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Topic: Thermodynamics

Very Short Answer Questions
1. When 430 J of work was done on a system, it lost
120 J of energy as heat. Calculate the value of internal

energy change (AU) for this process.
Predict thesign of Ase for the following reaction:

2H,S(9) +30,(9) — 2H,0(g) + 250,(9) -

Classify the following as extensive and intensive
properties: Molar heat capacity, Temperature, Enthal py
and Volume.

Givetwo examples of state functions.

Give an example of a spontaneous process which is
endothermic.

Name the state variables which remain constant in

(i) isobaric process. (ii) isothermal process.

What is bond energy? Why is it called enthalpy of
atomisation?

Define:

(i) intensive properties (ii) adiabatic process.
Predict in which of the following, entropy ipereases/
decreases. Give reason:

Temperature of crystalline solid is rai sed from0Keto
115K.

(i) H,(g9)—>2H(9)

9.

(0)

11. Which oneof thefollowingsrotiextensive State function?
Enthalpy change, Internal enérgy ¢hange and-PreSsure
12. Writean expression in the form of chemical egdation for

the standard enthal py of formation (A H) ( of CO(g).

13. Stateachemical reactioninwhich AH and AU areequal.

14. Which of thefollowingisan intensive property? Surface
tension, Mass, Volume, Enthal py, Density

15. Will the change in enthal py of the system be zero in an
adiabatic process?

16. What happensto the internal energy of the system if.

(i) work isdone on the system?

(i) work isdone by the system?

17. What is the value of internal energy for | mole of a
monoatomic gas?

18. For thereaction, N,(g)+3H,(g) — 2NH,(g) predict

whether the work isdone on the system or by the system.
19. What isthelimitation of first law of thermodynamics?
20. Which of thefollowing isan extensive property?

(a) Volume (b) Surfacetension

(c) Viscosity (d) Density
21. Which of the following is not a state function?

(@ U +PpPV (b) g+w
© L= @ a

22. Which one of the following has the same value as

A H°(CO)?

10. When isthe entropy of apetfectly crystalline solid zero? f

(a) 1/2AH°(CO,)

(b) 1/2 A_H° (graphite)

(c) A¢H°,(CO,)~AH?® (graphite)
(d) A H°(graphite)- A_H°,(CO)

23. Predict AH>AUOr AH < AU Or AH = AU .

(i) C(graphite) + O,(g) - CO,(9)

(i) PCls(g) —» PCl3(g) +Cl,(9)
24. What are the ways by which the internal energy of a

system can be changed?

25. State why heat, changes in physical and chemical
processes afe indicated’by enthalpy changes and not
by internal energy changes.

26. Under what.cenditions App.and. AU are equal?

27. Which of theffollowing isanendothermic process?

(i) »2H,40; - 2H,0; AH =—-qkJ

(i) ANg+ Oy — 2NO AY kJ

(i) CHy+20,4 CO,+2H,0; AH =-X kJmol ™

(iv)iNaOH#+ HCl — NaCl + H,0+ Z kJ

28, Theenergy released in the neutralisation of H,SO, and
KOH is57.1 kJmol*. Therefore, cal cul ate the value of
AH for thereaction:
H,O, + 2KOH —» K,SO, +2H,0
29.CH,(9) +20,(g) —» CO,(g) + 2H,0(l) .

AH =-890kJ mol *.

What isthe calorific or fuel valueof 1 kgof CH,?
The energy released in the neutralisation of
H,S0,and KOH is 57.1 kI mol . Therefore,
calculatethevalue of AH for the reaction:

H,30, + 2KOH — K,S0, +2H,0
CH,(9) +20,(g) = CO,(g) +2H,0() -

AH =-890kJ mol *.
What isthe calorific or fuel valueof 1 kgof CH,?

H,(9)+Cl,(g) > 2HCI(g) +185kJ .

State whether thisreaction is exothermic or
endothermic and why.

31. Which of thefollowing are state functions?

(i) Heightof ahill

(i) Distancetravelled in climbing the hill

(iii) Energy consumed in climbing the hill

32. In the equation: N, (g)+3H,(g) = 2NH,(g) ,what

would be the sign of work done?
33. What is the value of AG when ice and water are in
equilibrium?

28.

29.

30.

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186

[1]

Facebook page: chemistry_classeswith Sir Ajay Behl

Youtube Channel: chemistry withAjay Behl Sir



Thermodynamics

AJAY BEHL ACADEMY OF CHEMISTRY

Facebook page: chemistry classeswith Sir Ajay Behl

Youtube Channel: chemistry withAjay Behl Sir

(i)
(i)

(0)

(if)

(i)
(if)

35.

36.

37.

38.

39.
40.

4]1.
42.

45,

46.

47.

51.

34. If AGe for areversible reaction is found to be zero,

what isthevalue of itsequilibrium constant?

Why does NH ,NO,dissolve in water spontaneously

even when this processis endothermic?

If AH for areaction has a negative value, how would
you know the sign requirement of ASfor it so that the
reaction is spontaneous at low temperatures?

Which have more entropy, real crystal or ideal crysta
and why?

How ischangein entropy during melting of solid related
toitsmelting point?

Why does entropy increase on mixing of two gases?
At what temperature, the entropy of a perfect
crystalline substance is taken as zero?

What is the effect of temperature on entropy?

How is standard free energy change related to
equilibrium constant?

. Which has larger absol ute entropy per mole?

(i) H,O(l) at 298K or H,O(l) at 350K,

(i) N, or NO both at 298 K
. Determine the sign of entropy changein

N(9) +0,(9) - 2NO(9)

Will entropy increase or decrease if thefollowing
changes?

Sugar dissolved in water,

Normal egg to hard boiled.egg.

Does an aqueous solutionof Mg?sions have alarger
entropy before or after hydration of thefons?

The standard absolute entropy of asubstaneg, (S°) is
the entropy of the substance in its standard state at |
arm, temperature being:

@ 0K (b) 298 K

(c) 398K (d) 273K

. For a spontaneous process, which of the following is
aways true?

