CHAPTER

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

(a) A4 and B
(b) Band C
(¢c) Cand D
(d A4dand D

D 018

The combustion of benzene (/) gives CO,, and H,0;. Given
that heat of combustion of benzene at constant volume is
—-3263.9 kJ mol™! at 25 °C; heat of combustion (in kJ mol™) of
benzene at constant pressure will be
(R=8.314JK ! mol™)

(a) 41526 (b) -45243 (c) 3260 (d) —-3267.6

(2018)

An ideal gas undergoes a cyclic process as shown in figure :
AUge = -5 kJ mol ™!, A B
q45 =2 kI mol™!,
W5 =-5kJ moll, P
We, =3 kI mol™!
Heat absorbed by the system C
during process C4 is 14
(a) 18 kJmol! (b) +5kJ mol!
(¢) -5 kJ mol™! (d) —18 kJ mol!

(Online 2018)

For which of the following reactions, AH is equal to AU ?
(@) 2NOy) = NoOyge) (b) 2HlIg) — Hyg) + L
(Online 2018)

Given,
(i) 2Fe,05() — 4Fe( + 30,4,; A,G° = +1487.0 kJ mol™!
(i) 2COg + Oy = 2COy,); A,G° = -514.4 kJ mol™!
Free energy change, A,G° for the reaction
2Fe,05(5) + 6CO,) — 4Fe(,) + 6COy ) will be
(a) —112.4kJ mol! (b) —56.2 kJ mol!
(c) —168.2kJmol! (d) —208.0 kJ mol!
(Online 2018)

A,G° at 500 K for substance S’ in liquid state and gaseous state
are + 100.7 kcal mol™! and +103 kcal mol !, respectively. Vapour
pressure of liquid ‘S at 500 K is approximately equal to
(R=2 cal K'! mol™)

(a 0.latm (b) 10atm (c) 100atm (d) 1 atm

(Online 2018)
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For which of the following processes, AS is negative?

(a) C(diamond) g C(graphite)

(b) Nsy(g, 273 K) — Ny(g, 300 K)

(©) Hyy — 2H,

(d) Ni(g, 1 atm) — Ny(g, 5 atm) (Online 2018)

GiVen, C(graphite) + OZ(g) E— COZ(g); A,HO =-393.5k] m0171

1
Hag) +50a(g) —> H:0(; AH°=285.8 ki mol !

COyg) + 2H,0() ——> CHygy +20,,; AH® =+ 890.3 kJ mol™!
Based on the above thermochemical equations, the value
of A,H° at 298 K for the reaction,

Cgraphite) T 2Hy(g) — CHy(e) will be

(a) —74.8kJmol! (b) —144.0 kJ mol™!

(¢) +74.8kJ mol™! (d) +144.0 kJ mol™!

(2017)
AU is equal to
(a) adiabatic work (b) isothermal work
(c) isochoric work (d) isobaric work. (2017)

For a reaction, 4, — 4(;; AH =—-3RT. The correct statement
for the reaction is
(a) [AH|<|AU]
(c) [AH|>|AU]

(b) AH=AU=#0
(d AH=AU=0
(Online 2017)

The enthalpy change on freezing of 1 mol of water at 5°C
to ice at —5°C is
(Given : AgH = 6 kJ mol! at 0°C,
C,(H,0, ) =75.3 Jmol' K™,
C,(H,0, s) =36.8 J mol ' K'")
(a) 5.81 kJmol! (b) 6.56 kJ mol!
(¢) 6.00 kJ mol™! (d) 5.44 kJ mol”
(Online 2017)

A gas undergoes change from state 4 to state B. In this
process, the heat absorbed and work done by the gas is
5 J and 8 J, respectively. Now gas is brought back to 4 by
another process during which 3 J of heat is evolved. In this
reverse process of B to 4
(a) 10 J of the work will be done by the surrounding on gas
(b) 10 J of the work will be done by the gas
(¢) 6 J of the work will be done by the surrounding on gas
(d) 6 J of the work will be done by the gas.

