1, -94.1 and - 68.3 kcal
re spec tively. Cal cu late the stan dard mo lar heat of
com bus tion of ethane. (1986, 2M)

28. The bond dis so ci a tion en er gies of gas eous H ,Cl2 2 and HCl

are 104, 58 and 103 kcal/mol re spec tively. Cal cu late the
enthalpy of for ma tion of HCl gas.  (1985, 2M)

29. Given the fol low ing stan dard heats of re ac tions
  (i) heat of formation of water = - 68.3 kcal

 (ii) heat of combustion of acetylene = - 310.6 kcal

(iii) heat of combustion of ethylene = - 337.2 kcal

Calculate the heat of reaction for the hydrogenation of

acetylene at constant volume (25 C)° .
(1984, 4M)

30. The mo lar heats of com bus tion of C H2 2 ( )g , C (graph ite) and 

H2 ( )g  are 310.62 kcal, 94.05 kcal and 68.32 kcal
re spec tively. Cal cu late the stan dard heat of for ma tion of 
C H2 2 ( )g . (1983, 2M)

31. The stan dard heats of for ma tion of CCl4 ( ),g  H O2 ( ),g  

CO2 ( )g  and HCl( )g  at 298 K are -25 5. , -57 8.  , -94 1.  and 

-22 1.  kcal/mol re spec tively. Cal cu late DH ° (298 K) for the

re ac tion

 CCl H O CO HCl4 2 22 4( ) ( ) ( ) ( )g g g g+ ¾® + (1982, 2M)

32. The enthalpy for the fol low ing re ac tions ( )DH °  at 25°C are

given be low

  (i) 
1

2

1

2
2 2H O OH( ) ( ) ( )g g g+ ¾®  DH ° = -10.06 kcal

 (ii) H 2H2 ( ) ( )g g¾®  DH ° = 104.18 kcal

(iii) O 2O2 ( ) ( )g g¾®  DH ° = 118.32 kcal

Calculate the O — H bond energy in the hydroxyl radical.
(1981, 2M)

Passage Based Questions

When 100 mL of 1.0 M HCl was mixed with 100 mL of 1.0 M
NaOH in an insulated beaker at constant pressure, a temperature
increase of 5.7°C was measured for the beaker and its contents
(Expt. 1). Because the enthalpy of neutralisation of a strong acid

with a strong base is a constant ( . )- -57 0 1kJ mol , this experiment

could be used to measure the calorimeter constant. In a second
experiment (Expt. 2), 100 mL of 2.0 M acetic acid 

( )K a = 2.0 ´ -10 5  was mixed with 100 mL of 1.0 M NaOH (under

identical conditions to Expt. 1) where a temperature rise of 5.6°C
was measured.

33. Enthalpy of dissociation (in kJ mol-1) of acetic acid
obtained from the Expt. 2 is 
(a) 1.0 (b) 10.0 (c) 24.5 (d) 51.4

34. The pH of the solution after Expt. 2 is
(a) 2.8 (b) 4.7 (c) 5.0 (d) 7.0

Answers
Topic 1 Thermodynamics

1. (c) 2. (a) 3. (b) 4. (a)

5. (d) 6. (c) 7. (b) 8. (a)

9. (a) 10. (a) 11. (d) 12. (d)

13. (c) 14. (c) 15. (a) 16. (d)

17. (c) 18. (a) 19. (c) 20. (d)

21. (c) 22. (c) 23. (c) 24. (d)

25. (b) 26. (a) 27. (a) 28. (b)

29. (b) 30. (a) 31. (c) 32. (d)

33. (c) 34. (c) 35. (a) 36. (c)

37. (c) 38. (a) 39. (b,c) 40. (a, c, d)

41. (a, b) 42. (a,b,c) 43. (b,c,d) 44. (a,c,d)

45. (a,c) 46. (c,d) 47. (a,c,d) 48. (b, d)

49. (b) 50. (d) 51. (b) 52. (b)

53. (c) 54. A ® r, t; B ® p, q, s; C ® p, q, s; D ® p,q, s, t

55. A ® p, r, s; B ® r, s; C ® t; D ® p, q, t

56. extensive 57. zero 58. exothermic reaction

59. isolated 60. R 61. 900 62. T

63. T 64. (2) 65. (-563 kJ) 69. (12.3 kJ)

70. (-285.4 kJ)71. (- 116.4 J) 72. (49.82 kJ) 73. (318.96 g)

Topic 2 Thermochemistry

1. (c) 2. (d) 3. (c) 4. (c)

5. (a) 6. (c) 7. (d) 8. (b)

9. (c) 10. (a) 11. (b) 12. (b)

13. (b,c,d) 14. (a, b, c, d) 15. (9 kJ) 16. (-2035 kJ)

17. (309.16 kJ) 18. (-2091.32 kJ) 19. (-116.4 kJ)

20. (-152 kJ/mol) 21. (-32 kJ/mol)

22. (5.46 xL/h) 23. (-55 kJ)

25. (-121 kJ/mol) 27. (-372 kcal/mol)

28. (-22 kcal/mol) 29. (-41.7  kcal)

30. (54.2 kcal) 31. (-41.4 kcal)

32. (121.31 kcal) 33. (1 kJ/mol) 34. (4.7)
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Topic 1 Thermodynamics
 1. Key Idea Work done during isothermal expansion of an

ideal gas is given by the equation. 

      W p (V V )= - -ext 2 1

According to the given conditions, the expansion is against
constant external pressure. So, the work done is given by
following formula;

W p V V= - -ext ( )2 1

  =- -1 10 1bar L L( ) =- 9 L bar (Q 1L bar =100J)

  = - ´9 100 J = -0 9.  kJ

2.
  

Key Idea The re la tion be tween DH  and DU  is 
                D = D + DH U n RTg

where,    D = S - Sn n ng p R

= number of moles of gaseous products - number of 
  moles of gaseous reactants.

The general combustion reaction of a hydrocarbon is as follows :

C H O CO H O2x y x
y

x
y

+ +
æ

è
ç

ö

ø
÷ ¾® +

4 2
2 2

For heptane, x = 7, y = 16

Þ C H + 11O 7CO + 8H O( )7 16 2 2 2( ) ( ) ( )l g g l¾®

\ D = - = -ng 7 11 4

Now, from the principle of thermochemistry,

   D = D + DH U n RTg

Þ D - D =H U n RTgD  = - 4RT

3. A process will be spontaneous when its free energy (Gibb’s
energy) change will be negative, i.e. DG < 0.

Spontaneity of a process is decided by the value of DG, which
can be predicted from the Gibb’s equation, D D DG H T S= -  for
positive/negative signs of DH  and DS  at any/higher/lower
temperature as:

DH DS Comment on
temperature

(T)

DG Comment on the

process

< 0 > 0 at any temp. < 0 spontaneous

> 0 < 0 at any temp. > 0 non-spontaneous

< 0 < 0 at lower temp. < 0 spontaneous

> 0 > 0 at higher temp. < 0 spontaneous

4. In the given system, during the compression of a spring the
workdone is 10 kJ and 2 kJ of heat is escaped to the
surroundings. So, q = - 2 kJ and W = 10 kJ
According to the first law of thermodynamics,

  D = +U q W  = - +2 10kJ kJ

        D =U 8 kJ

The change in internal energy, DU  (in kJ) is 8 kJ.