(@ AG>0
(€) -TAS>0

(b) ASy <O
(d) AG<0

49. For which of the following processes Sis negative?

H,(9) - 2H(g)
N,(g,1atm) - N,(g, 5 atm)

(i) 2805(g) — 230,(9) + O,(9)

(iv)
50.

C (diamond) — C(graphite)

Why is entropy of a solution higher than that of pure
liquid?

Choose the correct answer. A thermodynamic state
functionisaquantity

used to determine heat changes

whose valueisindependent of path

(iii) used to determine pressure volume work
(iv) whose value depends on temperature only.
52.

For the process to occur under adiabatic conditions, the
correct conditionis:

(if)
(if)

58.
59.

61.

62.

63.

64.

1 AT=0 () AP=0

(iii)gq=0 (ivyiw=0

The enthalpies of all elementsin their standard states
are:

(i) unity (i) zero
(iv) different for each element.

AU° of combustion of methaneis-X kJmol. Thevalue
of AH®is
() =AU°

(iii) <AuUe

(iii) <0

(if) >AU°
(iv) = 0.

55. The enthalpy of combustion of methane, graphite and

dihydrogen at 298 K are, -890.3 kJ mol?, -393.5 kJ
mol* and -285.8 kJ, mol* respectively. Enthalpy of
formation of CH,(9)will e
()-74.8 kI mol*

(iii) +74.8 kdmal

(ii) -52.27 kamol
(iv) +52.26 kImol*

56. A reaction,) A4B 3 C+ D +q is found to have a

positive entrepy change: T heréaction will be

(i) ‘possibleathightemperature

(i) p0ssible onl yiatdow temperature

(i hotypossi bl e@i-any temperature

(iv) possible@tany temperature.
$7. (i) Two litrés of an ideal gas at a pressure of 10 atm
expandsisothermally into avacuumuntil itstotal volume
iS10fitres.
How much heat is absorbed and how much work is
doneintheexpansion?
Consider the same expansion, but this time against a
constant external pressure of 1 atm.
Consider the same expansion, to afinal volume of 10
litresconducted reversibly.
State second law of thermodynamics.
Write the conditions in terms of AH andAS when a
reaction would be always spontaneous.
. When AH > 0 and AS < 0, a reaction is never
spontaneous. Explain.
18.0 g of water completely vaporises at 100°C and
1 bar pressure and the enthalpy change in the process
is40.79 kImol-t. What will be the enthal py change for
vaporising two moles of water under the same
conditions? What isthe standard enthal py of vaporisation
for water?

One mole of acetone requires less heat to vaporise

than 1 mole of water. Which of thetwo liquids hashigher
enthal py of vaporisation?

Standard molar enthalpy of formation, A¢H°
isjust aspecial case of enthalpy of reaction, A, H°. s

the A, H°for the following reaction sameas A¢H®?
Give reason for your answer.
CaO(s) + CO,(g) — CaCO,(s);

AH°=178.3kJ mol *.

Thevalueof A¢H® for NH, is-45.9kJmol*. Calculate
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(0)

2.

65.

66.

67.

68.

66.

70.

71.

72.

73.

74.

enthal py changeTor theTolTowing reaction:

2NH;3(9) - N,(g) +3H,(9)
Enthal py isan extensive property. In general, if enthalpy
of an overall reaction: A— Balong one route is

AHand A/ H;, AH,, AH;, ... ,represent
enthal pies of intermediate reactions|eading to product
B. What will be the relation between A, H for overall

reaction and A, H,, A H,,....., etc. for intermediate
reactions?

The enthalpy of atomisation for the reaction:

CH,(g) > C(g) +4H(g) is 1665. What is the bond

energy of C-H bond?

Heat has randomising influence on a system and
temperature is the measure of average chaotic motion
of particles in the system. Write the mathematical
relation which relates these three parameters.
Increase in enthalpy of the surroundings is equal to
decreasein enthal py of the system. Will thetemperature
of system and surroundings be the same when theyare
inthermal equilibrium?

At 298 K, Kp for reaction:

N,O,(g) < 2NO,(g) is 0.98. Prediet whether the

reaction is spon- taneous or not.

A sampleof 1.0 mole of amonoatomicideal gasistaken
through acyclic process of expansi on,ane compression
as shown in the figure. Whatwill-be thewateof AH
for the cycle as awhole?

1

Pressure —»

Volume —3

The standard molar entropy of H,O(1)is70 JK*

mol*. Will the standard molar entropy of H,O(s) be
more, or lessthan 70 J K-*mol+*

The molar enthalpy of vaporisation of acetoneis less
than that of water. Why?

Which quantity out of A.Gand A, G°be zero at
equilibrium?

Predict the change in internal energy for an isolated
system at constant volume.

Short Answer Type Questions
1. Givereasonsfor thefollowing:

The enthalpy of neutralisation is alway constant, i.e.
57.1kJmol when astrong acid neutralises astrong base.

(ii) Neither g nor w is a state function but g + wis a state

function.

Definethefollowingterms:

(i) Enthalpy of neutralisation

(ii) Hess’s law of constant heat summation

3. Calculate the bond enthalpy of CI-Cl bon( from the

following data:

10.

12.

13.

CH,(g) — Cl,(g) —» CH,CI(I) + HCI(l);

[AH =-100.3 KJ mol 1]

Given, bond enthalpies of C—H, C—CI and H—ClI
bonds are 413, 326 and 431 kJmol- ‘respectively.
Derivetherelationship between C, and C, for anideal

gas.

Derive the relationship between isothermal anc free
expansion of anideal gas.

Given:

N,(g) +3H,(9) — 2NH;3(9);

A H° =-92.4k] mol*

What is the,stanfard-enthalpy of formation of
NH; gas?

In a process) 701 Jofheet i s absorbed by a system and
394 J of werk'is denebyithessystem. What isthe change
Imnternal enexgy for the process?

Cal cul ate'the heat of cembustion of glucose from the
follewing@ata:

C (graphite)#£0, (g) — CO,(9);
AH =%395.0 kJ mol !

1
Hz(g)+502(g) — H,0(); AH =-269.4kJ mol *

6C(graphite) + 6H,(g)+0,(g) — Ce Hllzoe(S)
glu

cose

AH =-1169.8 kJ mol *.