(Online 2017)

An ideal gas undergoes isothermal expansion at constant
pressure. During the process
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(a) enthalpy increases but entropy decreases

(b) enthalpy remains constant but entropy increases

(c) enthalpy decreases but entropy increases

(d) both enthalpy and entropy remain constant.
(Online 2017)

The heats of combustion of carbon and carbon monoxide are
—393.5 and —283.5 kJ mol™' respectively. The heat of formation
(in kJ) of carbon monoxide per mole is
(a) 1105 (b) 676.5
(c) —676.5 (d) —110.5 (2016)

For the reaction, A(g) + B(g) - C(g) + D(g), AH° and AS° are,
respectively, —29.8 kJ mol! and —0.100 kJ K! mol™! at
298 K. The equilibrium constant for the reaction at 298 K
is

(@ 1.0x10°'°
() 1

(b) 10
(d) 1.0x 1010
(Online 2016)

A reaction at 1 bar is non-spontaneous at low temperature
but becomes spontaneous at high temperature. Identify
the correct statement about the reaction among the
following.

(a) AH is negative while AS is positive.

(b) Both AH and AS are negative.

(¢) AH is positive while AS is negative.

(d) Both AH and AS are positive. (Online 2016)

If 100 moles of H,0, decompose at 1 bar and 300 K, the
work done (kJ) by one mole of O, , as it expands against
1 bar pressure is

2(2)

2H,05) = 2H,0¢) + Oy
(R=83JK !moll)
(a) 124.50 (b) 249.00
(c) 498.00 (d) 6225  (Online 2016)

The following reaction is performed at 298 K.

INO,) + Oy = 2NOy, . .

The standard free energy of formation of NO,, is 86.6 kJ/mol
at 298 K. What is the standard free energy of formation of
NO,,, at 298 K? (K =1.6 x 10'2)

In(1.6x10'?)
R(298)
(b) 0.5[2 x 86, 600 — R(298)In(1.6 x 10'2)]
(©) R(298)In(1.6 x 10'2) — 86600
(d) 86600+ R(298)In(1.6 x 10'2)

2(2)

(a) 8660—

(2015)

The heat of atomization of methane and ethane are 360 kJ/mol
and 620 kJ/mol, respectively. The longest wavelength of
light capable of breaking the C — C bond is (Avogadro
number = 6.02 x 1023, h = 6.62 x 1073* Js)
(@) 1.49 x 10°nm (b) 2.48 x 10° nm
(c) 2.48 x 10*nm (d) 1.49 x 10*nm

(Online 2015)
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For complete combustion of ethanol,
CHsOH j) + 30, —> 2C04y,) + 3H,0,

the amount of heat produced as measured in bomb
calorimeter, is 1364.47 kJ mol ! at 25 °C. Assuming ideality
the enthalpy of combustion, A H, for the reaction will be
(R=38.314kJ mol )

(a) —1350.50 kJ mol!
(¢) —1361.95kJ mol!

(b) —1366.95 kJ mol"!
(d) - 1460.50 kJ mol"!
(2014)

A piston filled with 0.04 mol of an ideal gas expands reversibly

from 50.0 mL to 375 mL at a constant temperature of 37.0°C.

As it does so, it absorbs 208 J of heat. The values of ¢ and

w for the process will be

(R=28.314J/mol K) (In 7.5 = 2.01)

(a g=+208J,w=+2081]

(b) g=+208J, w=-2081

(¢) ¢g=-208J,w=-2081J

(d g=-208J,w=+20817J

The incorrect expression among the following is

Vy

(a) in isothermal process, Wreversible =—HRT1n7
1

(2013)

AH° —TAS®
RT

(b) InK=

AG,

system

@ s =T

(c) K= eATRT (2012)

total

The entropy change involved in the isothermal reversible
expansion of 2 moles of an ideal gas from a volume of
10 dm? to a volume of 100 dm? at 27°C is

(a) 38.3 Jmol!'K™! (b) 35.8Jmol'K!

(¢) 32.3Jmol'K! (d) 423 Jmol!'K!

(2011)

The standard enthalpy of formation of NHj; is — 46 kJ mol!.
If the enthalpy of formation of H, from its atoms is
— 436 kJ mol! and that of N, is =712 kJ mol™!, the average
bond enthalpy of N—H bond in NH; is
(a) — 1102 kJ mol! (b) — 964 kJ mol!
(¢) +352kJ mol! (d) +1056 kJ mol™!