5. q (heat) and W  (work) represents path functions. These variables 

are path dependent and their values depends upon the path
followed by the system in attaining that state. They are inexact
differentials whose integration gives a total quantity depending
upon the path.

Option (a), i.e. q W+  and option (d), i.e. H–TS are state
functions. The value of state functions is independent to the way
in which the state is attained. All the state functions are exact
differentials and cyclic integration involving a state functions is
zero.

6. Given, 

   n = 5 mol,  T2 200=  K,  T1 100=  K

   CV = 28 JK mol- -1 1

   D DU nC TV=

     = -nC T TV ( )2 1

       = 5 mol ´ 28 JK mol1 1- -  ´ -( )200 100  K

       = 14 000,  J = 14 kJ

D DpV nR T=

     = -nR T T( )2 1  

     = 5 mol ´ ´ -- -8 200 100JK mol1 1 ( ) K

     = 4000 J = 4 kJ 

7. From the 1st law of thermodynamics,

DU q W= +

where, DU = change in internal energy

     q = heat

    W = work done

The above equation can be represented for the given processes
involving ideal gas as follows:

(a) Cyclic process For cyclic process, DU = 0

\ q W= -

Thus, option (a) is correct.

(b) Adiabatic process For adiabatic process, 
  q = 0

\ DU W=

Thus, option (b) is incorrect.

(c) Isochoric process For isochoric process,  DV = 0.

Thus, W = 0 (Q W p V= D ).

\ DV q=    

Thus, option (c) is correct.

(d) Isothermal process For isothermal process, DU = 0

\    q W= -

Thus, option (d) is correct.

8. According to Kirchoff’s relation,

DH n C dTp

T

T

= ò
1

2

…(i)

where, DH = Change in enthalpy.

Cp = Heat capacity at constant pressure.

Hints & Solutions



Given, n = 3 moles, T1 300=  K, T2 1000=  K, Cp = +23 0 01.  T

On substituting the given values in Eq. (i), we get

DH T dT= +ò3 23 0 01
300

1000

( . )  = +ò3 23 0 01
300

1000

dT T dT.

   = +
é

ë
ê

ù

û
ú3 23

0 01

2

2

300

1000

T
T.

  = - + -
é

ëê
ù

ûú
3 23 1000 300

0 01

2
1000 3002 2( )

.
( )

  = + = »3 16100 4550 61950[ ] J 62 kJ

9. For di atomic ideal gases,

C
f

RV =
2

  and C
f

Rp = +
æ

è
ç

ö

ø
÷

2
1

where, f = degree of freedom

f = translational degree of freedom + rotational degree of
freedom

  = + =3 2 5 [at normal temperature]

The explanation of various plots are as follows.

(a) We know that, Cp is heat capacity at constant pressure. Thus, 
it does not vary with the variation in pressure. Hence, plot
given in option (a) is incorrect.

(b) In this plot, CV first increases slightly with increase in
temperature and then increases sharply with temperature.
The sharp increase is due to increase in degree of freedom.

Thus, plot given in option (b) is correct.

(c) For ideal gases,

Internal energy ( )U Tµ

Thus, as temperature increases internal energy also
increases. As temperature increases further degree of
freedom also increases thus, there is slight variation in the
graph. First translational degree of freedom is present
followed by rotational and vibrational degree of freedom.
Hence, plot given in option (c) is also correct.

(d) CV is heat capacity at constant volume. Thus, it does not vary
with variation in volume. Hence, plot given in option (d) is
correct.

10. Given, 

  E° = 2V, 
dE

dT

°æ

è
ç

ö

ø
÷ = - ´ -5 10 4 VK -1

  T = 300 K, R = 8 JK -1mol-1, 

  F = 96000 Cmol -1       

According to Gibbs-Helmholtz equation,

D = D - DG H T S             …(i)

Also,         D = - °G nFE cell   …(ii)

On substituting the given values in equation (ii), we get

     D = - ´ ´-G 2 96000 21C mol  V

[Q n = 2 for the given reaction]

    = - ´4 96000 J mol -1

    = - 384000 J mol -1

Now,    D =
°æ

è
ç

ö

ø
÷S nF

dE

dT

or    D = ´ ´ - ´- - -S 2 96000 5 101 4 1C mol VK( )

      = - 96 JK-1 mol-1

Thus, on substituting the values of DG and DS   in Eq. (i), we get

- 384000 J mol-1 

                         = D - ´ - - -H 300 96 1 1K ( )JK mol

             D = - -H 384000 28800 Jmol-1

  = - 412800 J mol -1 

         = - 412 800.  kJ mol-1

11. Ac cord ing to Gibbs-Helmholtz equa tion, 

             D D Dr r rG H T S° = ° - °
For a reaction to be feasible (spontaneous)

DrG° < 0
D Dr rH T S°- ° <0

Given, Dr H ° = + 491.1 kJ mol- 1,

   Dr S ° = 198 JK- 1mol- 1

\ 491.1 103´ - ´ <T 198 0    

T >
´491.1 103

198
 = 2480 3.  K

\ Above 2480 3.  K reaction will become spontaneous.

12. Ac cord ing to Gibb’s Helmholtz equa tion, 

D D Dr r rG H T S° = ° - °

Given,      DrG A BT° = -

On comparing above two equations, we get,

  A H= °D  and DS B° =

We know that, if DH ° is negative, reaction is exothermic and
when it is positive, reaction is endothermic.

\  If A >0, i.e. positive, reaction is endothermic.

13. For a given value of T ,

(i) If DrG° becomes < 0, the forward direction will be spontaneous
and then the major and minor components will be Y and X
respectively.

(ii) IfDrG°  becomes > 0, the forward direction will be
non-spontaneous and then the major and minor components
will be X  and Y respectively.