1m3of C,H, a STPisburntin oxygen, according to
the thermochemical reaction:

C,H,(9) +30,(9) = 2C0O,(9) + 2H,0(1);

AH =-1410kJ mol *.

Assuming 70% efficiency, determine how much of useful
heat is evolved in the reaction.

1 g of graphiteisburnt in abomb calorimeter in excess
of oxygen at 298 K and | atmospheric pressure
according to the equation:

C(graphite) +0O,(g) — CO,(9)

During the reaction, temperature rises from 298 K

to 299 K. If the heat capacity of the bomb
calorimeter is20.7 kJ/K, then what isthe enthal py
change for the above reaction at 298 K and 1 atm?
A swimmer coming out from a pool is covered with a
film of water weighing about 18 g. How much heat
must be supplied to evaporate this water at 298 K?
Calculatetheinternal energy of vaporisation at 100 °C.

AapH° for water at 373 K = 40.66kJ mol 2.
For oxidation of iron,
4Fe(s) +30,(g) — 2Fe,04(9)
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14.

15.

16.

17.

18.

19.

20.

21.

Entropy change is -549.4 JK* mol* at 298 K. Inspire
of negative entropy change of thisreaction, why isthe

reaction spontaneous? (A, H®° for this reaction is

1648x10%J mol ).
The combustion of one mole of benzene takes place at
298 K and 1 atm. After combustion CO,(g) and

H,O(l) areproduced and 3267.0kJ. of heat isliberated.
Calculate the standard enthal py of formation of benzene

AH°CO,(g) =-393 kI mol * and

AH°H,O(l) = -285.83 kJ mol *

The reaction of cyanamide, NH,CN(s), with dioxygen
was carried out in a bomb calorimeter and AU was
found to be —742.7 k mol* at 298 K. Calcul ate enthal py
change for the reaction at 298 K.

NH,CN(g) +§oz<g) 5 N,(g) +CO,(g)

+H,0() .

Calculate the number of kJ of heat necessary-to raise
the temperature of 60.0 g of auminium from 352C i0
55 °C. Molar heat capacity of At is 243"mel " K.
Calculate the enthal py change on freezifg of/2.@mole
of water at 10.0 °C to ice at —10.0 °C.

A tsH =6.03kJ o) at°C.
Cp [H,0(1)] = 75.3] mol:K™
C,[H,0(s)] =36.8 Jmol *K ™.

Enthal py of combustion of carbonto CO, is2is
—393.5 kJ mol. Calculate the heat released in the

formation of 35.2 g of CO, from carbon and dioxygen
gas.
The enthalpies of formation of CO(g) ,CO,(g),

N,O(g)and N,O,(g) are -110, -393, 81 and 9.7 kJ
mol* respectively. Find the value of A H for the the

reaction: N,O,(g)+3CO(g) — N,O(g) +3CO,(9)
Calculate the standard enthalpy of formation of

CH ;OH (I) fromthefollowing data:
3
(i) CH,OH (I)+§Oz(g) — CO,(9) + 2H,0(l);

A H°=-726kImol *.
(i) C(g) + O,(g) > CO,(9);
A H°=-393kImol *

(i) Hz(g)%oz(g)a H,0():

Calculate the enthalpy change for the process

22.
23.

24,

25.

26.

27.

28.

29.

30.

31.

CCl,(g) > C(g)+4Cl(g) and calculate bond
enthalpy of C-Cl in CCl,(g).
AvapH O(CCI4) =30.5 kJ mol 2

A{H*°(CCl,)=-1355kJ

=715.0kJ

=242 kJ

Where isenthal py of atomization.

For anisolated system, AU =0, what will be AS?
For thereaction 2Cl(g) — Cl,(9)

What are the signs af AH and AS?
The equilibrium constantfor areactionis 10. What will
be the valueof AGe?

[R=8.314 JWK A 1ol 3¢ T 2300 K]
Comment, onvthe thermaodynamic stability of NO(g),.
Given

1 1
7 (0) #50, (@) NO(9) ; A H° =90 ki mol

NO(§) + Z05(9) > NO(9); A, H® = —74kImol .
Calculate the entropy changein surroundingswhen 1.00
piol of H,O(l)is formed under standard conditions.
AH® =-286 kImol *.

Which of the following has the highest heat of
combustion out of thefollowing and why?

(i) C,Hg (ii) C,H, (iii) C,H, (iv) CH,
The heat of combustion of C,His -368.4 kcal.
Calculate heat of combustion of C,H,, heat of

combustion of h, is 68.32 kcal ol 1. AH for the
following reactionis-37.1kcal.

C,H,(9) +H,(9) > CyHe(9) -
The equilibrium constant at 25°C for the process

Co™ (ag) +6NH;(ag) < [Co(NH;),]* (aq)
25%x10%. Calculate the value of AGe at 25°C

is

(R=8314 3k mol™?)- In which direction is the

reaction spontaneous under standard conditions?
What is the value of equilibrium constant for the
following reaction at 400 K?

2NOCI (g) < 2NO(g) +Cl,(g)
AH° =775k mol *,R=8314J mo| * k-1, AS=
135 JK™! mol 2.

Calculate the standard free energy change AGe for
the reaction

2HgO(s) — 2Hg(l1) +0O,(9)
AH°=91kJ mol ! at 298 K.
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32.

35.

36.

37.

38.

39.

S° (hgoy = 720 K™ o) 1.

S°hg = 77-4IK mol * and $°p,y =205 JK* at

298 K.

A 5 litre cylinder contained 10 moles of oxygen gas at
27°C. Due to sudden leakage through the hole, al the
gas escaped into the atmosphere and the cylinder got
empty. If the atmospheric pressure was 1.0 atm,
calculate the work done by the gas.