(2010)

For a particular reversible reaction at temperature 7, AH
and AS were found to be both +ve. If T, is the temperature
at equilibrium, the reaction would be spontaneous when
(a T=T, b)) 7,>T
() T>T, (d) T,is 5 times T

(2010)
On the basis of the following thermochemical data :
(AfGO H+(aq) = 0)
Hzo(l) - H+(aq)+ OHi(aq) 5 AH=57.32 k]

1
Hz(g)-,- 502(g) - Hzo([); AH = -286.2kJ

The value of enthalpy of formation of OH™ ion at 25°C is
(a) —22.88kJ (b) —228.88kJ

(c) +228.88kJ (d) —343.52kJ (2009)
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In a fuel cell methanol is used as fuel and oxygen gas is
used as an oxidizer. The reaction is

3

At 298 K standard Gibb’s energies of formation for CH;0H,,
H,0(, and CO,, are —166.2, —237.2 and —394.4 kJ mol™!
respectively. If standard enthalpy of combustion of methanol
is =726 kJ mol™!, efficiency of the fuel cell will be

(a) 80 % (b) 87%

(c) 90% (d) 97% (2009)
Standard entropy of X,, ¥, and XY; are 60, 40 and 50 J K~! mol!,
respectively. For the reaction, 1/2 X, + 3/2 Y, —» XV;3,
AH = =30 kJ, to be at equilibrium, the temperature will be
(a) 1000K (b) 1250K

(¢) 500K (d) 750K (2008)

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

7 A H A H
12 Adi.m H eg — hyd —
172 Clyg Clg) Cl gy ——> Cliag)

The energy involved in the conversion of 1/2 Cly to
Cl ) (using data, A, Hey =240 kI mol ',

A H e =-349 kI mol™, Ay Hey =381 kI mol ™)

will be

(a) +120 kJ mol™!
(¢) —610kJ mol!

(b) +152kJ mol™!

(d) -850 kI mol!  (2008)

Identify the correct statement regarding a spontaneous
process:

(a) Lowering of energy in the reaction process is the only
criterion for spontaneity.

For a spontaneous process in an isolated system, the
change in entropy is positive.

(c) Endothermic processes are never spontaneous.
(d) Exothermic processes are always spontaneous.

Assuming that water vapour is an ideal gas, the internal
energy change (AU) when 1 mol of water is vapourised at
1 bar pressure and 100°C, (given : molar enthalpy of
vapourisation of water at 1 bar and 373 K = 41 kJ mol™ and
R=8.3J mol! K") will be
(a) 41.00 kJ mol™!

(¢) 3.7904 kJ mol!

(b)

(2007)

(b) 4.100kJ mol™!

(d) 37.904kImol  (2007)

In conversion of limestone to lime,

CaCO3(S) — CaO(Y) + CO2(g)
the values of AH® and AS° are +179.1 kJ mol™' and
160.2 J/K respectively at 298 K and 1 bar. Assuming that AH®
and AS° do not change with temperature, temperature above
which conversion of limestone to lime will be spontaneous
is

@) 1118K
() 1200K

(b) 1008K

(d) 845K (2007)
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(AH — AU) for the formation of carbon monoxide (CO) from
its elements at 298 K is
(R=28.314 JK! mol™)
(a) —1238.78 Jmol™!
(¢c) —2477.57 Jmol™!

(b) 1238.78 Jmol™!

(d) 2477.57Tmol  (2006)

The enthalpy changes for the following processes are listed
below:

Clyg) = 2Cl(,), 242.3 kJ mol !

Ly = 21y, 151.0 kJ mol ™!

ICl g = Iy + Clig), 211.3 kJ mol™!

Ly = Ly, 62.76 kJ mol™!

Given that the standard states for iodine and chlorine are I,
and Cly,, the standard enthalpy of formation for ICl, is
(a) —14.6 kJ mol™! (b) —16.8 kJ mol!

(c) +16.8kImol" (d) +244.8kImol!  (2006)

An ideal gas is allowed to expand both reversibly and

irreversibly in an isolated system. If 7, is the initial temperature

and 7' is the final temperature, which of the following

statements is correct?

