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Thermodynamics

Topic-1: Thermodynamics
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One mole of an ideal gas at 300 K in thermal contact with
surroundings expands isothermally from 1.0 L to 20 L
against a constant pressure of 3.0 atm. In this process, the
change in entropy of surroundings (AS, ) in JKis

(1Latm=101.3)) [Adv. 2016]
(@) 5763 (b) 1013
() -1.013 (d) -5.763

A mono-atomic ideal gas undergoes a process in which
the ratio of P to I at any instant is constant and equals to
1. What is the molar heat capacity of the gas

[2006-3M;-1]
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When one mole of monoatomic ideal gas at TK undergoes
adiabatic change under a constant external pressure of
1 atm, volume changes from 1 litre to 2 litre. The final
temperature in Kelvin would be [2005S]
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Two moles of an ideal gas is expanded isothermally and
reversibly from 1 litre to 10 litres at 300 K. The enthalpy
change (in kJ) for the process is [2004S]
(@ 114k (b) —114k) (c) 0kl (d) 4.8k]
One mole of a non-ideal gas undergoes a change of state
(2.0atm, 3.0L, 95 K) — (4.0 atm, 5.0 L, 245 K) with a change
in internal energy, AU=30.0 Latm. The change in enthalpy
(AH) of the process in L atm is [2002S]
(a) 400

(b) 423

(c) 440

(d) not defined, because pressure is not constant
Which one of the following statements is false? [20018]
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8.

Work is a state function.

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.

In thermodynamics, a process is called reversible when

[20018S]

(a)
(b)

(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.

2

Consider the following volume-temperature (V-T) diagram
for the expansion of 5 moles of an ideal monoatomic gas.
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Considering only P-V work is involved, the total change in
enthalpy (in Joule) for the transformation of state in the
sequence X—>Y—Z is [Adv. 2024]
[Use the given data: Molar heat capacity of the gas for the
given temperature range, C, | =12 K~ mol~! and gas
constant, R= 8.3 JK-! mol'].

One mole of an ideal monoatomic gas undergoes two
reversible processes (A — Band B— C) as shown in the
given figure: [Ady. 2023]
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A — Bis an adiabatic process. If the total heat absorbed
in the entire process (A — Band B — C) is RT, In 10, the
value of 2 log V, is |

[Use, molar heat capacity of the gas at constant pressure,

5
Cm= 5 R]
In a one-litre flask, 6 moles of A undergoes the reaction
A (g) = P (g). The progress of product formation at two

temperatures (in Kelvin), T, and T,, is shown in the figure:
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IfT, =21, and(ﬂGE = AG;’] =RT, Inx, then the value of

xis [Adv. 2023]

[ AGj and AG are standard Gibb's free energy change for

the reaction at temperatures T, and T,, respectively.]

One mole of an ideal gas at 900 K, undergoes two reversible
processes, I followed by II, as shown below. If the work
done by the gas in the two processes are same, the value

ofln 2.4 [Adv. 2021]
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13.

(U internal energy, S': entropy, p: pressure, ¥ : volume, R:
gas constant)
(Given: molar heat capacity at constant volume, Cy pof

the gas is %R)
One mole of an ideal gas is taken from a to b along two
paths denoted by the solid and the dashed lines as shown
in the graphs below. If the work done along the solid line
path w, and that along the dotted line path is w,, then the
integer closest to the ratio wylwis: [2010]
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In a constant volume caloritmeter, 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 increase
from 298.0 K to 298.45 K due to the combustion process.
Given that the heat capacity of the calorimeter is 2.5 k] K~1,
the numerical value for the enthalpy of combustion of the
gas in kI mol ! is [2009 - 6M]

Qusetion Stem for Question no. 14 & 15

The entropy versus temperature plot for phases o and Batl
bar pressure is given. S; and S are entropies of the phases at
temperatures T and 0 K, respectively.

oo

Sy—8, (I mol ' K )

600
Temperature (K)

The transition temperature for o to B phase changeis 600 K and
Cop~Cpo=1Imol ' K-, Assume (C,5—C,o) isindependent
of temperature in the range of 200 to 700 K. C,qand C,, are
heat capacities of o and B phases, respectively.

14.

15,

16.

The value of entropy change, S, —S_(in Jmol ! K1), at
300K is ; [Adv. 2023]
[Use:In 2=0.69

Given; Sp -S,=0at0K]

The value of enthalpy change, H,—H,_ (in Jmal™), at 300
Kis . [Adv. 2023]

The value of standard enthalpy, A#® (in kI mol-!) for the
given reaction is [Adv. 2021]




17. Thevalue of AS® (in JK~! mol™!) for the given reaction, at
1000 K is ; [Adv. 2021]

18. Tin is obtained from cassiterite by reduction with coke.
Use the data given below to determine the minimum
temperature (in K) at which the reduction of cassiterite by
coke would take place. [Adv. 2020]

At298K: AH®(Sn0, (s)) = ~581.0 kJ mol !,
AcH(CO5 () = -394.0 kI mol™,
5%(Sn0,(s) =56.0 I K™ mol ™",
5°(Sn(s))=52.0 I K ' mol ™},

§%(C(s)) =6.0 T K mol ™,

5%(C0O,(g)=210.0 I K" mol ™.,

Assume that the enthalpies and the entropies are
temperature independent.
19. For thereaction, 2C0O + 0, — 2C0O;; AH = —560k]J.
Two moles of CO and one mole of O, are taken in a
container of volume 1 L. They completely form two moles
of CO,, the gases deviate appreciably from ideal behaviour.
If the pressure in the vessel changes from 70 to 40 atm,
find the magnitude (absolute value) of AU at 500 K.
(1 Latm=0.1kJ) [2006 - 6M]
A sample of argon gas at 1 atm pressure and 27 °C expands
reversibly and adiabatically from 1.25 dm? to 2.50 dm3.
Calculate the enthalpy change in this process. C;, ,, for
argon is 12.48 JK~! mol~!. [2000 - 4 Marks]
21.  Anathlete is given 100 g of glcuose (C4H;,0,) of energy
equivalent to 1560 kJ. He utilizes 50 percent of this gained
energy in the event. In order to avoids storage of energy
in the body, calculate the weight of water he would need
to perspire. The enthalpy of evaporation of water is 44 kJ/
mole. [1989 - 2 Marks]

22. Enthalpyisan .............. property. [1997 - 1 Mark]
23. Asystemissaidtobe................ if it can neither exchange
matter nor energy with the surroundings. [1993 - 1 Mark]

20.

D1 - TR

24. Heat capacity of a diatomic gas is higher than that of a
monoatomic gas. [1985 - 12 Mark]

25. First law of thermodynamics is not adequate in predicting
[1982 - 1 Mark]

the direction of a process.

a1

26. An ideal gas undergoes a reversible isothermal expansion
from state I to state II followed by a reversible adiabatic
expansion from state II to state IIl. The correct plot(s)
representing the changes from state I to state III is (are)
(p : pressure, V' : volume, T : temperature, & : enthalpy.
S : entropy) [Adv. 2021]
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In thermodynamics, the P— ¥ work done is given by
w=—[dV By,.

For a system undergoing a particular process, the work
done is,

This equation is applicable to a [Adyv. 2020]

(a) system that satisfies the van der Waals equation of state.
(b) process that is reversible and isothermal.

(c) process that is reversible and adiabatic.

(d) process that is irreversible and at constant pressure.
Areversible cyclic process for an ideal gas is shown below.
Here, P, ¥, and T are pressure, volume and temperature,
respectively. The thermodynamic parameters ¢, w, H and
U are heat, work, enthalpy and internal energy,
respectively. [Adv. 2018]

h

AP, V1, 1Y) C (P V1, T3)

Volume (¥

B(Py ¥y T))

W

Temperature (T)

The correct option(s) is (are)

(@) g -=AUgcandw,,=P(V,-V))

(b) wy=Py(V,-V,) andgy.=AH,.

© AH  <AU andq, =AU,

(d) qpc=AH, . andAH_ > AU,

An ideal gas is expanded from (P, V,, T}) to (P,, ¥, %)
under different conditions. The correct statement(s) among
the following is (are) [Adv. 2017]
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30.

31.