(a) DrG° = - ´ =120
3

8
280 15

i.e. DrG O° >  0, major component = X ;

(b) DrG° = - ´ = -120
3

8
350 1125.

i.e. DrG° < 0, major component = Y

(c) D rG° = - ´ =120
3

8
315 1875.

i.e. D rG° > 0, major component = X

(d) D rG° = - ´ =120
3

8
300 7 5.

i.e. D rG° > 0, major component = X

14. At the ther mal equi lib rium,

fi nal tem per a ture  T
T T

f =
+1 2

2
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Þ for the 1st block, DS C
T

T
p

f
I = ln

1

Þ for the 2nd block, DS C
T

T
p

f
II = ln

2

When brought in contact with each other,

   D D DS S S C
T

T
C

T

T
p

f
p

f
= + = +I II ln ln

1 2

          = ´
æ

è
ç
ç

ö

ø
÷
÷ =

é

ë
ê
ê

ù

û
ú
ú

C
T

T

T

T
C

T

T T
p

f f
p

f
ln ln

1 2

2

1 2

          =

+æ

è
ç

ö

ø
÷

é

ë

ê
ê
ê
ê

ù

û

ú
ú
ú
ú

=
+

C

T T

T T
C

T T

T
p pln ln

( )
1 2

2

1 2

1 2
2

1

2

4 T2

é

ë
ê

ù

û
ú

15. The explanation of all the options are as follows :

(a) N 3H 2NH2 2 3( ) ( ) ( )g g g+ ¾® ,

Dng = - + = -2 1 3 2( )

So, DS  is also negative (entropy decreases)

(b) CaSO CaO( ) SO4 3( ) ( )s s g¾® +
D

,

Dng = + - = +( )1 0 0 1

So,       DS = + ve

(c) In dissolution, DS = + ve because molecules/ions of the
solid solute (here, iodine) become free to move in
solvated/dissolved state of the solution, 

I IWater

KI
2 2( ) ( )

( )
s aq¾ ®¾¾

(d) In sublimation process, molecules of solid becomes quite
free when they become gas,

CO CO2
Dry ice

( ) ( )s g¾® 2  

So, DS  will be positive.

16. It is an ir re vers ible iso ther mal com pres sion of an ideal gas.

(i) dE dq p V Vf i= + -( )

where, dE =  Internal energy change

      dq = amount of heat released

Þ     0 = + -dq p V Vf i( ) 

    [Q dE = 0 for an isothermal process]

Þ    dq = - - =4 1 5 16( )  J

(ii)        dq n C T= ´ ´ D  (for Al)

Þ 16 J = 1 mol ´ 24 J mol- 1 K-1 ´ DT

Þ   DT =
16

24
 K =

2

3
 K

17. D D DG H T S= -

The process will be spontaneous, when 
     DG = - ve, i.e. | | | |T S HD D>

Given : DH = -200 1Jmol   and  DS = 40 JK mol- -1 1

Þ T
H

S
>

| |

| |

D

D
 = =

200

40
5 K      

So, the minimum temperature for spontaneity of the process is
5 K.

18. The con ver sion of 1 kg of ice at 273 K into wa ter va pours at 383
K takes place as fol lows:

D
D

D
S

H

T
1

1334

273
= =

-
Fusion

Fusion

kJ kg

K
 = 122.  kJ kg K- -1 1

  DS C
T

T
2

2

1

4 2= =ln .  kJ K kg- -1 1 ln
373

273

K

K

æ

è
ç
ç

ö

ø
÷
÷

   = ´ -4 2 2 303 373 273. . (log log ) kJ K kg- -1 1 

   = ´ -4 2 2 303 2 572 2 436. . ( . . ) = 131.  kJ K kg- -1 1

      D
D

D
S

H

T
3 =

vap.

vap.

=
-2491

373

1kJ kg

K

    = 6 67.  kJ kg K- -1 1

    DS
T

T
4

2

1

2= =Cln  kJ K kg- -1 1 ln
383

373

K

K

æ

è
ç
ç

ö

ø
÷
÷

           = ´ -2 2 303 383 373. (log log ) kJ K kg- -1 1

           = ´ -2 2 303 2 583 2 572. ( . . )  kJ K kg- -1 1

           = 0 05.  kJ K kg- -1 1

D D D D DS S S S STotal = + + +1 2 3 4

           = + + +122 131 6 67 0 05. . . .

           = 9 26.  kJ kg K- -1 1

19. For iso ther mal re vers ible ex pan sion,

| | lnW nRT
V

V

f

i

=  = nRT
V

Vi

ln   

where, V = final volume, Vi = initial final.

or   | | ln lnW nRT V nRT Vi= -

On comparing with equation of straight line, y mx c= + , we get

  slope = = +m nRT

 intercept = - nRT Viln  

Thus, plot of | |W  with lnV  will give straight line in which slope
of 2 2( )T  is greater than slope of 1 1( )T  which is given in all
options.

Now, if Vi < 1 then y intercept ( )- nRT Vi  becomes positive and
if it is positive for one case then it is positive for other case also.
Thus, it is not possible that one y-intercept goes above and other 
y-intercept goes below. Thus, option (b) and (d) are incorrect.

If we extent plot given in option (a) it seems to be merging
which is not possible because if they are merging they give same 
+ve y-intercept. But they cannot give same y-intercept because
value of T  is different.

Now, if we extent the line of T1 and T2 given in option (c) it
seems to be touching the origin. If they touch the origin then
y-intercept becomes zero which is not possible. Thus, it is not
the exactly correct answer but among the given options it is the
most appropriate one.
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20. Key idea Calculate the heat of combustion with the help of
following formula

D D DH U n RTp g= +

 where, DH p = Heat of combustion at constant pressure

     DU = Heat at constant volume (It is also called DE)

     Dng = Change in number of moles (In gaseous state).

      R = Gas constant; T = Temperature.

From the equation,

C H + 
15

2
O 6CO6 6 2 2( ) ( ) ( ) l g g¾® + 3H O2 ( )l

Change in the number of gaseous moles i.e. 

      Dng = -6
15

2
 = -

3

2
 or -15.

Now we have Dng and other values given in the question are

   DU = - 3263 9.  kJ/mol

            T = °25  C = +273 25 = 298 K

   R = 8 314.  JK mol1 1- -

So,  DH p = - + - ´( . ) ( . ) .3263 9 15 8 314 ´ ´-10 2983

      = - 3267 6.  kJ mol 1-

21. According to first law of thermodynamics, 

      D DU q W q p V= + = -

In isochoric process ( )DV = 0 , DU q=

In isobaric process ( )Dp = 0 , DU q=

In adiabatic process ( ),q = 0  DU W=

In isothermal process (DT = 0) and DU = 0

\ DU  is equal to adiabatic work.  