(a) (T} irrev = (T} rev

(b) T,> T, for reversible process but 7, = T; for irreversible
process

(C) (T} rev = (Tf)irrev

(d) T,= T, for both reversible and irreversible processes.
(2006)
The standard enthalpy of formation (AH?) at

298 K for methane, CH4(g) is —74.8 kJ mol™'. The additional

information required to determine the average energy for

C — H bond formation would be

(a) the dissociation energy of H, and enthalpy of

sublimation of carbon

(b) latent heat of vaporisation of methane

(c) the first four ionisation energies of carbon and electron

gain enthalpy of hydrogen

the dissociation energy of hydrogen molecule, H,.
(2006)

(d)

If the bond dissociation energies of XY, X, and Y, (all diatomic
molecules) are in the ratioof 1 : 1 : 0.5 and AHffor the formation
of XY is —200 kJ mol™'. The bond dissociation energy of X,
will be

(a) 100 kJ mol™!
(c) 800 kJ mol!

(b) 200 kJ mol"!

(d) 400 kI mol! (2005)

A schematic plot of In K versus inverse of temperature for
a reaction is shown in the figure. The reaction must be

6.0

f

In Keq

2.0
1.5x 1073

2.0x%1073
UT (K1) —>
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(a) exothermic
(b) endothermic
(c) one with negligible enthalpy change
(d) highly spontaneous at ordinary temperature.
(2005)

Consider the reaction: N, +3H, — 2NH, carried out at constant
temperature and pressure. If AH and AU are the enthalpy and
internal energy changes for the reaction, which of the
following expressions is true?

(a) AH=0 (b) AH=AU

(c) AH<AU (d) AH> AU (2005)

For a spontaneous reaction the AG, equilibrium constant (K)
and E°_; will be respectively
(a) -ve, >1, +ve
(c) —ve, <1, —ve

(b) +ve, >1, —ve

(d) —ve, >1, —ve (2005)

The enthalpies of combustion of carbon and carbon monoxide
are —393.5 and —283 kJ mol ™! respectively. The enthalpy of
formation of carbon monoxide per mole is
(a) 110.5kJ (b) 676.5kJ

() -676.5k] (d) -110.5kJ (2004)

An ideal gas expands in volume from 1 x 1073 m?
to 1 x 102 m?® at 300 K against a constant pressure of
1 x 105 Nm=. The work done is

(@ —90017J (b) —900kJ

(c) 270kJ (d) 900kJ (2004)

The internal energy change when a system goes from state
A to B is 40 kJ/mole. If the system goes from 4 to B by a
reversible path and returns to state 4 by an irreversible path
what would be the net change in internal energy?

(a) 40kJ (b) >40KkJ

(c) <40KkJ (d) zero (2003)

In an irreversible process taking place at constant 7 and P
and in which only pressure-volume work is being done, the
change in Gibbs free energy (dG) and change in entropy
(dS), satisfy the criteria

@) (dS)yp <0,(dG)p<0

(b) @Sy >0,(dG)rp<0

. @ 2 (d 3 (b 4 (b 5 () 6 (
13.(b) 14.(d) 15 (¢) 16.(d)  17. (*) 18. (b)
25. (c) 26. (b) 27. () 28.(d)  29. (c) 30. (b)
37.(c)  38. (@ 39.(c) 40.(a) 4. (d) 42. (a)

45.

46.

47.

48.

49.

ANSWER KEY

© (@S)yr =0,dG)rp,=0
(d) @Sy r =0,(dG)rp>0

The enthalpy change for a reaction does not depend upon

the

(a) physical states of reactants and products

(b) use of different reactants for the same product

(c) nature of intermediate reaction steps

(d) difference in initial or final temperatures of involved
substances. (2003)

If at 298 K the bond energies of C — H, C - C,
C = C and H - H bonds are respectively 414, 347, 615 and
435 kJ mol™, the value of enthalpy change for the reaction
H,C = CHyg,) + Hy) — H3;C — CHyy

at 298 K will be
(a) +250kJ
(c) +125kJ

(2003)

(b) —250kJ

(d) —125kJ. (2003)