. Calculate the temperature above which the reduction

of lead oxide in the following reaction comes
spontaneous:

PbO(s) + C(s) — Pb(s) +CO(g)
Given: [AH=108.4kJ mol™; AS= 190 JK™

mol ]

. Starting with the thermodynamic relationship

G=H -TS, derive the following relationship;

AG =-TAS,, -
Calculatethe free energy change when 1 mole of Na€l
isdissolvedinwater at 298 K. (Given lattice energy of

NaCl =-777.8kJ mo| 1, Hydration energy =-774-1LKJ
mol 1 and AS =0.043 kJ K mol *=af298/K)
Calculate A,G° for conversion of oxygen‘to ozone,

3/20,(g) - O,(g) at298K.if Ky forthisconversion

IS 247x107%.
Find out the value of equilibrium constant fo r the
following reaction at 298 K.

2NH,(g) + CO(g) < NH,CONH, (aq) + H,O(l)
Standard Gibbs energy change, A, G° at the given

temperature is — 13.6 kJ mol *.

Calculate the electron gain enthalpy of fluorine from
the data given bel ow.

A¢H®° of KF=-560.8 kJ mol . Dissociation energy
of F,is158.9 kJ mol * . Latticeenergy of K is414.2

kJmol L.

Usethefollowing thermodynamic datato calculate the
enthalpy changefor theformation of solid lithiumfluoride,

LiF(s) from Li(s) and F,(g).

Li(9)+ F(g) > LIF(9

Li(s) — Li(g); A;H°=155kImol *
ZFA(9) > F(@) AH°=T5 kg

Li(g) > Li*(g)+e; AH° =520 kJmol *

40.

4]1.

42.

&N\R B

46.

47.

49,

F(g)+e — F(g); AH°=-333kJ mal -1

Li*(g)+F (g) - LiF(s); AH°=-1012kJ mol *
Explainwiththehelp of example, the difference between
bond dissociation energy and bond energy.

Compound with carbon-carbon double bond, such as

ethylene (C,H,) and hydrogenin areactionis called
hydrogenation

C,H,(9) +30,(9) — 2C0O,(9) + 2H,0(9) ;

AH =-1401 kJ / mol

C,He(9) +%02(g) % 2C05(9) +3H,0();

AH = -1550kJ./mol

1
Hz(g)+502(g) — H,0(1);/ AH = —286.0kJ / mol

Comment on the spontaneity of areaction at constant
temperature andpressure in the following cases

(AH 0 aand/AsS™> 0
(1) AH >@sand AS <0
(iii) AH <@ and AS<0
(V)»AH >0 and AS>0

. State the third law of thermodynamics
#Explainthetermresidual entropy.

. Usethefollowing datato calculate A

He° for NaBr.
Agy,H® for sodium metal = 108.4 kJ mol

|attice

loni zation enthal py of sodium = 108.4 kJ mol *

Electron gain enthal py of bromine =-325 kJ mol .
Bond dissociation enthal py of bromine=192kJ mg|

A¢H® for NaBr(s) = -360.1kJ mol .

Given that AH =0 for mixing of two gases. Explain
whether the diffusion of these gases into each other in
aclosed container is a spontaneous process or not.
Identify the state functions and path functions out of
thefollowing:

Enthalpy, Entropy, Heat, Temperature, WoiM, Free
energy

. Expansion of agasinvacuum iscalled free expansion.

Calculate the work done and the

change in internal energy when 1 litre of ideal gas
expandsisothermally into vacuum until itstotal volume
isSlitre.

Thedifferencebetween C,, and C, can bederivedusing
the empirical relation H = U +PV, Calculate the
difference between C, and C, for 10 molesof anideal
gas.

. If the combusion of 1 g of graphite produces 20.7 kJ of
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heat, what will be the molar enthal py change? Givethe
significance of sign also.

51. Theenthalpy of vaporisationof CCl, is 30.5 kJ mol *.
Calculate the heat required for the vaporisation of 284
g of CCl,at constant pressure (Molar mass of
CCl, =1549 mol *)

Short Answer Type Questions

1. Find out whether it is possible to reduce MgO using

carbon at 298 K. If not, at what temperature it becomes
spontaneous? For reaction:

MgO(s) + C(s) — Mg(s) + CO(g)
A,H°=91.18kImol *
A, S°=197.67IK ™ mol *.

2. Cdculate A;H° of HCI if bond energy isH-H bondis

437kJ mol *, CI-Cl bond is244 kJ mol * and H-Cl is

433kJ mol .
3. Calculate bond energy of C—H bond if A_H of CH jis

-891kJ mol 1, A H of C(s) is-394 kJ mol#, A H
of H,(g) is-286 kJ mol *, heat of sublimationof C(s)
is 717 kJ mol *, heat of dissoCiationsof” K, i$ 436

kJmol L.

4. Calculate the standard Gihbs-energy change#or'the
formation of propane at 298°K.

3C(graphite) + 4H,(g) — C;H(Q)
A¢H?® for propane, C,H4(g) =270.2J K™ mol 1,
and S°_(graphite) =5.70JK * mpl* and

S°,H,(9)=130.7JK *mol *.
5. What is meant by entropy? Predict the sign of
entropy changein each of thefollowing

(i) H, (at 298K, 1am) — H, (at 298 K, 10 atm)
(i) H,O (at298 K ,1am) —» H,O

(at 330K, 1 atm)

(iii) 2NH 4;NO,(s) — 2N, (g) + 4H,0(g) +0,(9)
(iv) Crystallization of copper sulphate fromits
saturated solution

(V) 280,(9) + 0,(9) < 230;(9)-

6. (i) classify the following processesas reversible or
irreversible:
(a) Dissolution of sodium chloride
(b) Evaporation of water at 373K and 1 atm pressure
(c) Mixing of two gasesby diffusion
(d) Méelting of ice without risein temperature .

7. State the law of thermodynamics that was first
formulated by Nernst in 1906. What isthe utility of this

10

11.

12.

Iaw’?TheequiIibrium constant for thereaction A« B
IS 1.8x107 a 298K. Calculate the value of AGefor

the reaction [R=8.314JK™* mol *]. Predict the

feasibility of the reaction under standard states.
Why is entropy of a substance taken as zero at OK?
Calculate the standard Gibbs free energy change for

the reaction N,(g)+3H,(g) < 2NH,(g) at 298 K.
Thevalueof equilibrium constant for the abovereaction
is 6.6x10°. [R=8.314 JK *mol ].