32,

The work done on the gas is maximum when it is
compressed irreversibly from (P,, V) to (P, V)
against constant pressure P,

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

The work done by the gas is less when it is expanded
reversibly from V| to V, under adiabatic conditions
as compared to that when expanded reversibly from
¥, to V, under isothermal conditions

The change in internal energy of the gas is (i) zero, if
it is expanded reversibly with 7| = T, and (ii) positive,
ifit is expanded reversibly under adiabatic conditions
with T, # T,

An ideal gas in a thermally insulated vessel at internal
pressure = P,, volume = ¥, and absolute temperature = T,
expands irreversibly against zero external pressure, as
shown in the diagram. The final internal pressure, volume
and absolute temperature of the gas are P, ¥, and T,
respectively. For this expansion, [Adv.2014]

@)

(b)
(©

(d)

(@ ¢=0
(¢) P,V,=P\V;

b T =1,

(d PV,Y=P VY

The reversible expansion of an ideal gas under adiabatic
and isothermal conditions is shown in the figure. Which
of the following statement(s) is (are) correct ? [2012-1i|

1 (Pls Vl’ Tl)
isothermal
P (Pyu Vo T)
adiabatic (Pyy Vs Ty)
= >
@ T\,=T,
b T3>T,
(c) Wisothermal 8 Wadiabatic
isothermal ~ AV adiabatic

For an ideal gas, consider only PV work in going from an
initial state X to the final state Z. The final state Z can be
reached by either of the two paths shown in the figure.
‘Which of the following choice(s) is (are) correct?

[Take ASas change in entropy and was work done]. [2012]

N
5| X = Y
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34.

35

36.

()
(b)

ASy ,z=ASy ,y+ ASy .7

Wz ™ W et Wip
©) wy,rsz= Wroy
(d) ASy,y,z=ASy,y
Among the following, the intensive property is (properties
are) [2010]
(a) molar conductivity (b) electromotive force
(c) resistance (d) heat capacity
Among the following the state function(s) is (are)  [2009]
(a) Internal energy
(b) Irreversible expansion work
(c) Reversible expansion work
(d) Molar enthalpy
Identify the intensive quantities from the following:
[1993 - 1 Mark]

(a) Enthalpy (b) Temperature
(c) Volume (d) Refractive Index

| Madd the o TR ISR
Match the thermodynamic processes given under Column-
I'with the expressions given under Column-II. [Adv. 2015]

Column-I Column-I1
(A) Freezing of water at (p) g=0
273K and 1 atm

(B) Expansion of 1 molof (g) w=0
an ideal gas into a
vacuum under isolated
conditions
(C) Mixing of equal volumes (r) ASS)rs <0
of two ideal gases at
constant temperature
and pressure in an
isolated container
(D) Reversible heating of
H,(g)at 1 atm from
300K to 600 K, followed
by reversible cooling
to300K at 1 atm

(s) AU=0

(t) AG=0

S Compretiension Pussge Based Qrisions 154

Passage-I

The amount of energy required to break a bond is same as the
amount of energy released when the same bond is formed. In
gaseous state, the energy required for homolytic cleavage of a
bond is called Bond Dissociation Energy (BDE) or Bond Strength.
BDE is affected by s-character of the bond and the stability of
theradicals formed. Shorter bonds are typically stronger bonds.
BDEs for some bonds are given below :

TN : .

HyC- H(g)— HyC'(g) + H' (z)  AEP=105 keal mol-!
Cl-Cl(e)——CI°(@)+CI'(5)  AHP=58 keal mol!
H;C - Cl(g)—— H3C"(g) +C1°(g) AH°=85kcal mol!

H-Cl(g)—H"(g)+CI’(g)

AHP =103 kecal mol™!




37.

38.

Correct match of the C—H bonds (shown in bold) in Column

J with their BDE in Column K is
Column J Column K
Molecule BDE (kcal mol™)
(P) H-CH(CH,), @ 132
(Q H-CH,Ph G 110
(R) H-CH=CH, (iii)y 95
(S H-C=CH (iv) &8 [Adv. 2021]
(@) P—iii,Q—iv, R—ii,S—i
(b) P-i,Q—ii,R—iii,S—iv
(c) P-iii,Q—ii,R-i,S—iv
(d) P-ii,Q-i, R—iv, S—iii
For the following reaction
CH,(@)+ Cly(g) —£% CH,Cl(g)+HCl(g)
the correct statement is [Adv. 2021]

(a) Initiation step is exothermic with AH®=— 58 keal mol~!
(b) Propagation step involving "CH; formation is exother-
mic with AF°=—2 kcal mol™.
(c) Propagation step involving CH,Cl formation is en-
dothermic with AHP =+ 27 kcal mol~!.
(d) Thereaction is exothermic with AH® =— 25 kcal mol™!.
Passage-I1

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

39,

40,

[Adv.2013]

Pressure

=

Volume

The succeeding operations that enable this transforma-
tion of states are

(@) Heating, cooling, heating, cooling

(b) Cooling, heating, cooling, heating

(c) Heating, cooling, cooling, heating

(d) Cooling, heating, heating, cooling

The pair of isochoric processes among the transformation
of states is

(a) KtoLandLtoM

(b) LtoMandNtoK

(c) LtoMand MtoN

(d) MtoNand NtoK

A33

Each question contains STATEMENT-1 (Assertion) and
STATEMENT-2 (Reason). Each question has 4 choices (a), (b), ()

and (d) out of which ONLY ONE is correct. Mark YOUur answer as

(a)

(b)

(©)
(d)
41.

42,

If both Statement -1 and Statement -2 are correct,
and Statement -2 is the correct explanation of the
Statement -1.

If both Statement-1 and Statement-2 are correct,

but Statement-2 is not the correct explanation of the

Statement-1.

If Statement -1 is correct but Statement -2 is incorrect,

If Statement -1 is incorrect but Statement -2 is correct.
Statement - 1 : There is a natural asymmetry between
converting work to heat and converting heat to work.
Statement - 2 : No process is possible in which the sole
result is the absorption of heat form a reservoir and its
complete conversion into work. [2008S]
Read the following statement and explanation and answer
as per the options given below :

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

Reason : The volume occupied by the molecules of an
ideal gas is zero. [20008]

43.

44,

45.

46.

An insulated container contains 1 mol of a liquid, molar
valume 100 miL, at 1 bar. When liquid is steeply pressed to
100 bar, volume decreases to 99 mL. Find. AH and AU for
the process. [2004 - 2 Marks]
C, value of He is always 3R/2 but C, value of H, is 3R/2 at
low temperature and 5R/2 at moderate temperature and
more than 5R/2 at higher temperature. Explain in two to
three lines. [2003 - 2 Marks]
Two moles of a perfect gas undergo the following
processes: [2002 - 5 Marks]
(a) areversible isobaric expansion from (1.0 atm, 20.0 L)
to (1.0 atm, 40.0 L),
(b) areversible isochoric change of state from (1.0 atm,
40.0 L) to (0.5 atm, 40.0 L);
(c) areversible isothermal compression from (0.5 atm,
40.0L)to(1.0atm, 20.0L).
(i) Sketch with labels each of the processes on the
same P-Vdiagram.
(i) Calculate the total work () and the total heat
change (g) involved in the above processes.
(iii) What will be the values of AU, AH and AS for
the overall process?
“The heat energy g, absorbed by a gas is AH”, is true at
what condition(s). [1984 - 1 Mark]
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Topic-2: Thermochemistry

The standard state Gibbs free energies of for‘matlon of
C(graphite) and C(diamond) at T—- 208 K are

A¢ GO [C(graphite)] = 0 kJ mol !

AfGO[C(dl.amond)] 2.9k mol!

The standard state means that the pressure should be 1
bar, and substance should be pure at a given temperature,
The conversion of graphite [C( gmphltl to dlamond
[C(dlamond)] reduces its volume by 2 * 107° m 3mol~L. If
C(graphite) is converted to C(diamond) isothermally at
T = 298 K, the pressure at which C(graphite) is in

equilibrium with C(diamond), is

[Useful mformatlon 1J=1kg m?s2;1Pa=1 kg m1s2;
1 bar =105 Pa] [Adv. 2017]
(a) 14501 bar (b) 58001 bar

(c) 1450 bar (d) 29001 bar

For the process [Adv.2014]
H,0(1) - H,0(g)

at 7'=100°C and 1 atmosphere pressure, the correct choice is
@) ASgystem > 0 and ASgroundings > >0

(®) ASgystem >0 and ASsurmundmgs
(c) AS <0 and ASg roundings >

(d) ASgygiem <0and ASg urroundings < 0

The standard enthalpies of formation of CO,(g), H,O(1)
and glucose(s) at 25 °C are —400 kJ/mol, 300 kJ!mol and —
1300 kJ/mol, respectively. The standard enthalpy of
combustion per gram of glucose at 25 °C is [Ady.2013-1]
(a) +2900kJ (b) -2900kJ

(c) -l6.11kJ (d +16.11kJ

The species which by definition has ZERO standard molar

stem

enthalpy of formation at 298 K is [2010]
(a) Bry(g) (b) Cly(g)
(€ Hy0(g) (d) CH,(2)

For the process H,O(1) (1 bar, 373 K) — H,0O(g) (1 bar,

373 K), the correct set of thermodynamic parameters is
[2007]

(a) AG=0,AS=+ve (b) AG=0,AS=-ve

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

The value of log;j K for areaction 4 —— Bis

(Given: A, Hyggx =~54.07 kJ mol ™!, A S30ex

=10JK ! mol~! and R=8.314 JK! mol!
2.303 x 8.314 % 298 = 5705) [2007]
@ 5 (b) 10 (c) 9 (d) 100

The enthalpy of vapourlzatlon of llquld is 30 kJ mol~! and
entropy of vapourization is 75 J mol ™' K. The boiling point

of the liquid at | atm is [2004S]
(a) 250K (b) 400K (c) 450K (d) 600K
Which of the reaction defines AH$? [2003S]

(a) C(diamond) +O,(g)——CO,(g)
0) 3Hx)+3F@——HFE)
(©) Ny(2)+3H,(g)—>2NH;(g)
@ CO@E)+50,)—COs (@)

10.