A heat engine absorbs heat O, at temperature 7, and heat O,
at temperature 7,. Work done by the engine is J (O, + Q,).
This data
(a) violates 1 law of thermodynamics
(b) violates 1% law of thermodynamics if O, is —ve
(c) violates 1% law of thermodynamics if O, is —ve
(d) does not violate 1% law of thermodynamics.
(2002)

If an endothermic reaction is non-spontaneous at freezing
point of water and becomes feasible at its boiling point, then
(a) AH is —ve, AS is tve

(b) AH and AS both are +ve

(c) AH and AS both are —ve

(d) AH is +ve, AS is —ve (2002)

For the reactions,

C+0,—>CO,; AH=-3931]
2Zn+ 0, > 2Zn0O ; AH=-4121]

(a) carbon can oxidise Zn

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

(d) Zn can oxidise carbon. (2002)

7..@d 8 @ 9 (@ 10. ¢ 1. (b) 12. (¢)
19. (@ 20. (b) 21. (b) 22.(b) 23. () 24. (0)
3. d) 32. (@ 33 () 34.(c) 35 (@ 36 (a)
43. (d) 4. (b) 45. (c) 46. (d) 47. d)  48. (b)
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AH® + AS°
RT R

]

1. (@) :From thermodynamics, In K = —

For exothermic reaction, AH = —ve; Slope =— R =+ve

So, from graph, line should be 4 and B.
2. (d) : Combustion of benzene,

15
CeHeoy + O2(g) — 6CO4,) + 3H,0,

AH =AU+ AnRT ;

15
Ang=6—?=—l.5

AU =-3263.9 kJ/mol,

R=8314JK!'mol!, T=25+273 =298 K
AH=-3263.9 — 1.5 x 8.314 x 298 x 1073

=-3263.9 -3.716 = — 3267.6 kJ/mol
3. (b) : From the first law of thermodynamics :
Where, g = Heat change, w = work done
Now, for state A — B, AUpg = gap + Wap =2 — 5 = -3 kJ mol!
For state A = B — C, AUypc = AUyp+ AUpc=—-3 -5

= — 8 kJ mol!

AU=q+w

AUCBA = - AUABC = — (— 8) =+ 8 KkJ m0171

As, internal energy is a state function, thus,

AUCBA = AUCA: + 8 kJ mol! and, AUCA =dca + Wea
8:qCA+3 = qCA:8—3:+5kJm0171

4. (b) :AH = AU + AngRT

AH will be equal to AU if , An, is zero, i.e., moles of gaseous
reactants and products are equal.

(a) 2N02(g) — N204(g); Ang =1-2=-1

(C) 2SOZ(g) + 02(8) d 2SO3(8)’ Ang =2 - (2 + 1) =-1
(d) NZ(g) + 3H2(g) — 2NH3(g), Ang =2 - (1 + 3) =-2

5. (b) :2Fe;05(5) — 4Fe() + 30y ;
A,G° = +1487.0 kJ mol™! ...(J)
2COy + Oy — 2C0y 5 A,G° = —514.4 kJ mol ! ...(ii)
On multiplying equation (ii) by 3 and adding to equation (i), we
get the required equation,
2Fe,05(,) — 4Fe() + 304,); A,G° = 1487.0 kJ mol !
6CO(q) + 3055 — 6COyy ; AG° =3 x (-514.4)
2Fe,05(5) + 6CO) — 4Fe(,) + 6COy ;
AG® =1487.0 + 3 x (-514.4) = -56.2 kJ mol!

6. (a) H S(l) —_—> S(g)
(A, G° = 100.7 (A,G° = 103
kcal mol™) kcal mol™")

AG for this transformation is :

AG° =103 —100.7 = 2.3 kcal mol™! = 2.3 x 103 cal mol™!

AG° = —RT InK

23x103=-2303x2x500logK = logk=-1 = K=0.1
K=p,=0.1 atm

L. T B
7. (d) : Entropy change, ASis given as : AS = nC, In=2+nR ln?1
1 2

For isothermal process, temperature is constant.

AS=0+ann% =—16nR .. AS<O

While in all other cases, the entropy increases.

8. (@) : Cigumie) T Oz —> €Oy AH°=-393.5 kI mol
(i)
Hy + %oz(g) ——> H,0,; AP = -285.8 kJ mol'! ..(ii)
CO,p, + 2H,0) —> CH,, +20,,: A H° = + 890.3 kI mol!
-.(iif)

C

(graphite) + 2H2(g) —> CH4(g); A,,HO =?