How is the third law of thermodynamics useful in

calculation of the absolute entropies? Cal culate thevalue
of ASe for the follewingreaction at 400K :

2NOCI (9)%>22NO(g)+ Cl,(9)
If the vial ueoféguitiaritim constant for the reaction at
400 K is/495810 2 ‘and/AH° = -77.2 kIimol 1.

(R= 8314 JK Ymol
Explain gheytem Standard molar free energy of
formetion, of /a_eompound. Calculate the equilibrium
constant for the reaction :

230, (g)+0,(9) < 280;(9g) at 25°C.
Given A;G°30;(g9) =-371.1 kI mol ¢,

A;G°S0,(g) = —300.2kJ mol *,

R=8.31 JK ‘mol *.

(i) Using the data given below, calculate the value of
equilibrium constant for thereaction at 298K.

3CH =CH(g) < CgHg(9)

Assuming ideal gasbehaviour.

A¢G° [HC =CH(g)] = 2.09x10° J mol *
A{G[CsH(9)] =1.24x10° I mol 7,

R=8.314 J K™ mol *.

(ii) Based on your calculated value, comment whether
this process

(i) State Hess’s law of constant heat summation.

How doesit follow fromthefirst law of thermodynamics.

(ii) Determine A, H°, at 298K for reaction C(graphite)

+2H,(g) >CH,(9); A,H°="?

You aregiven:

(&) C(graphite) +O,(g) - CO,(9); A H° =-
393.51 kJmol.

(b) Hz(g)%oz(g)aHzoa);

A, H°=-2858k]/mol .
(c) CO,(g)+2H,0(I) - CH 4(9) + 20,(9) ;
A, H =+890.3kJ / mol
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13. (1) Detinethetollowing

o __ _ -1 .
(a) First law of thermodynamics é'r He° =-72.8kJ mol
(b) Standard enthal py of formation. (ii) Calculate the standard enthal py change

(ii) Standard hest of formation of hydrazine [N,H , (1)], (A H)and standard internal energy change
hydrogen peroxide [H,0,(1) and water [H,0(1)] are (A,U°) for thefollowing reaction at 300K:

-50.4,-193.2 and -242.7 kJ/mol e respectively. Calculate OF,(g) + H,0(g) —» O,(g) + 2HF (g) . Standrd
the standard heat of formation for the following reaction.

N,H,(I)+2H,0(I) - N,(g)+4H,0(l)

enthalpy of formation (A ; H°) of various speciesare

given below:
14. Calculatethelattice enthalpy of MgBr, , given that A¢H® Ik mol 1 OF,(g) =23.0,
Enthalpy of formation of MgBr, =-524kJ mol *. H,0 (g) = -241.8, HF (g) = —268.6,
. . — ,l
Sublimation energy of Mg =148 kJ mol R=8314JK ™ bl %
lonization energy of Mg = 2187 kI mol 4. (i) State thefirst faw of shermodynamics. Hesat(q) and
o N work done (W) individual Lyare not state function.
Vaporization energy of Br, (1) =31 kJ mol Explainwhy
Dissociation energy of Br,(g) =193 kJ mol (ii) Used thebondenthalpi eslisted bel ow to
detesmirie the enthalpy,ef reaction.
Electron gain enthalpy of Br(g) =331 kJ mol * fa
15. Although heat is a path function but heat absorbedsby f
the system under certain specific conditions\is™ H—C —H(g) + 20=0(g) —>
independent of path. What are those conditions? Explaif |
Long Answer Type Questions H
0 Sééte Hisisf law. etallonirb _ Bond enthalpy (AH®°)/kJ mol “of C =0 =741; C-H
t((lalr)nrs!ve abrief note on the following theririadynamic £ 414: H-O = 464:
i |
(a) Standard enthalpy of gémbustion O -0 = 498- o
(b) Standard enthal py of faf mation 5. (i) Def! ne 'enthal py of negtrahzaﬂon. The gnthal py of
(ii) For the reaction: \r;vetj]tr’?l ization of strong acid and strong baseis constant.
&
2A(9)+B(g) > 2D(9) (if) What is the basis of Hess’s law?
AU°=-10.5kJand (iii) For agaeous reaction
AS*=-44.1 JK™ mol? 2A,(9) +5B,(g) — 2A,B5(9) — 2A,B;(g) &
Calculate AGe for thereaction and predict whether the 27 °C, the heat change at constant pressureis found
reaction may occur spontaneously. to be -50.16 kJ. Calculate the value of internal
2. (i) For the reaction at 298K; 2A+B — C;AH =400 energy change (AU) .
kJ mol * and AS=0.2 kJ mol 1K L. Given: R=8.314 JK *mol *.
At what temperature will the reaction becomes |6. (i) Derivethe mathematical expression for first law of
spontaneous considering AH and AS to be constant thermodynamics.
over the temperature range. (ii) g and w are not state function but their sumis state
(ii) State thefirst law of thermodynamics. function. Why?
(iii) Give one point to differentiate the following (iii) Calculatethe A, H° for thereaction

thermodynamic terms
(a) Extensivepropertiesand intensive properties H,(9)+Br,(g) > ?HBF(Q)
(b) Isothermal process and isobaric process. Bond enthalpy are given as,
3. (i) Define standard enthal py of formation. Explain why H-H =436 kImol ' Br — Br =192 kJ mol * and
the enthal py changes for the reaction given below are

not enthal pies of formation of CaCO, and HBr.

(a) CaO(s)+CO,(g) > CaCO,(s); A,H°=-178.3
kJ mol

(b) H,(g) + Br,(g) — 2HBr (g);

H — Br =368 kJ mol| *
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Value Based Questions

1. Fuel is a substance which produces energy in the form

that can be used for practical purposes. Most of the

energy our body needs, comesfrom carbohydrates and
fats. The fuel value of food can be measured by
calorimeter. The average energy of fat is 38 kJ/g.

Proteins are essential for growth and maintenance of

the body. Mrs. Sarin uses pure ghee at home and her

family members do not walk or do exercisethat iswhy
her family members are overweight.

Fromwhich of the following, we get more energy; fats

or carbohydrates?

(i) How muchfatispresentinfull cream milk?