11.

Py

12.

13.

14.

The AH? for COz{g) CO(g) and H,O(g) are -393.5,~110.5
and —241.8 kJ mol~! respectively. The standard enthalpy
change (in kJ) for the reaction

CO,(g)+ Hy(g) - CO(g)+H,0(g) is [2000S]
(a) 5241 (b) 412  (c) 2625 (d) 41.2
For which change AH = AE . [1995S]

(a) Hy(g)+I,(g)—>2HI(g)

(b) HCl+NaOH —> NaCl

(© C(s)+05(g) —>COy@)

(d) Ny(g)+3Hy(g)—>2NH;(g)

The difference between heats of reaction at constant

pressure and constant volume for the reaction ;

2CgHg(1) + 150,(g) — 12C0O,(g) +6H,O(l) at 25 °Cin ki is

[1991 - 1 Mark]
() +743

(@) -743 (b) Y372 (o) 372

2 mol of Hg(g) is combusted in a fixed volume bomb
calorimeter with excess of O, at 298 K and 1 atm into
HgO(s). During the reaction, temperature increases from
298.0K t0312.8 K. Ifheat capacity of the bomb calorimeter
and enthalpy of formation of Hg(g) are 20.00 kJ K-' and
61.32 kJ mol™ at 298 K, respectively, the calculated standard
molar enthalpy of formation of HzgO(s) at 298 K is X kI mol ™.
The value of [X] is
[Given: Gas constantR = 8. 3JK-! mol™']  [Adw.2022]
The surface of copper gets tarnished by the formation of
copper oxide. N, gas was passed to prevent the oxide
formation during heating of copper at 1250 K. However,
the N, gas contains 1 mole % of water vapour as impurity.
The water vapour oxidises copper as per the reaction
given below: 2Cu(s) + H,0(g) = Cu,O(s) + Hy(g)
Py is the minimum partial pressure of H; (in bar) needed
to prevent the oxidation at 1250 K. The value of In(py,)
is -
(Given: total pressure =1 bar, R (universal gas constant)
=8 JK ! mol™!, In (10) =2.3. Cu (s) and Cu,0 (s) are
mutually1mm1sc1bla
At1250 K: 2 Cu(s) + 140,(g) = Cuzo{s),
G°=-78,000 Jmol~ 4
Hj(g) + %20,(g) = H,0(g); AG® —-—1 ,78,000] mol;
(G is the Gibbs energy)
[Adyv. 2018]
Diborane is a potential rocket fuel which undergoes
combustion according to the reaction. [2000 -2 Marks]
From the following data, calculate the enthalpy change for
the combustion of diborane.

3

2B(5)+20,(8)—B,05(5)  AH=-1273 kJ mol
1

H,(g)+ E::)z(g)--—-mzou?) AH=-286kImol !

H,0(1)— H,0(g) AH=44kJmol™!

2B(s)+3H,(g)—— B,H¢(g) AH=36kImol!
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13.

16.

s

18,

15.

20.

21.

22.

23.

24,

25

Estimate the average S—F bond energy in SF .. The values
of standard enthalpy of formation of SF ((g), g{ g)and F(g)
are:— 1100, 275 and 80 kJ mol! respectively.

[1999 - 3 Marks]
From the following data, calculate the enthalpy change for
the combustion of cyclopropane at 298 K. The enthalpy of
formation of CO,(g). HQO(I? and propene(g) are —
393.5,—-285.8and 220.42 IJ mol ™" respectively. The enthalpy
of isomerisation of cyclopropane to propene is
~33.0kJmol L. [1998 - 5 Marks|
Compute the heat of formation of liquid methyl alcohol in
kilojoules per mole, using the following data. Heat of
vaporization of liquid methyl alcohol =38 kJ/mol. Heat of
formation of gaseous atoms from the elements in their
standard states; H, 218 kJ/mol; C, 715 kJ/mol: O, 249kJ/
mol. Average bond energies :
C—-H=415kJ/mol, C—0=365kJ/mol, O—H= 463 kJ/mol

[1997 - 5 Marks]
The standard molar enthalpies of formation of cyclohexane
(1) and benzene (1) at 25° C are — 156 and + 49 kJ mol™!
respectively. The standard enthalpy of hydrogenation of
cyclohexene (1) at 25° C is—119 kJ mol~!. Use these data to
estimate the magnitude of the resonance energy of
benzene. [1996 - 2 Marks]
The polymerisation of ethylene to linear polyethylene is
represented by the reaction [1994 - 2 Marks]
nCH,=CH, —— -CH, -CH, };
where n has a large integral value. Given that the average
enthalpies of bond dissociation for C = C and C-C at 298
K are + 590 and + 331 kJ mol 1, respectively, calculate the
enthalpy of polymerisation per mole of ethylene at 298 K.
Determine the enthalpy change of the reaction.
C3Hg(g) + Hy(g) > CgHG(?-) +CHy(g), at 25 °C, using the
given heat of combustion values under standard
conditions:
Compound Hy(g) CHy(g) C,Hg(g) Clgraphite)
AFP(kJ/mol) —2858 -890.0 15600 3935
The standard heat of formation of CyHg(g) is —103.8 kJ/
mol. [1992 - 3 Marks]
A gas mixture of 3.67 litres of ethylene and methane on
complete combustion at 25 °C produces 6.11 litres of CO,.
Find out the amount of heat evolved on burning one litre
of the gas mixture. The heats of combustion of ethylene
and methane are —1423 and -891 kJ mol ™! at 25 °C.

(1991 - 5 Marks]
The standard enthalpy of combustion at 25 °C of hydrogen,
cyclohexene (CgH) o) and cyclohexane (CgH; ;) are—241,
—3800 and —3920 kJ/mole respectively. Calculate the heat
of hydrogenation of cyclohexene. [1989 - 2 Marks]
An intimate mixture of ferric oxide, Fe,05, and aluminium,
Al, is used in solid fuel rockets. Calculate the fuel value
per gram and fuel value per cc of the mixture. Heats of
formation and densities are as follows : [1988 - 2 Marks]
Hi(Al,03) =399 keal/mole; Hy(Fe,04) =199 kcal/mole;
Density of Fe, 05 = 5.2 g/cc; Density of A1=2.7 glcc.
The standard molar heats of formation of ethane, carbon
dioxide and liquid water are —21.1,-94.1 and —68.3 kcal
respectively. Calculate the standard molar heat of
combustion of ethane. [1986 - 2 Marks]
The bond dissociation energies of gaseous H,, Cl, and
HCl are 104, 58 and 103 kcal/mole respectively. Calculate
the enthalpy of formation of HCl gas. [1985 -2 Marks]

26.

27,

28.

a
29,

30.

g
31.

32,

5
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Given the following standard heats of reactions :

(i) heat of formation of water = —68.3 kcal;

(i) heat of combustion of acetylene =—310.6 kcal;
(iii) heat of combustion of ethylene =-337.2 keal;
Calculate the heat of reaction for the hydrogenation of |
acetylene at constant volume (25 °C). [1984 -4 Marks]
The molar heats of combustion of C,H,(g), C(graphite)
and H,(g) are 310.62 kcal, 94.05 kcal and 68.32 kcal,
respectively. Calculate the standard heat of formation of
CyHy(g). [1983 - 2 Marks]
The enthalpy for the following reaction (AH") at 25 °C are
given below : [1981 - 2 Marks]
(i) % Hy(g) + % O5(g) — OH(g) 10.06keal

(i) Hy(g) — 2H(g) 104.18 kcal

(i) O,(g) = 20(g) 118.32 keal
Calculate the O-H bond energy in the hydroxyl radical.