On applying the mathematical operation,

(i) + (ii) x 2 + (iii), we get

Claraphite) T Oaep —> COys AH® =3935k m(11*1
ZHz(g) + OZ(g) > ZHZO(/); A,,HO = *5716 kJ mol

. o -1
COy,, + 2H,0) —> CH,y,, + 20,,; A H° = +890.3 kJ mol

Claraphite) T 2Hy(g) —> CHyp)l
AHP = [-393.5 + (-571.6) + 890.3] kJ mol | = ~74.8 kI mol '

9. (a) : According to 1% law of thermodynamics
AU=qg+w (1)
where, AU = change in internal energy, ¢ = heat, w = work done
For adiabatic process, g = 0

AU=w
i.e., change in internal energy is equal to adiabatic work.

10. (¢): AU=AH - AngRT

AU =-3RT - (0 — 1)RT (- Ang= np — )
AU = - 2RT

Hence, |AH] > |AU]

11. (b) : Total energy change involves the following steps :
Change of 1 mol of water at 5°C to 1 mol of water at 0°C.
Change of 1 mol of water at 0°C to 1 mol of ice at 0°C.
Change of 1 mol of ice at 0°C to 1 mol of ice at — 5°C.
-~ Total AH = C (H,O )AT + AH, ... + C (H,O)AT
=753 x(0-5)+ (-6 x10% +36.8(-5-0)
=-1376.5 — 6000 — 184 = 6.56 kJ mol!
12. (c¢) : From 4 to By
g=+5J,w=-81] (work done by the system)
According to first law of thermodynamics,
AU=qg+w=5-8=-3]
From Bto 4; AU=+31]
(As internal energy is state function and does not depend on
path)
q = — 3] (heat evolved),w =AU-g=+3-(-3)=+61]
Thus, 6 J work will be done by the surrounding on gas.



13. (b): For an isothermal expansion of an ideal gas at constant
pressure, AH = nCpAT =0; AS = ann(V/./Vl.) >0

1
14. (d) : The required equation C(‘Y)+502(g) — COy,; AH = ?
=-393.5 kJ/mol™" ...(i)
...(i1)
Subtracting eqn (ii) from eqn (i) will give the required equation.
= AH,=AH, - AH, =-393.5 - (-283.5) = —-110 kJ mol™!
15. (¢) : AG®° = AH° —TAS®
AG®° =-29.8 kI mol™' + 0.1 x 298 kI mol™!' =0
Also, AG° = -2.303 RT log K = 0=-2.303 RT log K
logK=0= K=1
16. (d): AG = AH - TAS
According to the above reaction if AH > 0 and AS > 0 then the

process is spontaneous at high temperature and non spontaneous
at low temperature.

17. (*) : 2H,0,;) == 2H,04 + Oy
100 moles
W= Pext * dav = 7pext(Vf* Vz) = 7pext(Vf)
Now, for oxygen, PV = nRT
= w=-nRT=—(1) (8.3) (300) (for one mole of oxygen)
=-2490J =-2.49 kJ

The work done by one mole of oxygen is 2.49 kJ.
* (None of the given options is correct.)
18. (b) : Given : 7= 298 K, AG}0) = 86.6 kJ/mol,
AGf"(Noz) =7, K,=1.6 x10"2
2NO ) + Oy, == 2NO
AG?=2A ;(NOZ) = 2AG7 o)~
AGe= ZAGJ?(Noz) —2 x 86,600
AG?=-RT InK

2AG;?(N02) —2 % 86,600 =-R(298) In (1.6 x 10'%)

Ao = 2% 86,600 — R(298) In(1.6 x10'?)
N0y P
= 0.5 [2 x 86,600 — R(298) In (1.6 x 10'2)]

19. (a):InCH, 4 x BE, , =360 kl/mol

: BE(C—H) =90 kJ/mol

In C,Hy, BE ¢+ 6 % BE_y =620 kl/mol
80x10°

€9 602x10%

Given that, C, + Oy — COyy); AH,
1
CO )5 0ns) = COy)3 AH, = ~283.5 kil mol !