22. G H TS U pV TS= - = + -

Þ  dG dU pdV Vdp TdS SdT Vdp SdT= + + - - = -

[Q dU pdV dq TdS+ = = ]

Þ  dG Vdp=  if isothermal process ( )dT = 0

Þ  D DG V p=

Now taking initial state as standard state

G G V pgr gr gr- ° = D …(i)

G G V pd d d- ° = D …(ii)
Now (ii)-(i) gives,

   ( ) (V V p G G G Gd gr d gr gr d- D = - + -° °

At equilibrium, G Gd gr=

Þ    ( )V V p G Ggr d d gr- D = ° - ° = ´2 9 103.  J

Þ    Dp =
´

´ -

2 9 10

2 10

3

6

.
Pa = ´ =

29

2
10

29000

2
8 Pa  bar

 p p= +0

29000

2
 = + =1

29000

2
14501 bar

23. By first law,     DE Q W= +

For isothermal expansion, DE = 0

\             Q W= -

             - = = = -Q W p Virrev irrev D 3 2 1( ) = 3 L atm

Also, DS
Q

T
surr

irrev=  =
- ´( 3

300

101.3) J

K
 = -

303.9

300
 = - 1.013 JK-1

24. For the given reaction,

2 22 2NO O NO( ) ( ) ( )g g g+ s

Given,     DG f
° =( )NO 86.6 kJ/mol

            DG f
° =( ) ?NO2      

 Kp = ´1.6 1012

Now, we have,

      D D D DG G G Gf f f f
° = ° - ° + °2 2

2 2( ) ( ) ( )
[ ]

NO NO O

          = - = ° - ´ +RT K Gp fln 2 2 86 600 0
2

D
( )

[ , ]
NO

   DG Rf
° = ´ - ´ ´

( )
[ ln ( )]

NO2

1

2
2 86600 298 10121.6

   DG Rf
° = ´ - ´ ´

( )
[ , ( )ln ( )]

NO2
2 86 600 298 10120.5 1.6

25. PLAN This problem is based on assumption that total entropy change
of universe is zero.

At 100°C and 1 atmosphere pressure, 

         H O H O2 2( ) ( )l gr  is at equilibrium.

For equilibrium,        DS total = 0

and      D DS Ssystem surrounding+ = 0

As we know during conversion of liquid to gas entropy of
system increases, in a similar manner entropy of surrounding
decreases.

\              DS system > 0  and  DS surrounding < 0

26. The pro cess is iso ther mal ex pan sion, hence 

                 q W= -     

     DE = 0          

    W nRT
V

V
= – log2.303 2

1

   

         = - ´ ´ ´ ´  2.303  0.04  8.314  310  log 
335

50

      = - 208 J                    

        q = + 208 J 

     W = - 208 J      (expansion work)

27. At transition point (373 K, 1.0 bar), liquid remains in
equilibrium with vapour phase, therefore DG = 0. As
vaporisation occur, degree of randomness increases, hence 
DS > 0.

28. D D DG H T S° = ° - ° = – 54.07  ́103 J – 298 × 10 J 

           = – 57.05 × 103 J

Also,       DG° = - 2.303 RT log K

Þ      log K
G

RT
=

- °D

2.303
 

          =
´

=
57.05 10

5705

3

 10

29. Entropy is a state function hence,

   D D D DS S S SA B A C C D D B® ® ® ®= + +   

        = 50 eu + 30 eu + (– 20 eu)

        = 60 eu
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30. Given,  
p

V
= 1 Þ p V=   ...(i)

Also from first law : dq C dT pdVV= +

For one mole of an ideal gas : pV RT=

Þ     pdV Vdp RdT+ =  ...(ii)

From (i)        pdV Vdp=

Substituting in Eq. (ii) gives

      2pdV RdT=  Þ pdV
R

dT=
2

  

Þ       dq C dT
R

dTV= +
2

Þ     ò = + = + =
dq

dT
C

R
R

R
V

2

3

2 2
 2R

31. For an irreversible, adiabatic process;

0 2 1 2 1= - + -C T T p V VV e( ) ( )

Substituting the values

        C T TV ( ) ( )- = -2 1 2 1 atm L

Þ     T T
C RV

- = =2

1 2

3
   Þ  T T2

2

3
= -

´ 0.082

32. In case of reversible thermodynamic process,

D DH nC Tp=

\ Process is isothermal,  DT = 0  Þ  DH = 0

33. For a spontaneous process D G < 0

Also; D D DG H T S= -

For adsorption of gas on solid surface, DS < 0. Therefore, in
order to be DG < 0, DH  must be negative.

34. D D DH U pV= + ( )  = + - +30 2 5 3 5 4 2( ) ( – ) = 44 L atm.

35. Work is not a state-function, it depends on path followed.

36. In a reversible thermodynamic process, system always remains
in equilibrium with surroundings.

37.

Minimum value of activation energy must be greater than DH .

38. D D DH E n RTg= +   Þ    D D DH E n RT RTg- = = - 3

                        = - ´ ´3 2988.314 = - 7433 J = – 7.43 kJ

39. In the given curve AC rep re sents isochoric pro cess  as vol ume
at both the points is same i.e., V1

Similarly, AB represents isothermal process (as both the points
are at T1 temperature) and BC represents isobaric process as

both the points are at p2 pressure.

Now (i) for option (a)

q U nC T TAC V= = -D BC ( )2 1

where, n=  number of moles

     Cv = specific heat capacity at constant volume

However, W p V VAB ¹ -2 2 1( ) instead

W nRT
V

V
AB =

æ

è
ç
ç

ö

ø
÷
÷1

2

1

ln

So, this option is incorrect.

(ii) For option (b)

q H nC T TBC AC p= = -D ( )2 1

   where, Cp = specific heat capacity at constant pressure

   Likewise,

   W p V VBC =- -2 1 2( )

  Hence, this option is correct.

(iii) For option (c)

  as nC T T nC T Tp V( ) ( )2 1 2 1- < -

  so D DH UCA CA<

  and    q UAC BC=D  

  Hence, this option is also correct.

(iv) For option (d)

  Although q HBC AC=D

  but D DH UCA CA/>

  Hence, this option is incorrect.

40.
(a)

Maximum work is done on the system when compression
occur irreversibly and minimum work is done is reversible
compression.

(b)

(c) It is incorrect. In adiabatic expansion cooling is observed,
hence D DU nC Tv= < 0.

(d) q = 0 (adiabatic), W = 0 (Free expansion)

Hence, DU = 0, DT = 0  (Isothermal)

41. D
D

S
H

T
surr

surr

=
-

For endothermic reaction, if Tsurr  increases, DSsurr  will increase.
For exothermic reaction, if Tsurr  increases, DSsurr  will decrease.
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E
DH > 0

Reaction coordinates

–Wirr
P2P2

P1

V1 V2

P1

P2

V1 V2

–Wrev

Irreversible compression Reversible compression

P2

P1
A

V1 V2

C

B

AB is isothermal and AC is adiabatic path. Work
done is area under the curve. Hence, less work is
obtained in adiabatic process than in isothermal



42. PLAN This problem includes concept of isothermal adiabatic
irreversible expansion.

Process is adiabatic because of the use of thermal insolution
therefore, q = 0

Q          pext = 0
             w p V V= × = ´ =ext D D0 0

Internal energy can be written as  

   DU q W= + = 0

The change in internal energy of an ideal gas depends only on
temperature and change in internal energy ( )DU = 0 therefore, 
DT = 0 hence, process is isothermal and

   T T2 1=    

and   p V p V2 2 1 1=

(d)  p V p V2 2 1 1
g g=  is incorrect, it is valid for adiabatic

reversible process.