+ il e Bl TR AR

When Fe(s) is dissolved in aqueous hydrochloric acid in a

closed vessel, the work doneis ............ . [1997 - 1 Mark]
The heat content of the products is more than that of the
reactants in an............... reaction, [1993 - 1 MarKk]

=
Choose the reaction(s) from the following options, for
which the standard enthalpy of reaction is equal to the

standard enthalpy of formation [Adv.2019]
® $5)+0,()>50,®

() 2H(2)+0,(8) > 2H00)

© 30.@-0,®

@ 20(0)+3H,(2) > CHy(®)

For a reaction taking place in a container in equilibrium

with its surroundings, the effect of temperature on its

equilibrium constant X in terms of change in entropy is

described by [Adv.2017]

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

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

() With increase in temperature, the value of X 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 favourable
change in entropy of the surroundings decreases

The following is (are) endothermic reaction(s):

(a) Combustion of methane [1999 - 3 Marks]

(b) Decomposition of water

(¢) Dehydrogenation of ethane to ethylene

(d) Conversion of graphite to diamond
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(3:

: :

Match the transformations in column I with appropriate
options in column IT [2011]
Column-I Column-II

(A) CO4(s) > CO4(g) (p) phase transition
(B) CaCO;(s) = CaO(s) +CO4(g) (q) allotropic change
(© 2H'—>H,(g) (r) AH is positive
®) Phite, solid) — Pred, solidy (5) AS is positive

(t) ASis negative

10

35. Inthe following equilibrium N, O, (g) == 2NO,(g)

36.

[2004 - 2 Marks]
When 5 moles of each is taken and the temperature is kept
at 298 K, the total pressure was found to be 20 bar.

Given: AG;(N,O,) =100kJ; AGF(NO,) =50 kJ

(i) Find AG ofthereaction at 298 K.

(i) Find the direction of the reaction

When 1-pentyne (4) is treated with 4 N alcoholic KOH at
175 °C, it is converted slowly into an equilibrium mixture of
1.3% 1-pentyne (4), 95.2% 2-pentyne (B) and 3.5% of 1,
2-pentadiene (C). The equilibrium was maintained at 175
°C. Calculate AG® for the following equilibria :

38.

39,

40.

Chemistry

entropy change is—0.094 kJmol ! K1, The standard Gibbs
free energies of formation for CO, and CO are —394.4 and
~137.2kJ mol ™!, respectively. [2000 - 3 Marks]
Anhydrous AICI, is covalent. From the data given below,
predict whether it would remain covalent or become ionic
in aqueous solution. (Ionisation energy for Al = 5137 kJ
morl; AH, hydration for AP+ =—4665 kJ mol~!; AH hydration
for CI"=—381 kImol~!.) [1997 -2 Marks]
In order to get maximum calorific output, a burner should
have an optimum fuel to oxygen ratio which corresponds
to 3 times as much oxygen as is required theoretically for
complete combustion of the fuel. A burner which has been
adjusted for methane as fuel (with x litre/hour of CH4 and
6x litre/hour of O,) is to be readjusted for butane, C4H,,.
In order to get the same calorific output, what should be
the rate of supply of butane and oxygen ? Assume that
losses due to incomplete combustion, ete, are the same for
both the fuels and the gases behave ideally.
Heats of combustion ;
CH,4 =809 kJ/mol;C4H,( = 2878 kJ/mol

[1993 - 3 Marks]
Using the data (all values are in kcal mol~! at 25 °C) given

below, calculate the bond energy of C—C and C-H bonds.
[1990 - 5 Marks]

A i ——— Sy
B R it o i AP oo bustion(@thane) = -3720
From the calculated value of AG: and AG-;J indicate the AH combustion(PTOPane) = 5300
order of stability of (4), (B) and (C). Write a reasonable AHci) S5 c(g) — A
reaction mechanism showing all intermediates leading to Bond energy of H-H = 1040
(4), (B) and (C). [2001 - 10 Marks]
1 AHP;of HyO(1) = 680
37. Show that the reaction CO(g)+EOZ{g)—>C02{g) at AHPpof CO,(g) = 040
300 K, is spontaneous and exothermic, when the standard
? Answer Key
s Topic-1 : Thermodynamics
Lodo) e 3. (a defo) 8 (O SHEE 8 E120) 9 ) 100 B
1. (10 12. @ 13. 9 4. (031) 15. (300) 16. (16628)17. (14134)18. (93500)19. (557) 20. (11587)
21. (319.1) 22. (extensive) 23. (isolated) 24. (True) 25. (True) 26. (ab,d) 27. (ab.c)28. (be)
29, (a,be) 30. (abe) 31. (acd) 32. (ac) 33. (ab) 34. (ad) 35. (b.d)
36. (A-(n9;B-0.9,5:C-(p,q,5;D-(p,g,5,1) 37. (@) 38. (d) 39. () 40. (b) 4. (a) 42 (b)
Topic-2 : Thermochemistry
1 (@ 2. 3 (0 4. ® 5 @ 6 (b 7. (b) 8. (b) 9. (b)
10. (d 11. (a) 12. (9039) 13. (-14.6)14. (-2035) 15. (309.16)16. (-2091.32)
17. (-266) 18. (-152) 19. (-72) 20. (-55.7)21. (5090)22. (-121)23. (3.94)
24. (-3720) 25. (22) 26. (41.104) 27, (54.20)28. (101.19)29. (zero)
30. (endothermic) 31. (ac) 32. (bd) 33. (bed)34. (A-p, Ls;B-rs;C-t;:D-p,q.t)
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Hints & Solutions

Topic-1: Thermodynamics

(¢) From 1% law of thermodynamics
4, ~AU-w=0-[-P ,.AV]
—30atm><(20L—10L) 3.0 L-atm

(ren Vs Dsys
s ASssm’: rstuu 4, TJ-
0x101.3
__30x10L3J _ 1.013 J/K
300K

(b) In general, the molar heat capacity for any process is
given by

C=C,
Iy

2 ’ = -

Here F: 1,ie. PV~ =constant = y=-1

3

For monoatomic gas, C, = ER
s LA N L T
2 I-(-1) 2 2 2 ’
(a) TV*' =Constant (.- change is adiabatic)
iy - g
: 5
For monoatomic gas y = 3
. TIVIZQ — TZV;,.-"B — T(l)zﬁ - TZ{Z}Z’S
o
T,= 2(2/3)
() AH= nC;} AT solution; since AT= 0so, AH=0
(©
AH= AU +P,V, - PV, Given, AU=30.0 L atm

P,=2.0atm, l’/ 3OL T,=95K
P,=4.0atm, P =5.0L, T 245K
AH =AU+P, V =B
=30+(4%5)-(2%3)=30+20-6=44 Latm.
(a) Work isnot a state function because it depends upon
the path followed.
(c) Inareversible process, the driving and the opposite
forces are nearly equal, hence the system and the
surroundings always remain in equilibrium with each other.
(8120) X — Y is an isothermal process an ideal gas:
AH=0,AU=0
Y — Z is an isochoric process
= AV=0
W=0

9,

10.

@)

®)

AU=naC_(T,=T)
=5x12(415-335)
=48007J
AH=AU+ A(PV)
=AU +nRAT
=4800+5= 8.3 x (415-335)
= 81207
For A — B (Reversible adiabatic)

T] \"rl"'l_i = Tz vzr’—l

=60(V,)*"” ( Y= Qj

3

2/3

v

=10= [—2]
10.

Viotat =Eap tdpc

=0+qpc=dpc
g =RT,In 10

=600(V; )"

: V.
= Qe =60RIN10=60RIn —>
2
[+ B— Cisreversible isothermal]

V

= log 10=1log V; —%

7
=log V5 ZE:>210gV3=7

AtT K: A(g) = P(g)

t=0 6

Ateq, T\K 6—x x=4(from plot)

Ateq, T,K 6—y y=2(from plot)
4

= AtT, K: Kp == =2
A |

AtT, K Kp =—=—
= T2

<] ]
Now, AG, =-RT, InKp, =-RT; In & RT,In2

AG;=~RT, InKp =RT, In2

Given : AG; —AG;=RT,In2+RT, In2
—RT ln2+2RT In2

- 3RT, In2—RT. Inx (T, =2T,)
k28
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11. (10) 15. (300) Asthe phase trans;tion temperature is 600 K
Process (I) = (Adiabatic reversible) Soat 600K :AG°__=
So AH®
(600 on
AU _ 4502250 AR, =600 x - 600 Joﬁl’é‘f Sie
So, AHgy— AH, = AC, (T,-T )
AU=-1800R =1x300= 300 J mal‘l
W, =AU=-1800R = AH,;, = AH,, —300 =600 -300= 300 J mol"!
Process (II) = (Reversible isothermal process) dv In
T =900(K) ( : 16. (166.28) Slope= E% = d—i(OT%
Calculation of T, after reversible adiabatic process ;
AU=nC dT —AH® _=7-(-3)
5 10°R  12-10
= —1800R=1x—R(T; —%00)
2 = AH®=2x10x R=2 x 10*x 8.314 J/mol
T,=180K = 166.28 kJ/mol