(iii) What isthe major source of fats?

(iv) Isjunk food, good for health? Give reason.

(v) Arefruitsand vegetables good for health? Givereason.

(vi) What should Mrs. Sarin do to keep her family healthy?

2. Wood hascaorificvalue 18 kJ/g, coal has32 kJ/g, natura
gas has 49 kJ/g and hydrogen has 142 kJ/g. One
promising way to utilize our coal reservoirsis, to use
them to produce a mixture of gaseous hydrocarbens
called synthesis gas which consist of CH,, H, and CO;
all of which have high calorific value. In Kagli vill age;
al people are using LPG whereas in Malasiawas all
people use cowdung cakes and wood asftiel

(i) What isthe advantage of synthesis gas avéer coal?

(i) Why does synthesis gas producell ess pollution?

(iii) How can synthesis gas he'Stipplied?

(iv) Which is better fuel out of{CH, Hgand,CO?

(v) Why is H,the best fuel?

(vi) Why should villagers prefer LPG than weod?

3. Fossil fuels also contain compounds of sulphur and
nitrogen. During combustion, these compounds are
oxidised to form oxides of sulphur and nitrogen which
are corrosive and poisonous. During rain, these oxides
dissolveinwater and areknown to cause acid rain which
damages marble of buildings and crops. A method for
control of SO, from power plants, waste gases, currently
being used in Japan isto passthe fuel gases over MgO
at about 425 K.

MgO(s) + SO, (g)—"—> MgSO;(s)

(i) What happenswhen SO, is passed through MgO at 425
K?

(i) How can we get SO, from MgSO,?

(iii) How can we use SO,?

(iv) How can we convert oxides of nitrogen to nitric acid?

(v) What isthe most important use of sulphuric acid?

(vi) What value is possessed by scientists of Japan?

4. Vehicleson roads areincreasing day-by-day. Emission
levels of gases are very high which are leading to
respiratory diseases. CNG and LPG are being used
instead of diesel.

(i) What aretechnological optionsfor reduction of harmful
emissions?

(i) HasCNGin placeof diesel reduced pollutionin Delhi?

(i)

Should it be adopted in other states also?

(i) Which is better -CNG or LPG? Why?

(iv) Diesel vehiclesshould betaxed to more extent. Do you
agree? Give reason.

(v) Are electric cars better than CNG? Why?

5. Biogas technology being promoted to harness the fuel
value of cattle dung, human waste and other non-woody
organic wasteswithout destroying their manurial value.
When organic materials decompose in absence of air,
biogasisproduced. Okhlavillagein Delhi isusinghbiogas
plant for disposal of waste and use biogas asfuel.

(i) Why isbiogas clean and efficient fuel ?

(i) What isthe major gas present in biogas?

(ilf) What is the use of biogas?

(iv) What is the use of residueleft in biogas plant?

(v) Should government help.in installing biogas plantsin
villages?

(vi) What @are‘thewdlues, associated with people using
biogas?

*kkk*k

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186

[8]

Facebook page: chemistry_classeswith Sir Ajay Behl

Youtube Channel: chemistry withAjay Behl Sir



Thermodynamics

AJAY BEHL ACADEMY OF CHEMISTRY

Facebook page: chemistry classeswith Sir Ajay Behl

Youtube Channel: chemistry withAjay Behl Sir

Solutions
1. AU=-qg+w
AU =-120+430
AU =310J

2. ASei.e entropy decreases during the reaction. Hence,
thesignof ASe will be negativein the given reaction.
3. Extensive property: Volume, Enthalpy.
Intensive property: Temperature, Molar heat capacity.
4. AH (Enthalpy change) and AU (Internal energy
change) are state functions as they depend upon initial
and final state and not on the path.

5. Ny(9)+0,(9) - 2NO(9)

It is endothermic aswell as spontaneous.
6. (i) Isobaric process: Inthis process, pressure remains
constant i.e Ap=0
Isothermal process: In this process, tempera-ture
remainsconstanti.e. AT =0

7. Bond energy is the amount of energy released when
bonds are formed between isolated atoms in gaseOus

(if)

enthal py of atomisation becauseit may alsoe defined
as the amount of energy required to dissogiate bonds
present between the atoms of | mole”of Ja.gaseous
mol eculeinto constituting atoms;

8. (i) Intensive properties:

The properties which degénd.only,en the nature of the
substance and not on the amount of the,substance’are
called intensive properties, eg. densitys

(ii) Adiabatic process:

A process during which no heat flows between the
system and the surroundings is called an adiabatic
process, i.e. q = 0.

9. (i) Entropy will increase on increasing the temperature
since the particles of solid move with greater speed at
higher temperature. At 0 K, there is perfect order of
the constituent particles, entropy is minimum, tendsto
zero.

(i) H(9)-—2H(9)
Entropy will increase because the number of particles
of product are double than that of reactant.

10. The entropy of a perfectly crystalline solid is zero at
absolute zero temperaturei.e.,, 0K or -273.15°C.

11. Pressureisnot a state function.

12 C(9)+30,(6) > CO(9)

13. H,(9) +15(9) — 2HI(g)

Since An=0, ..AH =AU
14. Surfacetension and density areintensive properties
15. Yes. In adiabatic process, AH =0

16. (i) If work is done on the system, internal energy will
increase.

(ii) If work is done by the system, internal energy will

stateto form one mol e of gaseous molecule. Itiscalled )

decrease.

3
17.U = 3 RT for monoatomic gas.

18. Volumeisdecreasing, therefore, work isdonethe system.
19. It cannot tell usthe direction of the process.

20. () Volume is an extensive property

21. (d) g isnot a state function.

22.(d) C(graphite) +%Oz(g) — CO(g);AH°CO(9) =X
(i) C(graphite) +0O,(g) — CO,(9);A.H°C(graphite) = y

(i) CO(g) +2.0,(9) 5, 8Q,()/A.H°CO(g) = y - X

Subtracting(ii)from () gWe get
L
C(graphife) +§Oz(g) >CO(Q) AH =y—(y-X)

Therefore A H°CO(g)=A H °(graphite) — A H°CO(g)
28, (W.AH =AW, becaste An =0

(i) AH AU bécasue An=1[[AH =AU + AnRT]
24. (i) Exehanging heat with the surroundings.
(ifyMVork dore on the system or by the system
25. MosOf the processes are carried out in open container,

I#€, at constant pressure. Therefore enthalpy changes
areindicated and not internal energy changes.