Hence, only (a), (b) and (c) are correct choices.

43. PLAN When an ideal so lu tion is formed pro cess is spon ta ne ous thus

According to Raoult’s law, for an ideal solution

  D DH V= =0 0, min

From the relation
D D DG H T S= -

Since,          DH = 0

\ DG = - ve           

i.e. less than zero. and DS surroundings = 0   

Therefore,             DS sys ve= +  

i.e. more than zero.

44. (a) Since, change of state ( , , )1 1 1p V T  to ( , , )p V T2 2 2  is iso ther mal
there fore, T T1 2= .

(b) Since, change of state ( , , )p V T1 1 1  to ( , , )p V T3 3 3  is an adiabatic 
expansion it brings about cooling of gas, therefore, T T3 1< .

(c) Work done is the area under the curve of p-V  diagram. As
obvious from the given diagram, magnitude of area under the
isothermal curve is greater than the same under adiabatic
curve, hence W Wisothermal adiabatic>

(d) D DU nC Tv=

In isothermal process, DU = 0 as DT = 0
In adiabatic process,   DU nC T Tv= - <( )3 1 0 as T T3 1< .

Þ         D DU Uisothermal adiabatic>
NOTE Here only magnitudes of work is being considered

otherwise both works have negative sign.

45. (a) En tropy is a state func tion, change in en tropy in a cy clic
pro cess is zero.

There fore, D D DS S SX Y Y Z Z X® ® ®+ + = 0

Þ       - D D DS S SZ X X Y Y Z® ® ®= +

                  = ®DSX Z

Analysis of options (b) and (c)

Work is a non-stable function, it does depends on the path
followed. WY Z® = 0   as DV = 0. 

Therefore,  W WX Y Z X Y® ® ®= . Also, work is the area under the

curve on p-V  diagram.

          

As shown above W W WX Y Y Z X Y® ® ®+ =  = ® ®WX Y Z but not
equal to WX Z® .

46. Re sis tance and heat ca pac ity are mass de pend ent prop er ties,
hence they are ex ten sive.

47. Internal energy, molar enthalpy are state function. Also,
reversible expansion work is a state function because between
given initial and final states, there can be only one reversible path.

48. Intensive properties are those property which do not depends
on amount of sample. Both temperature and refractive index
are intensive properties while enthalpy and volumes are
extensive properties as they depends on amount of sample.

49. Statement I is true, it is statement of first law of thermodynamics.

Statement II is true, it is statement of second law of
thermodynamics. However, Statement II is not the correct
explanation of statement I.

50. Statement I is false. At equilibrium 

DG = 0, G ¹ 0.

Statement II is true, spontaneous direction of reaction is towards 
lower Gibbs free energy.

51. Statement I is true.

 dq dE p dV= + =ext 0

DT = 0          

\               dE = 0 ; pext = 0

\                p dVext = 0

Statement II is true. According to kinetic theory of gases,
volume occupied by molecules of ideal gas is zero.

However, Statement II is not the correct explanation of Statement I.

52. L ® M  At con stant V  — isochoric,

N  ® K

53. PLAN By Boyle’s law at con stant tem per a ture,  p
V

µ
1

By Charles’ law at constant pressure, V Tµ

Process taking place at

Constant temperature — isothermal

Constant pressure — isobaric

Constant volume — isochoric

Constant heat — adiabatic
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W ® YX 

= W ®Y®ZX

X Y

Z

V

p
W ®YX

X Y

Z

V

p



K ¾® L At constant p, volume
increases

thus, heating

L ¾® M At constant V, pressure
decreases

thus, cooling

M ¾® N At constant p, volume
decreases

thus, cooling

N ¾® K At constant V, pressure
increases

thus, heating

54. (A) ® r, t ; (B) ® p, q, s ; (C) ® p, q, s ; (D) ® q, s, t

(A) H O( ) H O( )2
1

2l ss
atm

C0°

q<0, W <0 (expansion)

DS sys <0 (solid state is more ordered than liquid state)

DU <0 ; DG =0 (At equilibrium)

(B) q = 0 (isolated), W = 0 (pext  = 0)

D Ssys > 0   Q V V2 1>

D =U 0  Q  q W= = 0

DG < 0  Q p p2 1<

(C) q = 0 (isothermal mixing of ideal gases at constant p)

W = 0 Q D =U 0; q = 0, DS sys > 0

Q   V V2 1> , DU = 0 

Q D T = 0

D G < 0 Q mixing is spontaneous.

(D) q = 0 (returning to same state and by same path)

W = 0

DS sys = 0 (same initial and final states)

D U = 0

Q  T Ti f= , D G = 0

55. (A) CO ( ) CO ( )2 2s g¾ ®¾

It is just a phase transition (sublimation) as no chemical
change has occurred. Sublimation is always endothermic.

Product is gas, more disordered, hence DS is positive.

(B) CaCO  CaO  +  CO3 2( ) ( ) ( )s s g¾ ®¾

It is a chemical decomposition, not a phase change. Thermal
decomposition occur at the expense of energy, hence
endothermic. Product contain a gaseous species, hence, DS > 0.

(C) 2H   H2¾ ®¾ ( )g

A new H—H covalent bond is being formed, hence, D <H 0.

Also, product is less disordered than reactant, DS  < 0.

(D) Allotropes are considered as different phase, hence 

P(white, solid) ¾® P(red, solid) is a phase transition as well as

allotropic change.

Also, red phosphorus is more ordered than white

phosphorus, D <S 0.

56. Extensive : Enthalpy is an extensive property while molar
enthalpy is an intensive property.

57. Zero : - = =W p VD 0 Q DV = 0

58. Exothermic reaction.

59. Isolated  This system neither exchange matter nor energy with
surroundings.

60. R : For an ideal gas, C C Rp V- =

61. 900 cal : E RT= = ´ ´
3

2

3

2
2 300 cal

62. True  First law deals with conservation of energy while second
law deals with direction of spontaneous change.

63. True Diatomic gases have more degree of freedom than a
monatomic gas.

64. Work done along dashed path   | |- = DW p VS

= ´ + ´ + ´ 4  1.5  1  1  
2

3
  2.5 = 8.65 L atm

Work done along solid path - =W nRT
V

V
ln 2

1

 = p V
V

V
1 1

2

1

ln

    = ´2 2.3
5.5

0.5
log  = ´2 2 3 11. log  = 4.79

Þ                             
W

W
d

s

= = »
8.65

4.79
1.80 2

65. D D D D DH U pV U V p= + = +( )

Þ      D D DU H V p= -  

           = – 560 – 1  ́30  ́0.1 = – 563 kJ

66. DU q W= +

For adiabatic process, q = 0, hence DU W=

       W p V p V V= - = - -( ) ( )D 2 1

Þ    DU = - - =100 99 100 100( )  bar mL

     D D DH U pV= + ( )

where,    DpV p V p V= -2 2 1 1

67. He is monatomic, so it has only three degree of freedom
(translational only) at all temperature hence, CV value is

always 
3

2
R.

Hydrogen molecule is diatomic, has three translational, two
rotational and one vibrational degree of freedom. The energy
spacing between adjacent levels are in the order of :

translational < rotational < vibrational

At lower temperature only translational degree of freedom
contribute to heat capacity while at higher temperature
rotational and vibrational degree of freedom starts contributing
to heat capacity.