4

Y5
Wy="IRG L =W 17 (141.34) Form the plot when, %=10 [T=1000K]

2

= _IxRx180In—3 = _1800R m[-“’4=—3
VZ |
V3 Y o ‘Pz
= hh—==10 AG°=-RTInK=AH*-TAS*=-RTIn ~%
5 i 5 Substituting in following equation :
; =4 —]+ -1x1 {——- —]:—(6+1+—]
12. ) w, [ ><2 (-1xD)+ 2X2 2 m(&]= AH9+M9
33 1 RT R
w, =—"—F atm
4 R ASG
5.5 2x107 x
==2. —=-2303 P 11 We get, -3= -+
W, 2.303 RT log 3 2 V log . g R=1000 R
w, =—4.606x1.04=—48Latm o o
- = ASY =17R = AS" =17x8314J/K-mol
Sl Tl sy - = AS? 14134 JK-mol
Wt gl = i 18. (935.00) SnO,(s) + C(s) —> Sn(s) + CO 5(8)
13. (9) Energy released by combustion of 3.5 g gas A H°=[-394] - [-581]= 187 kl/mole = 187 x 103 J/mol
=2.5%(298.45-298)kJ AS°=[52+210]-[56+6]=200JK ' mol-!
Energy released by 1 mole of gas & 3
AH™  187x10
—2’5}(0.45"91{.’1110]_1 T=__=_—=935K
3.5/28 AS° 200
14. (0.31) 19. (557)
u—iBanng(ém)-Sg(ﬁm) =6 5= 1 (from graph) AH =AU + A(PV) = AU + VAP (- AV =0)
600 or AU = AH -V AP = —-560~[1(40—70) x 0.1]
Sa(600) = Sa(300) * Cr(a) I 2 -1
300 =-560+3=-557 kImol
0 " 600 So, the magnitude is 557 kJ mol-".
S(s00) = Sp(00) + Cr(g) In 355 20. (11587) C,-C,=R
g g 5 x = Cp =12.48+8.31=20.794 I mol ! K!
S6(600) ~Sa(600) = Sp(300) ~Sa(300) + Cp(g) ~Cp(ey In 2 e e
B S B e
0 0 1 :
6-5= Sﬁmm =52 o) +[lx In2] C, 1248
0 0 For a reversible adiabatic process,
= SB{JDO) SQHOO) +0:69 B Vﬁ_l = TZP}"'_I

So Sp. S0 =031Tmol ' k™! 1] 1.67-1
B(300) ~ Sa(300) STZJ{_;] ::-rz_soo[us]
6 2.50




A12
= I,=188.55K (a) 9uc=AUc=nCy (T,-T)=AU,,.
Number of moles of gas, -
5 Py b2 - oL W.g=-nRT, In ?f (pressure is not constant)
R} 0.0821x300 ®) Wae=-Py(V,-V,) =PV, V)
Enthalpy change at constant pressure, Qpc=AHy-=nC, (T,-T))=AH,.
AH=n-C, AT ffﬁ igc,f % ngp,mgi?;—; 2;
= = =nly m g :
= ?'1%5;72]([}51 HEON=158.59) AHEj < A{}C‘. 9 since both are negative (7, < T,)
” : andC__>C
2 lo (3 19-1) 29. (a’ b, c) Pyl V.m
100 g of glucose = 1560 kJ _
T 50 @ s
Energy utilised in body = 100 1560=780kJ @7
Energy to be given out = 1560 — 780 = 780 kJ W
Enthalpy of evaporation of water = 44 kJ/mole=44 kJ/18 g
of water - [1 mole H,0 =18 g water]
Hence, amount water to be perspired to avoid storage of Py V)
s
18 v
SREERY = Z x780=319.1¢g During irreversible compression, maximum work is done
22,  extensive (because its value depends on quantity of substance) on the gas (corresponding to shaded area) when P, =P,
23. isolated (d) When 7, =T, = AU=nC,AT=0
24. True; In reversible adiabatic expansion, L,<T,.
Heat capacity Monoatomic Diatomic & AT=-veand also AU=-ve
4 3R12 5R2 (b) In free expansion, 2, =0, . =0
C, 5R12 TR From I* law of thermodynamics,
Thus, the heat capacity of diatomic gas is higher than that A_‘L:Uqqu
of a monoatomic gas. iR L 2 y =
25. True; Itonlytells that ifthe heat gained by one end would g expansiog Is carried out isothermally, AU=0
be exactly equal to heat lost by the other. It does not pre- _eﬁcies g diabitio praees
dict the direction. =l Sronenrom N 7
26. (a, b, d) From state I toII (Reversible isothermal expansic:.): lf%ﬁ?ﬁ?:;&?ﬁ?ﬁﬁéi_ 0), . AU=0
I'~>otstdnt, AF = +ve, &5 <>+Ve, AH 6 (¢c) During adiabatic expansion, the final temperature is
AP — —ve _ S b, ‘ less than the initial temperature. Therefore, the final volume
From state II to I1I (Reversible adiabatic expansion) : in adiabatic expansion will also be less than the final volume
g =0, AV — +ve, AS — constant in isothermal expansion. This can be graphically shown as:
AH — —ve, AP — —ve, AT — —ve P
Plots (a), (b), (d) are correct while (c) is wrong as from
state [Ito I11, A is decreasing.
i {a’ b, 9 . . S . . reversible isothermal
P-Vwork done is applicable for reversible isobaric as well evarsible adiahatic
as isothermal and adiabatic process. :
w= —I By -dV v,
For van der Waals equation, The magnitude of work done by the gas is equal to the area
BE under the curve. As seen from the figure, the area under
Bxq=P= o8 0 curve in reversible isothermal is more. Hence, the magnitude
: of work done is lesser in adiabatic reversible expansion as
e RT a . compared to the corresponding work in isothermal expansion.
s _.[ o @) 30. (a,b,c) Sincethe vessel is thermally insulated, g = 0
Equation (i) is not applicable to irreversible process. ?ﬁrth? Sm(ﬁ}}}’gzﬁ ,_S(;"wz %?,e;ce_‘?;U; 0
Therefore work done is calculated assuming pressure is H el ore;h T dL’ %l;t' 220 l’bll ,
constant throughout the process, owever, ; e prooe:.s is adiabatic irreversible, so we can’t
28. (b,0) apply P,V,1= P\ V1. )53,
3. (acd) 7,=T , because process is isothermal.

A— C = isochoric process
A-B = isothermal process
B- C = isobaric process

Work done in adiabatic process is less than in isothermal
process because area covered by isothermal curve is more
than the area covered by the adiabatic curve.

Inadiabatic process expansion occurs by using internal energy;
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32.

33.

34.
35.

36.

37.

Al13

hence, it decreases while in isothermal process temperature
remains constant, that's why no change in internal energy.

(@,¢) ASy ., =ASy_,y+ASy_,, [Entropyisastate
function, hence additive]
Wy sy 7 =Wy_,y [Work done in ¥ — Zis zero because

it is an isochoric process].

(a,b)Mass independent properties (molar conductivity and
electromotive force) are intensive properties. Resistance
and heat capacity are mass dependent, hence extensive
properties.

(a,d) Internal energy and molar enthalpy are state functions.
Work (reversible or irreversible) is a path function.
(b,d)Properties independent of mass are intensive
properties. Hence, (b) and (d) which are independent of
mass are the obvious choices.

A-(r,t); B(p, g, 5); C-(p, q,5); D-(, q, 5, 1)

(A)—>r,t

H,0(l) —=H,0(s)

Itis at equilibrium at 273 K and 1 atm.

So, AS__ is negative.

As it is equilibrium process, so AG=0.

(B)—>p,q,s

Expansion of 1 mole of an ideal gas in vacuum under
isolated condition

Hence, w=0
andqp=deT(-.-dT=0)

= g=0

AU=CAT (--dT=0) AU=0
(©)—>p.q,s

Mixing of two ideal gases at constant temperature
Hence, AT=0 -

. q=0; AU=0
alsow=0 (AU=g+w)
(D) —p,q.s,t
Reversible heating and cooling of gas follows same path;
also initial and final position is same.

g=0

Hence, } Path same

AU =0
AG=0
(@ Stability of free radical oc
H
® AN — A+ W
2° free radical
Q) Ph-CH,~H —> Ph—CH,+H’

Most stable due
to resonance

®) CH,=CH-H —> CH,=CH+H'
Less stable

L ]
(S CH=C-H — CH=C+H
More % s-Character
decreases stability of
free radical

Qrequire least BDE and S required maximum BDE.
So, order of BDEisQ<P<R<S.

}Stale function

Bond energy

38.

39.

40.

41.

42.

43.