I
26. When An=0, AH = AU

27. (ii) N,+0O, - 2NO(g)-Y kJ is an endothermic
process as heat is being absorbed.
28. AH =-2x57.1=-114.2kJ]

890
29. Caorificvaluekg = 6 %1000 = 55625 kJ / kg

30. It isan exothermic reaction because heat isbeing evol ved.

31. (i) Height of ahill.

32. The sign of work done will be +ve, i.e. work will be
done on the system due to decrease in volume.

33. AG = 0at equilibrium.

34. AG° =0(Given)
AG° =0 AG°=-2.303RT logK =0 =logK =0
=logK =logl=K =1

35. NH,NO, dissolves in water spontaneously even when
thisprocessisendothermic because entropy increasing
dueto free movement of ionson dissolving. AS = +ve
favours the process and makes it spontaneous.

36. AS must be positive.

37. Real crystal has more entropy because it has more
disorderness.

AH fusion
melting pointin kelvin

38. ASfus‘ on —

39. The disorder increases when two gases are mixed
together, that iswhy entropy increases.
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40. 0 kelvin
41. Entropy increases with increase in temperature.

42. AG°=-2.303RT logK

43. H,O(l)at 350 K haslarger absolute entropy per mole.

(ii) NO at 298 K has greater entropy.

44. AS=+ve because it is endothermic process and
spontaneous.

45. (i) When sugar dissolvesin water, entropy increases.

(ii) Hard boiled egg has more entropy because denatured
protein hasrandom cail structure.

46. Mg? has more entropy before hydration of ions.

47. (b) 298 K

48. (d) AG <0 isawaystrue for spontaneous process.

49. (ii) At higher pressure N,(g) will have less entropy, i.e.
AS will be —ve.

50. Insolution, thereismoredisordernessthanin pureliquid.

51. (ii) Whose valueisindependent of path

52.(iii) AP=0 53. (ii) zero
54. CH,(g)+20,(g) > CO,(g)+2H,0(l)
(@iii) <AU®° ~~An=-2
55. (i) -74.8 kImol*
56. (iv) Possible at all temperatures.
57. (i) g=-w=p,,(10-2) =0x8=0
(i) g=-wW= pg (10— 2) =1x8=8litre;afm

(i) g=-w=2.303x10x Iog%

=2.303x10x0.6990=16.1 litre atm

It states “The entropy of universe iscontinuously
increasing due to spontaneous processes taking place

init ASys +ASy,; >0= AS,, >0

When AH is-veand AS is+ve, then AG will be -ve
and process will always be spontaneous as
AG=AH -TAS.

. When AH >0 and AS< 0, then AG will be+veat al

temperatures, therefore, processs will never be
spontaneous.

AH =2x40.79 =81.58kJ

58.

59.

62.

A pH®=40.79kJ mol

No, because CaCO,(s) isbeing formed from compounds
and not constituting elements.

63.

69.

70.
71.

72.

73.

74.

75

(i)

(if)

e

A,G°=-2.303RT log K,

Since K, is +ve, AGewill be —ve, therefore, reaction
will be spontaneous.

AH = ofor cyclic process.

It will be less because ice is less ordered than liquid
water.

It is because acetone has weak van der Waals’ forces
of attraction whereas water molecules have strong H-

bonding, therefore, A,,,H° of water ismore.
A, G will alwaysbe zero at equilibrium.
A,G° will be zeroonly if K=1.

A,G° =-2.303RT logK

It will be-pon¢zere for Gthemval ues of K.

For isolated system, §=0, w=0

AU =q+W50+0=0

WAYED

(Nglt Tsbecause strong acid and strong base are
compl etely.ionised in aqueous solution.

AU =g+ w
SineeAU isastatefunction and it isequa toq+w

whith isstatefunction, because AU dependsuponinitia
and final states and not on path.

. () Enthalpy of Neutralisation: Itisdefined asentha py

change (heat evolved) when 1 mole of H* from acid
combineswith 1 moleof OH ~ frombaseto form water.

Hess’s law of constant heat summation: It states
that total enthal py of reaction remainsthe same whether
the reaction takes place in one step or several steps.
| |
H—%—H(g) + CI—Cl(g) — H—C—Cl(g)
" }
+ H—Cl(g)

AH =-100.3 kJmol*
Enthalpy of reaction = Bond energy of reactants
- Bond energy of products

AH =[4xB.E.(C—H)+B.E.(Cl -Cl) -
[3x BE(C—H)+BE(C-Cl)+BE(H-Cl)]
AH =B.E.(C-H)+B.E.(Cl -Cl)- B.E(C~Cl)
~BE(H-Cl)

64. AH =+45.90x2=91.8kJ —-100.3=413+ B.E.(Cl - Cl) - 326 - 431
65. A, H =AH, +AH,+AH,+.. or B.E. (CI-Cl) =-100.3+ 326 +431
' ' ' ' or B.E. (CI-Cl) = 243.7 kJ mol*
1665
66. Bond energy of C-Hbond = T ==416.25kJ mol -1 78. At constant volume
de
C = (—J for an ideal as
67. AS:AHrev:qr_ev dT v 9
T T
68. Yes, thetemperature of systemand surrounding will be C. = [d_Hj .
samewhen they arein thermal equilibrium. Poldr P for an idedl gas
58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186 [10]
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79.

80.

81.
82.