68. (i)                                                     

(ii)         - = =W p V1 20D L atm

 W2 0= Q DV = 0

 W nRT3

40

20
20 2= =ln ln
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Total work done    = + +W W W1 2 3

 = - + +20 0 20 2L atm ln

 = – 6.14 atm

From first law :  q E W W= + - = -D ( )

(Q DE = 0 for cyclic process)

Þ                       q = 6.14 L atm = 622.53 J

(iii) All the states function, D DU H,  and DS  are zero for cyclic
process.

69. At equilibrium :   B Ar

              95.2%      1.3%  

Þ  K1

13

952
=

         B Cr

              95.2%      3.5%  

Þ    K2

35

952
=  

Þ   DG RT K1 1
° = - ln

= – 8.314  ́448  ́2.303 log
13

952
 = 16 kJ

   DG RT K2 2
° = - ln

   = – 8.314  ́448  ́2.303 log
35

952

  = 12.3 kJ

70. D Dr fG G° = ° (products) – D fG° (reactants)

    = – 394.4 – (– 137.2) = – 257.2 kJ < 0

The above negative value of DG indicates that the process is
spontaneous.

Also,  D D DG H T S° = ° - °

Þ   D D DH G T S° = ° + °

      = – 257.2 + 300 (– 0.094) 

      = – 285.4 kJ < 0

71. Given : CV = 12.49 Þ Cp = 20.8

Þ   
C

C

p

V

= =g 1.66

In case of reversible adiabatic expansion :

       TV g- =1 constant

Þ         
T

T

V

V

V

V
2

1

1

2

1

1

2

=
æ

è
ç
ç

ö

ø
÷
÷ =

æ

è
ç
ç

ö

ø
÷
÷

-g 0.66

Þ            T T
V

V
2 1

1

2

=
æ

è
ç
ç

ö

ø
÷
÷

0.66

                =
æ

è
ç

ö

ø
÷ =300

1

2

0.66

189.86 K

Þ D DH nC Tp=

=
´

´
´ ´ -

1 1.25

0.082 300
20.8 (189.86 300) J

= – 116.4 J

72. Let the mixture contain x litre of CH4 and 3.67 - x litre of

ethylene.

CH + O CO4 2 2
x x

¾®

      C H + O 2CO2 4 2 2

2 (3.67 )3 67. - -

¾®
x x

Given :  x x+ - =2 (3.67 )  6.11 L

Þ x = 1.23 L  

Volume of ethylene = 2.44 L

Total moles of gases in l litre = =
´

´
=

pV

RT

1 1

0.082 298
0.04

Also, CH4 and ethylene are in 1 : 2 volume (or mole) ratio, moles 

of CH
0.04

3
4 =  and moles of ethylene =

´2 0.04

3

Þ Heat evolved due to methane = ´
0.04

3
891 = 11.88 kJ

Heat evolved due to ethylene =
´

´
2 0.04

3
1423 = 37.94 kJ

Þ Total heat evolved on combustion of 1.0L gaseous mixture
at 25°C is 11.88 + 37.94 = 49.82 kJ

73. Moles of H O2  needs to perspire =
´

=
1560

2 44
17.72

Weight of water needs to perspire = 17.72 ´ 18 = 318.96 g

74. At constant pressure, q H= D .

Topic 2 Thermochemistry

  1. Key Idea  When q is the amount of heat involved 

in a system then at constant pressure
      q qp=  and C T HpD D=

Given reaction :

I I2 2( ) ( )s g¾®

Specific heat of I2 0 055( ) .s =  cal g-1 K-1.

Specific heat of I (vap) cal g K–1 –1
2 0 031= . .

Enthalpy ( )H 1  of sublimation of iodine = 24 cal g–1

If q is the amount of heat involved in a system then at constant
pressure q qp=  and

       D DH C Tp=

  H H C T Tp2 1 2 1- = -( )

     H H C T Tp2 1 2 1= + -D ( )

       H 2 24 0 031 0 055 250 200= + - -( . . ) ( )

       H 2 24 0 024 50= + -( . ) ( ) = - =24 12 22 8. .  cal/g

Thus, the enthalpy of sublimation of iodine at 250°C is 
22.8 cal/g.

2. Second equation given in this question is wrong. Hence, No

answer in correct.

If corrected second equation is given, 

i.e. C(graphite)  
1

2
 O ( )  CO ( )2+ ¾®g g
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and if we take the above reaction in consideration then x y z= +
will be the answer as:

(ii) C(graphite) CO+ ¾®
1

2
2O (( ) )g g , DrH y° =  kJ/mol

(iii) CO CO( ) ( ) ( )g g g+ ¾®
1

2
2 2O , DrH z° =  kJ/mol

Summing up both the equation you will get equation (i):

C(graphite)  O CO2 2+ ¾®( )  ( )g g ,   DrH x°=  kJ/mol

Hence, x, y and z are related as:

x y z= +  

3. Based on given DrH °

D f H H° = ° = -CO2
393 5.  kJ mol  1- …(i)

D =f H H° ° = -H2O 285 8.  kJ mol  1-  …(ii)

D =f H H° ° =O2
0.00 (elements)  …(iii)

Required thermal reaction is for D f H ° of CH4

Thus, from III

890.3 = ° °[ ( )]D Df fH H(CH )4 + 2 O2     

        - ° + °[ ( )D Df fH HCO (H O)2 22 ]

= ° - - - ´D f H (CH ) + 0]  [  393.5  2  285.5]4

\     D f H ° -(CH ) =  74.8 kJ / mol4

4. C O CO2 2( ) ( ) ( )s g g+ ¾®  ; DH = -393.5  kJ  mol 1-       …(i)

CO O CO2 2+ 
1

2
  ( )¾® g ; DH = - 283.5 kJ mol 1-  …(ii)

On subtracting Eq. (ii) from Eq. (i), we get 

C O CO2( ) ( ) ( )s g g+
1

2
¾® ;

DH = - +(  393.5  283.5) kJ mol 1-  

  = - 110  kJ mol (approx.)1-

5. C H OH 3O 2CO2 5 2 2( ) +   l g g( ) ( )¾®  + 3H O2 ( )l

       DU = - 1364 47.  kJ/mol

       D D DH U n RTg= +

       Dng = -1

 DH  =   +-
- ´ ´

1364.47
 1  8.314  298

1000

[Here, value of R in unit of J must be converted into kJ]

= - -1364 47 2 4776. .    = - 1366 94. 76 kJ/mol

or       = - 1366.95 kJ/mol        

6. PLAN D cH ° (Stan dard heat of com bus tion) is the stan dard enthalpy
change when one mole of the sub stance is com pletely oxi dised.