44,

(d)

CHy — "CH3 +H®  AH =105 kcal /mol
Cl, — CI*+C1* AH =58 kcal / mol
CI° + "CH; —— CH3;-Cl AH =—85 keal /mol

CI® +H® —» HCl AH =—103 keal / mol

CH4 +Cl; —— CH; -Cl1+HCl AH = -25 keal/ mol

Initiation step is endothermic, hence option (a) is wrong.
Propagation step involving *CH, formation is endother-
mic, hence option (b) is wrong.
Propagation step involving CH,Cl formation is exothermic,
hence option (c) is wrong,
So, overall raction is exothermic with AH® = —25kcal/mol,
hence option (d) is correct.
(¢) K — L= Vincreasing at constant P
Hence, Tincreases (Heating).
L — M = P decreasing at constant ¥
Hence, T'decreases (Cooling),
M — N = V decreasing at constant P
Hence, T decreases (Cooling),
N — K = P increasing at constant ¥
Hence, Tincreases (Heating).
(b) LtoMand NtoK, both are having constant volume,
therefore, these processes are isochoric.
(a) Statement 1 is true because it is not possible to
convert whole of heat to work. For such a conversion, we
need an efficiency of 100% but so far, we have not been
able to get such a machine (carnot engine).
Statement 2 is true because it is not possible to convert
the whole of heat absorbed from a reservoir into work.
Some of the heat is always given to the sink.
Also, statement 2 is correct explanation for statement 1.
Thus, the correct choice is option (a).
(b) Assertion : For isothermal expansion,

AT=0 = AU=0
Foran ideal gas, work done against vacuum is zero, i.e. W=0
Now, AQ=AU+W = AQ=0
Thus, assertion is correct,
Reason : By kinetic theory of ideal gases, the volume
occupied by the molecules of an ideal gas is zero.
Thus, reason is correct, but it isnot the correct explanation
of the assertion.
For adiabatic process, W= P ( =F)
Here P, = 1 bar, P,= 100 bar, V=100 mL, ¥, =99 mL; For
adiabatic process, g=0 ., AU=W

AU=g+ W =q—-P(V,— )

=0-100 (99— 100)=100 bar mL
AH=AU+A(PV)= AU+ (P,V,-P,V))

=100+ [(100 = 99)— (1 % 100)]

=100+ (9900 — 100) =9900 bar mL
Helium molecule is monoatomic so it has just three degrees
of freedom corresponding to the three translational motion
at all temperature and hence C, value is always 3/2 R,
Hydrogen molecule is diatomic which are not rigidly held,
so they vibrate about a well defined average separation. For
hydrogen molecule, we have rotational and vibrational
motion both besides translational motion. Contribution from
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vibrational motion is not appreciable at low temperature but

increases from 0 to R on raising temperature,
45. ()

() PV=nRT
_PV _ 0.5x40

nR  2x0082 ~121.95K
Total work (W)= W, + W, + W,

=—PAV +0+ 2.303nRTlog?
1

=—1x20+2.303x2x0.082x121.95 log2
=-20+13.87=-6.13L atm

Since the system has returned to its initial state i.e.

the process is cyclic, so AU =0
AU =qg+W =0,
sog=-W=—(-6.13) L.atm =620.7J

In a cyclic proces, sheat absorbed is completely

converted into work.

(iii) Entropy is a state function and since the system'has
returned to its initial state, so AS=0. Similarly AH=0

and AU = 0 for the same reason.
46. If heat is absorbed at constant pressure, then

q,=AE — (- PAY) org=E, E [P(V )
AH

orq-(E +PV,) - (E, +PV) ~-H, =
‘ﬁ Topic-2: Thermochemistry
=3

1. (@) C(graphite)— C(diamond) (Isothermally)

A G°= AG°(diamond)— AG®(graphite)
=2.9-0=2.9kJ mol™!

Gibbs free energy is the maximum useful work. then

=AGE = =R

-2.9x 103~—APX 2x%10°
_29x10°
2x107°

=1.45% 10% bar = 14500 bar
P=AP+ P =14500+ 1= 14501 bar

=1.45x10° Pa=1.45x10° x10 > bar

2. (b Given conditions are boiling conditions for water due

to which system is in equilibrium.
H,0()==H,0(g)
A“S‘h':tal =

ASS]mem A Msmmuﬁ ngs

ASsys:em Ve Asmmdjngs

For process, AS >0
AS o

surroundings

=if}

() The standard enthalpy of the combustion of glucose
can be calculated by the egn.

CeH,0(s) +60,(g) = 6CO,(g) + 6H,0(1)

AH_ GXA(}%(CO ,)+6 % AHJ{ H,0)-AH(CH,,0,)
AH" 6 (—400) + 6(-300) — (~1300) =-2900 kJ/mol

For one gram of glucose, enthalpy of combustion

AHP=— %98%-—16 11 kl/g

(b) The species in its elemental form has zero standard
molar enthalpy of formation at 298 K. At 298K, Cl, is gas
while Br, is liquid.

(@ Since, liquid is passing into gaseous phase so
entropy will increase and at 373 K during the phase trans-
formation, it remains at equilibrium. So, AG=0.

®) A4—8B

AG°=AH°-TAS®, AG°=-2.303RTlog, K

—2.303 RTlog,, K= AH°— TAS®

= 2.303RTlog,,K=TAS°—AH®

TAS®—AH° 298x10+54.07x1000

login K = = =10
Eio 2303RT . 2.303x8.314%298

A 3
®) M=—%ﬂ;75=3°’;1° - T=400K

(b) AH} is the enthalpy change when 1 mole of the

substance is formed from its elements in their standard states.
In (a) carbon is present in diamond however, standard
state of carbon is graphite. Again, in (d) CO (g) is involved
soitcan’t be the right option. Further in (c) 2 moles of NH,
are generated. Hence, the correct option is (b).

®) CO,(g)+H;(g)——>CO(g) + H,0(g) » AH=?

AH= Z AH (Product) - z AH (reactant)
Given, AH,CO,(g)=-393.5 kJ/mol
AH ;CO(g) =-110.5kJ/mol

AH (H,0(g) =—241.8 kJ/mol
- AH =[AH ;CO(g) + AH (H,0(g)]

= [AH (CO,(g)+AH (H;(g)]
=[-110.5+(-241.8)] - [- 393.5+0]

[+ AH (H,)(g) = 0]
=41.2kI mol ™!
(d AH=AE+AnRT For AH =AE,An 20
Where An = no. of moles of gaseous products — no. of
moles of gaseous reactants
(@) An=2-2=0
(b) An=0 (- theyare either in solid or liquid state)
() An=1-1=0 (- Cisin solid state)
d An=2-4=-2
. (d)iscorrect answer
(a) Heat capacity at constant volume (g )=AE
Heat capacity of constant pressure (q )=AH

AH = AE+ AnRT or AH— AE=AnRT
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12.

13.

14.

An = no. of moles of gaseous products
— no. of moles of gaseous reactants
=12-15=-3
AH-AE=-3x8314x298J=—743Kkl.
(90.39) 2Hg(g) +O,(g) — 2HgO(s)
AH®=2AH° (HgO, s) - 2A H°(Hg, g) - AH(0,, g)
=2AH" (HgO, s)- 2A H° (Hg, g) we (1)
[ AH°(0,, ) =0]

Now, A H? is the heat evolved by bomb calorimeter due to
the occurrence of the reaction at constant volume.
5 —=(Q), =AU
S AH=AU+ An RT =—CAT + An
[where C —the heat capacity of
calorimeter =20 kJ/K at 298 K]
=—[20(312.8—298)]-3RT
=-296-3x83x103x298kI=-303.42kJ
Hence, from eq. (i)
-303.42=2AH° (HgO, s)—2 x 61.32
or, 2AH° (HgO, s)=—-180.78 kJ
-, Standard Molar Enthalpy of formation of HgO

~180.78 _

== 50391
= |X[=90.39
(- 14.6)

@) 2Cu(s)+ %Oz(g) —>Cu,0(s):AG® =78 kJ/mol

(i) H, (g)+%02[g)——>H20{g), AG® =-178 kJ/mol
=G ten
2Cu(s)+H;0(g)—— Cu,0(s)+ H5(2)

AG°=-78+178=100 kJ/mol = 10° J/mol
Now for the above reaction

By 5
Py,0

To prevent the above reaction: AG >0

AG=AG + Rru{

5 Py,
AG +RTIn| —— |20
P_H20

5 _.PH_? =
= 10°+8=%12501In =0
Py,0

]HPHZ =-10+In PH:O

—2
Now, Py,0=Xy1,0 X Poa =0.01x1=10
= InPy, >-10-2In10
= InPy,2-14.6 (Givenlnl10=23)

Minimum In Py, =-14.6
(-2035)
The chemical reaction for combustion of diborane is
B,H, (2) + 30, (g) —— B,0,(s) +3H,0(g), AH=?
For this the enthalpy change can be calculated in the
following way.