50 moles

(- Vi=0)

2 (2

(e}
AGf(Oz)

BE

co= 80 kJ/mol .. BE

J/molecule

hc
Now, E=—
A

_6.62x10* x3x10° x6.02x10%

80x10°
A=1.49 x 103 nm

20. (b) : Given; AE = —1364.47 kI mol™!, An, =2 -3 =—1
T =25+273=298K
AH =AE+ An,RT =~ 1364.47 + (- 1) x 8.314 x 103 x 298
=—-1364.47 -1 x 8314 x 103 x 298
=-1364.47 —2477.57 x 103 =~ 1366.95 kJ mol"!
(Note : Given value of R is wrong, it should be
8.314 J K- mol ! or 8.314 x 103 kJ K-! mol ')

A

=149%x10°m

21. (b) : As it absorbs heat, ¢ =+ 208 J

V.
Wiy = —2.303nRT10g10[V2]
1
= —2.303x(0.04) x 8.314 x 310 log,, [%]
Wyey = —207.76 = — 208 J

22. (b): AG® = —RT InK, AG® = AH° — TAS®
AHO—TASOJ
RT
23. (a) : Entropy change for an isothermal process is

AH° — TAS® = -RT InK = an:—(

AS =2.303nRlog [ﬁ
Vi
=38.294 Jmol ' K!'=38.3 Jmol ! K!
24. (¢): 1/2N,+3/2H, — > NH,
B.E. 712 436

o 1 3
(AH)nm, = {23.15.1\]2 +5BEy, —3B.E.N_H}

J =2.303x2x8.314 log(%)

—46= B X712+ % x 436 — 3B.E.N_H}

— 46 =356 + 654 — 3B.En_y
3B.E._y=1056

1056

BE.y_y =——— =352k mol ™!

25. (c) : According to Gibbs formula, AG = AH — TAS
Since AH and AS, both are +ve, for AG < 0, the value of 7> T,.

26. (b) : The reaction for the formation of OH (4 is
1
2
This is obtained by adding the two given equations.

AH for the above reaction = 57.32 + (-286.2) = —-228.88 kJ

Hy)+ (aq)

Oy —>H{,,+ OH

27. (d) : For the given reaction,

CHOH,, + 30y, —>COy, +2H,0, AH = ~726 kI mol”
also,AG°/[CH30H()] =~166.2 kJ mol ™!

AG®/[H200)] = —237.2 kJ mol™! and AG®/[COx)] = ~394.4 kJ mol~!
Now, AG%eaction = LAG proquers — 2 AGT reactans

=[-394.4 + 2 x (-237.2)] - (-166.2) = — 702.6 kJ mol!

% Efficiency = 250 x100= 20100~ 96.77% ~ 97%

28, @: 5%, +3% X,

AS?eaction = AS}:())roducts - ASI%aCtantS

o DS ion =AShy, ~ 3 A 3 AS))
=50-2X60-2x40= 40 JK' mol"!

Using equation, AG = AH — TAS
We have AH= —30kJ, AS=-40JK ! mol ! and at equilibrium

AG = 0. Therefore T=M—%

AS =750K
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29. (¢): 5C12(g)_>01(g); AlezAdissH

- -1
Clig) = Cligy; AH,=A, HE =-349kJ mol
Clig) +aq— Cl,); AH; = Ahdee =-381 kJ mol™

o % — 120 kJ mol™!

cn

. S| - .
The required reaction is EClz(g) = Cliyg); AH
Then AH = % DgigsHE + Mg H® + 8y HE
— 120 + (~ 349) + (-381) = —610 kJ mol!

30. (b):In anisolated system, there is neither exchange of energy
nor matter between the system and surrounding. For a
spontaneous process in an isolated system, the change in entropy
is positive, i.e. AS > 0.

Most of the spontaneous chemical reactions are exothermic. A
number of endothermic reactions are spontaneous e.g. melting
of ice (an endothermic process) is a spontaneous reaction.
The two factors which are responsible for the spontaneity of a
process are

(i) tendency to acquire minimum energy

(i) tendency to acquire maximum randomness.