Also standard heat of formation ( )D f H °  can be taken as the
standard of that substance.

   H Hf° = ° = - -
CO 2

1
2

CO 400 kJ molD ( )

    H HfH O2 2
° = ° = - -D ( )H O 300 kJ mol 1

          H Hfglucose
° = °D  (glucose) = - -1300 kJ mol 1

       H HfO O
2 2

° = ° =D ( ) 0.00                  

    C H O 6 O CO 6H O6 12 6 2 2 2( ) ( ) ( ) ( )s g g l+ ¾® +6

DcH ° (glucose) = ° + °6 2[ ( ) ( )]D Df fH HCO2 H O

- ° + °[ ( ) ( )]D Df fH HC H O6 12 6 6 2O

    = - - - - + ´6 400 300 1300 6 0[ ] [ ]

= - -2900 kJ mol 1              

Molar mass of C H O6 12 6 180= g mol -1

Thus, standard heat of combustion of glucose per gram

        =
-

= - -2900

180
16.11 kJ g 1

To solve such problem, students are advised to keep much
importance in unit conversion. As here, value of R 
(8.314 J K  mol1 1- - ) in JK  mol1 1- -  must be converted into kJ by

dividing the unit by 1000.

7. For calculation of C Cºº  bond en ergy, we must first cal cu late

dis so ci a tion en ergy of C H2 2 as

 C H  2C( ) + 2H( )2 2( )g g g   ¾® …(i)

Using the given bond energies and enthalpies :

   C H 2C 2H2 2 ( ) ( ) ( )g g g     + ¾® ;   DH = - 225 kJ …(ii)

          2C 2( )s g¾® C( );       DH = 1410 kJ  …(iii)

    H     2 ( ) ( )g g¾® 2H ;        DH = 330 kJ   …(iv)

Adding Eqs. (ii), (iii) and (iv) gives Eq. (i).

Þ C H C H2 2 2 2( ) ( ) ( )g g g     + ¾® ; DH = 1515 kJ

Þ 1515 kJ  2  (C H) BE  (C  C) BE= ´ ¾ + ºº

= ´ + ºº2 350 ( )C C  BE

Þ       ( )   C C BE 1515  700  815 kJ / molºº = - =

8. El e ments in its stan dard state have zero enthalpy of for ma tion. 
Cl2 is gas at room tem per a ture, there fore D °H f of Cl2( )g  is zero.

9. C—C bond en ergy is ap prox i mately 100 kcal.

10. T
H

S
= = =

D

D

vap

vap

 400 K
30 000

75

,

11.
1

2
H ( ) +

1

2
F ( ) HF( )2 2g g g¾®

Here DH ° = Standard molar enthalpy of formation of HF(g).

12. CO ( ) + H ( ) CO( ) + H O( )2 2 2g g g g¾®

D SD SDH H Hf f= ° - °( ) ( )products reactants

      = – 110.5 – 241.8 – (– 393.5) = + 41.20 kJ

13. H O H +
1

2
O2 2 2¾® , DH > 0

It is reverse of combustion of H ( )2 g , hence endothermic.

        C H C H   H2 6 2 4 2¾® + ; DH > 0

Here, more stable (saturated) hydrocarbon is being transformed
to less stable (unsaturated) hydrocarbon, hence endothermic.

C C(gr) (d)¾® , DH > 0

More stable allotrope is being converted to less stable allotrope.

14. PLAN Heat of re ac tion is de pend ent on tem per a ture (Kirchhoff’s
equa tion) in het er o ge neous sys tem, equi lib rium con stant is
in de pend ent on the mo lar con cen tra tion of solid spe cies.

Heat of reaction is not affected by catalyst. It lowers activation
energy.

    CaCO CaO CO3 2( ) ( ) ( )s s gr +
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By Kirchhoff’s equation,

D D DH T H T C T Tp° = ° + -2 2 1 1 2 1( ) ( ) ( )at at

DH ° varies with temperature. Thus, (a) is correct. 

K p= CO2

K  is dependent on pressure of CO2 but independent of molar
concentration of CaCO .3  Thus, (b) and (c) are correct. At a given 
temperature, addition of catalysis lowers activation energy, DH
remaining constant.  Thus, (d) is also correct.

Ea = Activation energy in absence of catalyst

Ea
¢ = Activation energy in presence of catalyst

15. Temperature rise = - =T T2 1 298.45 – 298 = 0.45 K

q = heat capacity ´ DT  = 2.5  ́0.45 = 1.125 kJ

Þ Heat produced per mole = ´ =
1.125

3.5
9 kJ28

16. D DH Hr f
° = ° (B O )2 3  + 3DH f

° (H O)2  – DH f
° ( )B H2 6

 DH gf
° (H O)( )2  = °DH lf (H O)( ) + 442 = – 242 kJ

Þ        DH r
° = – 1273 – 3  ́242 – 36 

=  – 2035 kJ      

17. SF ( ) S ( ) + 6F ( )6 g g g¾®

 D S D S DH H Hf f= ° - °(products) (reactants)

  = 275 + 6  ́80 + 1100 = 1855 kJ

Þ Average S—F bond energy =
1855

6
 = 309.16 kJ/mol

18. Given : Cyclopropane ¾®Propene (C H );3 6  DH = - 33 kJ

Propene (C H )3 6  + ¾®
9

2
2O 3CO ( ) + 3H O( );2 2g l

DH = – 3 (393.5 + 285.8) – 20.42 = – 2058.32 kJ

Adding :

Cyclopropane + ¾®
9

2
32O ( ) ( )g g g3CO ( ) + H2 2  ;

DH H H= +1 2        

  = - + -33 2058 32( . )kJ

        DH = - 2091.32 kJ

19. Given : CH OH ( ) CH OH ( );3 3g l¾® DH = - 38 kJ

C ( ) + 4H ( ) + O ( ) CH OH ( );3g g g g¾®

        DH = - ´ + +( )3 415 356 463

Q            H H H    1 2= +  = - 2064 kJ

   C( ) C( );g g¾® DH = 715 kJ

 2H ( ) 4H ( );2 g g¾®

DH = ´ ´2 2 218 = 872 kJ
1

2
2O O( ) ( );g g¾® DH = 249 kJ

Adding : C (gr) + 2H ( ) +
1

2
O CH OH( )2 2 3g g l( ) ¾®

    DH = - 266 kJ/mol

        =
´

´
´ ´ -

1 1.25

0.082 300
20.8 (189.86 300) J

        = -116.4 J

20.