15.

16.

17,

18.

AcH =[A 7 Hp,0(5) +3A rHigy0(g)] ~ArHpng(g) 5
(+ArHg, =2)
A rHy,0(g) can be obtained by adding A, Hy,o(q) and
A, Hy, o (g)- i-6.—286 + 44 =—242 kI mol"!
AH=[-1273+3 x(-242)]-36 kI mol"' =~ 1273 - 726 - 36

=-2035 kJ mol!
(309.16)
Given S(s)+ 3F,(g) —» SF((g); AH=-1100k]  .....(i)
S(s) — S(g); AH=275k] wena(ii)
12F,(g) — F(g); AH=80kJ (11

To get SF(g) » S(g)+ 6F(g) we can proceed as
(if) + 6 x (iii) - (i)

. SF(2) — S(g) +6F(g); AH=1855kJ

Thus, average bond energy for S-F bond

= % = 309.16kJ
b
~2091.32 CH,CH= :
209130, Ny, @ CHLCH=CH @,
AH=-330K  .()
C(s)+ O,(g) - CO,(g); AH=—393.5k] ...(ii)

H,(g)+ 1/20,(g) > H,0(l); AH=—285.8kJ ...(iii)
3C(s) +3H,(g) » CH,-CH=CH,(g); AH=20.42KkJ ...(iv)
The required reaction is

CH->

9
H,C CH, + 50, —3C0, +3H,0; AH =?
To calculate the value of AH follow the following steps.
(1) + 3 x (i) + 3 x (ii))] —(iv) :
CH,

H,C —— CH, +(9/2)0, 3CO,+3H,0;

AH=-2091.32 kJ

(-266) The required thermochemical equation is

C(g) +4H(g) +O(g)——> CH30H(); AH; =?

1

_'[3AHC—H +AHc o +AHg i + AHva.p.CHg,OHJ
=[715+2%436+249]—[3 % 415+ 356 +463 +38]
=—266 kJ mol!

(-152)  Standard enthalpy of hydrogenation of
cyclohexene (~119kJ mol™') means the enthalpy of
hydrogenation of one C = C double bond. Now benzene has
three C = C double bonds, the enthalpy of the reaction would
be=3 % (—119)=-357 kI mol"!

R

Actual enthalpy ofthe reaction can be evaluated as follows.
AH Reactiony = A (Product) — AH; (Reactants)
=—156-(49+ 0) =—205 kJ mol™
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~. Resonance energy = AHg,, —AH 4 25°C (298K) = 224 %29% =2445L
=-357—(-205) =-152kJ mol™! o [ VolumeatNTP=22.4L]
19. (-72) nCH, =CH, — (CH,-CH,), Heat evolved due to combustion of 0.335 L of CH,

20.

21.

During the polymerisation of ethylene, one mole of ethylene
breaks i.e. one C = C double bond breaks and the two CH,
— groups are linked with C — C single bonds thus, forming
three single bonds (two single bonds are formed when
each CH, — group of ethylene links with one CH, — group
of another ethylene molecule). But in the whole unit of
polymer, number of single C—Cbonds formed/mole of
ethylene is 2.

€CH, —-CH,3¢CH; ~CH,3CH, ~ CH,} CH, -CH,}
e.g. Number of single bonds formed by4 moles of ethylene =8
Energyreleased = Energy due to formation of 2 C—C single

bonds
=2 x 331 =662 kJ/mol of ethylene
Energy absorbed = Energy due to dissociation of 1 C=C
double bond
=590 kJ/mol of ethylene

.. Enthalpy of polymerisation/mol of ethylene or

AH, -+ icaion = 390 662 kl/mol =72 kJ/mole

(-55.7)  From the given data, we can write :

1
- Hy+ 5 0,—>H,0; AH, =-285.8 kJ/mol
(#) CH;+20,— CO,+2H,0; AH,=-890kJmol
(éif) C,H+ % 0, —2C0,+3H,0; AH,=-1560kJ/mol

() C(s)+0,—CO,; AH,=-393.5kJ/mol
() 3C(s)+4H, - C,H(g); AH,=-103.8 kJ/mol
The required reaction is C;Hy(g) + H,(g) —>
C,H,(g) + CH,(g), AH="?
[t can be obtained by the following calculations.
3 % ()~(v) + 5() — (i) — (i)
In other words, AH = 3AH,— AH, + 5AH. \—AH, - AH,
.. AH=3(-393.5)—(-103.8) + 5(-—285.8) + 890 + 1560
=-2609.5 + 2553.8 =-55.7 kJ/mol

(50.90) Combustion of C,H, and CH, takes place as follows:
C,H, +30,—2C0,+2H,0
1 vol. 2 vol.
CH, +20,-CO0,+2H,0
1 vol. 1 vol.
Let the vol. of CH, in mixture=x L

. Vol. of C,H, in the mixture=(3.67-x)L
an of CD produced byxLof CH,=xL and
Vol. of CO, producedby (3.67—-x) LofC ,H,=2(3.67-x)L

. Total vol. of CO, , produced =x+ 2 (3 67 x)
or 6.11=x+2(3. 67- xyorx=123L

= Vol. of CH, in the mixture=1.23 L
andVol of C, H in the mixture =3.67-1.23=244L

1.23
Vol. of CH, per litre of the mixture = 367 ~0335L
2.44
% = =
Vol. of C,H, per litre of the mixture = 367 0.665L

Now, we know that volume of 1 mol. of any gas at

22.

23.

24,

o DA X ED) O -12.20kJ [given, heat evolved by

45
combust?l}on of IL=891kJ]
Similarly, heat evolved due to combustion of 0.665 L of

C =~ 2002 A2 :1423 =-38.70kJ

. Total heat evolved = 12.20 -+ 38.70 = 50.90 kJ

(=121)  Therequired reaction is

CHg) + Hyg) > CH,(p), AH,=? ..(1)
Cyclohexene Cyclohexane
The given facts can be written as :
H,(g) + 140,(g)-> H,0(), AH,=-241 ki/mol o))
1

CiH @)+ - 0,(2) = 6C0,(g)+ SH,0; AH, =-3800 Kl
Q)

CeH,,()+90,(g) = 6CO,(g) + 6H,0, AH,=-3920kJ/mol
ey

The required reaction (1) can be obtained by adding equations
(2) and (3) and subtracing (4) from the sum of (2) and (3).
C oH G(1;)+H2(g) - CH,,(g)

= (AH, + AH,) - AH,

=[- 241 +(-3800)] - (~ 3920)

=(-241-3800)—(-3920)

=-4041 +3920=—121 kJ/mole
(3.94)

Fe,0, + 2Al1
2x56+48=160 2x27=54
Heat of reaction =399 — 199 = 200 kcal [Al and Fe are in
their standard states]

Total weight of reactants = 160+ 54 =214 g

— 2Fe + ALO,

200
. Fuel value/gram = v 0.9346 keal/g

Volume of Al = —5— =20cc

16
= —=13(,
= 30,77 cc
Total volume =20+30.77=50.77 cc

Volume of F €,

0
5077 =3.94 kcal/cc

(-372.0) Therequired chemical reaction.

2C,Hg+70, —> 4CO, +6H,0; AH=x

Note that since 2 moles of ethane are reacting, the AH of
the reaction will be ¥ x.

The thermochemical equations for the given data are
written as below.

(@) C(s)+0,(g) — CO,(g): AH=-94.1 kcal

(i) Hy(g)+%0,(g) — H,0(g); AH=-68.3 keal

(7i1) 2C(s)+3Hy(g) — C,H(g); AH=-21.1keal

We know that AH=H,, . —Hp .

AH= 4AH o, + GAHHEO ~(2AHc,, + TAHp,)

. Fuel value per cc =
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25.

26,

27.