31. (d): AU=AH —AnRT =41000 -1 x 8.314 x 373
=41000-3101.122 =37898.878 J mol! =37.9 kJ mol !
32. (a): For AG®° = AH®° — TAS®

For a spontaneous process AG® < 0 i.e. AH° — TAS® < 0

or AH° < TAS® or, TAS°> AH°
or T>AH ie. T>Wor T>11179K=1118 K

33. (a): AH— AU = An,RT
1 1

1
+ = cAn,=l—|l+— ===
C 202—>CO, o [ 2) 3

AH - AU = —%x8.314 %298 =—1238.78 J mol™!

1 1

1 1 1
AHicyg) = [EAHIz(SHIz(g) + EAHI—I + EAHCI—CI:| —AH_¢]

:[lx62.76+l><151.0+l><242.3}—[211.3]
2 2 2

=[31.38+75.5+121.15]-211.3=228.03 -211.3 =16.73 kJ/mol

35. (a) : If a gas was to expand by a certain volume reversibly,
then it would do a certain amount of work on the surroundings.
If it was to expand irreversibly it would have to do the same amount
of work on the surroundings to expand in volume, but it would
also have to do work against frictional forces. Therefore the amount
of work have greater modulus but —ve sign.

I/Virrev. > Wreve_ 5 (Tf irrev. =~ (]} Tev.

36. (a):C+2H, —» CH,; AH®° = -74.8 kJ mol!

In order to calculate average energy for C — H bond formation
we should know the following data.

Cleraphitey = C(g) 5 AHG = enthalpy of s_ublimation of carbon
Hy) — 2H, ; AH® = bond dissociation energy of H,

37. (c) : Let the bond dissociation energy of XY, X, and Y, be
x kJ mol™!, x kJ mol™' and 0.5x kJ mol™! respectively.

%Xz + %Yz — XY; AH ; =-200 kJ mol ™'

AH,,i0n = [(sum of bond dissociation energy of all reactants)

— (sum of bond dissociation energy of product)]

1 1 x 0.5x
= |:E X, +EAHY2 _AHXY:| = E-l,-T—x:—ZOO

2=22 _ 00 kJ mol™
0.25

K _AHP1 1
38. (a): K, RI|T T

6 AH ) )
In2 == 01.5x10 3_9x1073] = 1n3=%x(_0,5x10—3)

AH of reaction comes out to be negative. Hence reaction is
exothermic.

39. (¢): N, +3H, — 2NH;
AH = AU + AnRT = AU — 2RT
s AH < AU

40. (a) : For spontaneous process, AG = —ve

Now AG = —RT In K ; When K > 1, AG = —ve

Again AG® = — nFE° ; When E° = +ve, AG® = —ve

41. (d) . C(r) + OZ(g) — CO2(g) 5 AH = -393.5 k] m0171 . (1)

... (i)

(An=2-4=-2)

CO(g) + %OZ(g) d CO2(g) 5 AH = -283 kJ mol’l

On subtraction equation (ii) from equation (i), we get

Cy) + Oyq) = COy 5 AH = —-110.5 kJ mol™

The enthalpy of formation of carbon monoxide per mole

=-110.5 kJ mol™!

42. (@): W=—-PAV=—1x 101 x 102 -1 x 1073)
=-1x10°x9x10°=-900]J

Reversible path

43. @): , 3

Irreversible path

We know that for a cyclic process the net change in internal energy
is equal to zero and change in the internal energy does not depend
on the path by which the final state is reached.

44. (b) : For spontaneity, change in entropy (dS) must be positive,
means it should be greater than zero.

Change in Gibbs free energy (dG) must be negative means that
it should be lesser than zero. (dS)y, x> 0, (dG)7, p < 0.

45. (c) : This is according to Hess's law.
H H H H
AN s
46. (d: c=cC +IT—H%H—\}‘.—C/—H
H \H H AN H
AH, Reaction — 2 BEreactant - 2 BEproduct
=4 x 414 +615+435—(6 x 414 + 347)=2706 — 2831 =—-125kJ

47. (d) : It does not violate first law of thermodynamics but
violates second law of thermodynamics.

48. (b) : For endothermic reaction, AH = +ve

Now, AG = AH — TAS

For non-spontaneous reaction, AG should be positive

Now AG is positive at low temperature if AH is positive.

AG is negative at high temperature if AS is positive.

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

S Ca
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