 

– 357 kJ = DH f
° (cyclohexane) - °DH f (C H )6 6

Þ DH f
° (C H )6 6 Theoretical  = – 156 + 357 = 201 kJ

Þ Resonance energy = °DH f  (exp.) - °DH f (Theoretical)

           = 49 – 201 = – 152 kJ/mol

21. Per mole of ethylene polymerized, one C C==  bond is broken

and two C—C bonds are formed.

   DH ° (Polym.) = - ´590 2 311

            =  – 32 kJ/mol

22. At same temperature and pressure, equal volumes contain equal
moles of gases.

Let 1.0 L of CH4 contain ‘n’ mol

Þ x L of CH4 contain nx mol

Þ Heat evolved in combustion by x L CH4 = 809 nx kJ

Now, 2878 kJ energy is evolved from 1 mole 
1

n
L

æ

è
ç

ö

ø
÷ C H4 10.

Þ 809 nx kJ energy will be evolved from 
809

2878

nx

n
 L of C H4 10

= 0.28 x L of C H4 10

Also, the combustion reaction of butane is

C H + O 4CO + 5H O4 10 2 2 2

13

2
¾®

Þ Rate of supply of oxygen = ´ ´
13

2
30.28 x

= 5.46 x L/h

23. First we need to determine heat of combustion of C H3 8.

  3C(gr) + H ( ) C H ( )2 3 84 g g¾® DH f
° = - 103 kJ

Þ – 103 kJ = – 3 ´ 393 – 4  ́285.80 –  D Hcomb (C H )3 8
°
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CaCO3

CaO + CO2
T

DH°
E'

Ea

a

E'a <Ea

+  H2 ;     DH = –119   

;+ 3H2Þ

DH = –119 × 3 = – 357 kJ (Theoretical)   



Þ D Hcomb (C H )3 8
°  = – 2219.20 kJ

Þ D S D S DH H Hr
° = ° - °

comb comb(reactants) (products)

     = – 2219.20 – 285.80 + 1560 + 890

= – 55 kJ

24. Let x kcal be the C—C bond energy and y kcal be the C—H bond 
energy per mole.

Þ  2C(gr) + H ( ) C H ( )2 2 63 g g¾®  ;

DH ° = – 2 ́  94 – 3 ́  68 + 372

=  – 20 kcal         

Þ   –  20 kcal = ´ + ´ -2 172 3 104 BE (C H )2 6

Þ BE (C H )2 6  = 676 kcal

Similarly, 3C(gr) + H ( ) C H ( )2 3 84 g g¾®  ;

    DH ° =  – 3  ́ 94 – 4  ́68 + 530

       = – 24 kcal     

Þ   – 24 kcal = ´ + ´ -3 172 4 104 BE (C H )3 8

Þ   BE (C H )3 8  = 956 kcal

Also,    BE (C H )2 6   =  676 kcal = +x y6 …(i)

      BE (C H )3 8   =  956 kcal = +2 8x y …(ii)

Solving Eqs. (i) and (ii) gives

y = 99 kcal (C—H) BE

x =82 kcal (C—C) BE

25.

  D S D S DH H H= ° - °
comb comb(reactants) (products)

   = – 3800 – 241 – (– 3920)

   = – 121 kJ/mol

26. Fe O ( ) + Al ( ) Al O ( ) + 2Fe( )2 3 2 3s s s s2 ¾®

  D D DH H Hr f f
° = ° - °(products) (reactants)

   = – 399 – (– 199)

   = – 200 kcal

Mass of reactants = ´ + ´ + ´ =56 2 16 3 27 2 214 g

Þ Fuel value/gram = =
200

214
0.93 kcal/g

 Volume of reactants =
160

5.2
cc + 

54

2.7
 cc = 50.77 cc

Þ     Fuel value/cc = =
200

50.77
3.94 kcal/cc

27.  D S D S DH H Hf f= ° - °(products) (reactants)

  = – 2  ́94.1 – 3  ́68.3 – (– 21.1)

  = – 372 kcal/mol

28.
1

2
H ( ) + Cl ( ) HCl ( );2 2g g g

1

2
¾®       DH f

°  

D S SH f
° = -BE (reactants) BE (products)

   = + -
1

2
104 58 103( )   = – 22 kcal/mol

29. C H + H C H2 2 2 2 4¾®

  D S D S DH H H° = ° - °
comb comb(reactants) (products)

     = – 310.6 – 68.3 – (– 337.2)

         = – 41.7 kcal

30. The standard state formation reaction of C H ( )2 2 g  is :

2C( ) + H ( ) C H ( );2 2 2g g g¾® DH f
°  

D S D S DH H Hr
° = ° - °

comb comb(reactants) (products)

   = – 2  ́94.05 – 68.32 – (– 310.62)

   = 54.2 kcal = DH f
° (C H )2 2

31. D S D S DH H Hr f f
° = ° - °(products) (reactants)

   = – 94.1 + 4 (– 22.1) – (– 25.5 – 2  ́57.8)
   = – 41.4 kcal

32. D S SH ° = -BE (reactants BE products) ( )

Þ  - = + - ¾10.06 104.18 118.32 BE (O H)
1

2

1

2
( ) ( )

BE (O—H) = 121.31 kcal

33. Let C JK-1 be the heat ca pac ity of cal o rim e ter.

Mass of solution = ´ =-200 1 2001mL g mL g

Heat evolved in Expt.1

     = ´ ´57 1000 0 1. ( )mol  = 5700 J

Þ  5700 J = ´ + ´( . ) .200 4 2 5 7C

Þ      1000 200 4 2= ´ +. C       …(i)

Let x kJ/mol is heat evolved in neutralisation of acetic acid.

Þ   x ´ ´1000 010. = ´ + ´( . ) .200 4 2 5 6C

Þ      
x

C
´

= ´ +
100

5 6
200 4 2

.
.           …(ii)

From (i) and (ii) : x = 56  kJ/mol

Þ  Enthalpy of ionisation of acetic acid
    = - - - =56 57 1( )   kJ/mol

34. CH COOH + NaOH CH COONa + H O3 3 2®

   200 mmol        100 mol                  0      0

   100 mmol           0        100 mmol

A buffer is now formed.

    K a = =
-

+[H CH COO

[CH COOH]
H

+
3

3

] [ ]
[ ]

[ [ [ ]]Q CH COOH] CH COO3 3= -

Þ       pH = = - ´ -pK a log ( )2 10 5   = - =5 2 4 7log .
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