Al117

AH=4x(=941)+6%(-68.3)-(2x(=21.1)+0)
=-376.4 -409.8 +42.2 = 744 0 kcal/2 mole of ethane
= —372.0 keal/mole of ethane

(-22)
Bond H-H Cl-Cl1 H-Cl
AH disso. 104 keal 58 keal 103 kcal

Formation of hydrogen chleride can be represented as
H-H+Cl=Cl=2H-Cl
Thus, the reaction involves
Cleavage of one H— H bond, AH =104 keal
Cleavage of one Cl - Cl bond, AH =58 kcal
Formation of two H — Cl bonds, AH=2 x (— 103) kcal
.. AHof'the reaction = (104 + 58)—2(103)
=162 -206 =—44 kcal
Now, since the enthalpy of formation of a compound is the
change in heat content accompanied in the formation of
one mole of the compound, the enthalpy of formation of

HCl gas = —% =—22 keal
(41,104) The given data can be written as follows
1
H Hye+ 5 0x(8) 2 H,0(l);  AH=-683keal
5
@ C,Hy(g)+ 5 Oy(g) = H,0() +2C0,(g);

AH=-310.6 kcal
(i) C,H,(®)+30,(g) - 2H,0() + 2C0,(g);
AH=-337.2kcal
The required thermochemical equation is
C,H,(g) + Hy(g) > C,H,(g)
The required equation can be obtained by subtracting
equation (i/{) from the sum of equations (i) and (i), thus
AH of'the required equation can be calculated as below.
AH=[-68.3+(=310.6)] —(-337.2)
=[-68.3-310.6]+337.2=-378.9 +337.2 =—41.7 keal
AE, the heat of reaction for the hydrogenation of acetylene
at constant volume is given by :
AE=AH - AnRT
HereAn = Moles of the gaseous products — Moles of the
gaseous reactants
=l-(1+1)=-1 -
Substituting the values of AH, An, Rand Tin
AE=AH—-AnRT =—41.7—(-1 x2 x 107 % 298)

]: R =2cal / degree /mole =2 x 107 keal/ deg/ mole}

=-41.7+0.596 = 41,104 kcal
(54.20) Therequired equation is ;

2C(s)+Hy(g) > C,H,;; AH=?
Write the thermochemical equations for the given data

0 CiH,@)* > 0,(8) »200,(g) + H,O);

AH=-310.62 kcal
(@) C(s)+0,(g) = CO,(g) ; AH=-94.05keal

(i) Hy(g) + % 0,(g) = H,0(); AH=-68.32keal

For getting the above required reaction, we will have to

28.

29.
30.
31.

32.

33.

34.

(a) Bring C,H, in the product that can be done by
reversing the equation (i) to give equation (iv),

(b) Multiply equation (ii) by 2 to get 2C atoms in the
reactants and thus, equation (v) is obtained.

(c) Keep equation (iii) as such.

(d) Add equations (iv), (v) and (iii).

5
(iv) 2C0,+H,0->C;H, + =05 AH=310.62keal
(v) 2C+20,-2C0,;  AH=-188.10kcal
I
(i) Hy+50,>HO;  AH=-6832keal

On adding, 2C+ H, — C,H,; AH=5420kcal

Hence, the standard heat of formation of C,H,(g)

= 54.20 kcal

(101.19)

The required reaction in terms of dissociation energy is
OH(g) »O(g) + H(g); AH=?

This equation can be achieved by (a) reversing the equation
(i), (b) dividing equation (#i) and (iii) each by 2, and (c)
adding the three resulting equations.

OH(g) = % H(g)+ % 0,(g); AH=+10.06kcal

[Reversing eq ()]

1 5
%Hg{g}—»}l(g} AH=-52.09 keal [EEQ {ll}]

Lo
%Oz(g)ﬂo(g); AH=-59.16 keal [EEq(m):I

OH(g) —» O(g) + H(g); AH=-101.19 keal (adding)
Thus, one mole of OH(g) needs 101.19 kcal of energy to
break into oxygen and hydrogen gaseous atoms. Hence,
the bond energy of O-H bond is 101.19 keal.

zero; In a closed vessel, AV=0

endothermic

(a,c)Enthalpy of formation is the enthalpy change for
formation of 1 mole of substance from its elements present
in the most stable natural form.

AH
(b,d) Assurr w

I:i'ﬂ?‘?’
For endothermic reaction, if T, increases, unfavourable
change in entropy of the surroundings decreases.
For exothermic reaction, if 7___ increases, favourable
change in entropy of the surroundings decreases.
(b,c,d) All combustion reactions are exothermic in nature.
(b) Decomposition reactions are endothermic in nature.

(€©) CyHg(g)—>CyHy(g) +Ha(g)

More stable compound is converting into less stable
compound, Thus, reaction is endothermic.

(d)  Graphite—— Diamond

More stable allotrope is converting into less stable
allotrope, Thus, reaction is endothermic.
A-p,r,s;B-rs;C-t;D-p,q.t

(4) CO, (5) - CO, (g)

[t is phase transition. The process is endothermic
(sublimation). Gas is produced, so entropy increases.
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35.

36.

37.

(B) On heating CaCO, decomposes. So, process is
endothermic,

The entropy increases as gaseous product is formed.

(©) 2H*—>Hyg)

Entropy decreases as number of gaseous particles decreases.
(D) The transition between different allotropes is
considered as phase transtion.

White and red P are allotropes.

Due to polymeric nature of red P, its entropy is less than
that of white P,

Red P is more stable than white,

So AH is —ve,

® N,0,(g) ==2NO,(g)

Initially PN,0, = PNo, =10
3
(Pno, )" _ 100
P N,Oy 10

AG® = 2AG(no,) =~ AGf(n,0,) = 100-100 = 0
AG = AG’-2.303 RTlog K,

=0-2.303 x 298 log 10=-56.0304 L. atm.
The negative value of AG indicates that the reaction is
spontaneous and will lie in the right direction, (forward).
[Product]
[Reactant]
Calculation of AG values ;
Thus for the equilibrium B ——=4

o 1.3
AG =(=2.303x8.314x448)log >
1 =( % Vg o3

Reaction quotient = 10

(i)

AG® =-2.303RT log

or AG; =15.992 kimol !
Similarly for the equilibrium B =—=C

AG, =(—2.303x8.314x448}log%

or AG; =12.312kJ mol ™
Similarly for equilibrium, 4 == €
AG; =-8.314x 448 2,303 xlogm% ~-3.688KI mole™!
Hence, we have that
B==4, AG, =+15.992kImole™’
B==C, AG,=+12312kimole!

AT==C, AG; =-3.688k]mole”’
Thus, the correct order of stability, B> C> A4
For following reaction

1
CO(g)+EOz (8)——COx(g)
AG?® can be calculated as follows ;

AG°= AG,°~AG® = {AG°C02 - [AG“’CO i %w"oz J]
P

1
=~3944-(-137.2+ 5 x0) =—257.2 ki mol™

38.

39.

40.

Since,

AG®= AH°- TAS® or—257.2 = AH°-300(0.094)
. AHP=-285.4kJ/mol
AH® is negative, so the reaction is exothermic and since
AG” is negative 50 the reaction is spontaneous.
For ionisation AHy iration > Mpication
Total hydration energy of A" and 3CI- ions of AICI
(Athdmthn) ¥
= (Hydration energyof AI** + 3 x Hydration energy of Cl")
=[-4665 +3 (-381)]kJ mole~! =—5808 kI mole™!
This amount of energy is more than that required for the
ionisation of Alinto A’* (Ionisation energy of Al to Al3*=
5137kJ mol™"). Due to this reason, AICL, becomes ionic in
aqueous solution. In aqueous solution it exists in ionic
form as below
AICL +6H,0 — [AI(H,0),]* +3CI
AlCL +aq. —» AlCl,(aq.); AH="?
AH= Energ%released during hydration
— Energy used during ionisation

=-—4665-3 x 381 +5137=-671 ki/mol
Thus, formation of ions will take place.
Combustion of CH, and C H, | takes place as follows
CH, +20, - CO, +2H,0, AH=-809 kJ mol"!
CHy, +13/20,— 4CO, + 5H,0, AH=-2878 k] mol™!
In order to get the same calorific output due to C H
x x 809

2878
13
Rate of supply of oxygen = 0.28 x x = % 3=5.481xL/hr
ForC;H;: 3C+4H, > C,H,: AH

=9
ForC,H,: 2C +3H, —>C2H6;AH;= ?

S AH ={2(C-C)+ 8(C-H)] + [BC,, +4(H-H)] ..(1)
o AH,={(C-C)+6(C-H)] +[2C_,_+3(H-H)] ..(2)
Let bond energy of C~C be x kcal and bond energy of C—
Hbe y kcal

" Byeq. (1) AH,=—(2x+8y)+[3x 172 +4 x 104] ..(3)

3

107

the rate of supply of butane = =0.281x L/hr

AH,=—(x+6y)+[2x 172+3 x 104] {4
Also given C+0,—-CO,; AH=-94.0k cal ..(5)
H,+%:0, — H,0; AH=-68.0kcal .-(6)
C,H, +(7/2)0,— 2CO, +3H,0; AH=-372kcal ..(7)
C;H; +50,— 3CO, +4H,0; AH=-530k cal (8)
By inspection method : 2 x (5) + 3 x (6) — (7) gives
2C+3H,—»C,Hg; AH,=-20k cal w(9)
and3 x (5)+4 x (6)— (8) gives
3C+4H, > CH;: AH =20k cal ..(10)

- Byeq.(3),(4),(9) and (10)
x+6y=676
2x +8y=956
.. x=82kcalandy =99k cal
Bond energy of C—C bond = 82 k cal
and Bond energy of C—H bond = 99 k cal
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