H=E+PV=E+RT

dH dE

dT dT

=Cp=C, +R =Cp=C, =R

Work doneisisothermd reversibleexpansion of anideal
gas.

w=-2.303nRT log Ve =-2.303 nRT IogE
Vl P2

In free expansion of an ideal gas w=0 because ideal
gas have negligible force of attraction, therefore, work
doneiszeroinfreeexpans on becasue no external force
isacting.
w=-PAV Pee=0 w=0
A H =-46.2k] mol
AU =q—-w=701-394=307J
CeH1,04(8) +60,(g) — 6CO,(g) + 6H,0(9)

AH =?
C(graphite) + O,(g) —» CO,(9)

AH =-395.0 kJ mol ! )

H,(0) +50.(9) > H,0();

AH =-249.4 kJ mol * ()
6C(graphite) + 6H,(g) +30,(g) »EgHLO4(S)
AH =-1169.8 kJ mol *
Multiplying equaitons (i) and (ii) each by 6 and reversing
(iii), we get

6C(graphite) + 6CO,(g) — 6CO,(9);

AH = —2370kJ iV
6H,(9g) +30,(g) — 6H,0(1);
AH =-1616.4kJ (V)

C¢H1,04(s) = 6C(graphite) + 6H,(g) + 30,(9)
= A H (C¢H,,04) = —2370.0-1616.4 +1169.8
=-2816.6 kJ mol *

. CO,(9) +H,(9) - CO(g) + H,0O(9)

AH = zAf H(productS) - ZAf H(rea:tants)

=A¢H°CO(g) +AH°H,0(g) - A H°CO,(g)

—AHH,(9)

-110.5-241.8 - (-393.8) -0
-352.3 393.8=41.5 kJ

84. 1m

85.

86.

87.

88.

=1000L

Since 22.4 L of C,H, at STP produces 1410 kJ of
energy.

1410
1000 L of C,H, at STP produces 224 %1000

(if efficiency ileO%)

_ 1410 <1000
T 224

100
=44.02x10°% kJ

q=-C, x AT = —207¢KJJ K(299 - 298K)
g=-20.7kJ

AH foreombustion of thedg of carbon =-20.7 kJ
AH fer” combdstiontof 1 mole= 12g carbon

2(17 %12 2-2.48x10%kJ mol *

(|f efficiency is 70%)

18dlof H,0 (liqlid) —veecristion 784 H,O (vapour)

ApH ° for M,0 = 40.66kJ mol *

189

ZW =1 mole

No..of molesin 18g of water

1 mole of H,O needs 50.66 kJ of energy for
vaporisation

AvapH° = AU ° + ANRT
AvagU ® = A g H® — ANRT

=40.66-1x8.314x10°x 373
=37.56 kmol+*

4Fe(s) +30,(g) — 2Fe,054(s)
A H° —(-1648x10°J mol ™)
AS surr — =
T 298K
AS ,, =5530 J K 'mol !
AS  =-549.4 JK mol

A, Sy =5530-549.4=4980.6 JK *mol *

Since A, S, 1S*Ve, therefore, reaction isspontaneous.

Combustion of 1 moleof benzenetakes placeasfollows:
CeH (I)+ O ,(9) = 6CO,(g) +3H,0(l)

A H°=-3267.0kJmol *
AHO=A_H°

- Z [Af H °(products)]— Z [Af H °(reactants)]

or - 3267.0 kamol *
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=§[A,H°CO,(9)] +JA¢HH,O()] -1A;HCgHg(1)]
—1—25[Af H°0,(g)] - 3267 kJ mol

=(6)(~393.5 kJ mol ™)+ (3)(—285.83kJ mol 1)
—(D[A;H°C,H ()] -0

or A;H°CH (1)

=[6(-393.5) + 3(—285.83) + 3267] kJ mol *
=[-2361.0-857.49+3267.0] kJ mol *
=48.51kJ mol *

89. NH,CN(9) +goz(g) — N,(g) +CO,(g) + H,0()

AN =1+1—§ =l

2 2
AU =-742.7 kJ mol *
AH = AU + AnRT

1 5 8.314x 298

=-742.7kJ mol t+= kJ mol %
2 100

=-742.7kJ mol * +%x 2.477k3 mol 2

=-741.4615 kJ mol *

90. g=CcxmxAT
=cxmx (T, -T,)
:60xﬁx(55—35)=60><ﬁ><20\3

27 27
28800 2838

= = =1.066 kJ
27x1000 27

91. Total AH
=(1moleof H,O at 10°C — 1 moleof H,O at 0°C
+(1 moleof at g°C — 1moleof iceat Q°C
+ (1 moleof iceat 0°C — 1moleof iceat —10°C

=C,[H,0()] X AT + AH feging + C,[H,O(S)] x AT
=753 3K mol *x10K + (-6.03 kJ mol )
+(36.8J K™ mol %) x (-10K)

=753 J mol * -6.03kJ mol *-368 Jmol *

=-5.645 kJ mol
92. 44g of CO, liberates 393.5 kJ of heat.

393.5
35.2g of CO, will liberate 2 x35.2
= 314.8 kJ = 315 kJ of heat

93.

94.

95.

96.

97.

98.

99.

100. A¢S°=

N,0,(g) +3CO(g) - N,0(g) +3CO,(9)
AH=AH° ~A(H°

products reactants

= A, H°(N,0)+3A,H°(CO,) - A, H*(N,O,)
~3A,H°(CO)

=81+3x-393-9.7-3 (~110)

=81-1179-9.7+330=—777.7k) = 778 kJ

1
C(g) +2H,(9) +50,(9) > CHOH (1)
Adding eg. (ii) and€(iii) and substracting (i), we get
above equation,
A¢H°(CH4OH,) % —393#2 x —286 — (—726)

A ; H(CHOM) ==893.£ 5724 726

AH °(CH,0H ) = £9655 726 = —239mol *
Cer, (1) »€Cl,(9)A¢,H° =30.5k] mol

A opH ° =B CCl, (9)] - A H°=305kJ mol
30.5="AfH°[CCl,(g)] - (-135.5)

A¢H[CCl,(g)] =30.5-135.5=—105k] mol *

=715+ 2x 242 — (-105)
=715+ 484 + 105 =1304kJ

Be g = % =326 kJ mol

AS will be greatr than zero becauseinisolated system
if two gases are alowed to mix. AU = Qbut entropy
will increasei.e., AS will be greater than zero.
2CI(g) — Cl,(9)

AH =—-ve,AS=-ve

Because the reaction involves formation of bond

therefore, it isexothermic, 2 molesof atoms have more
randomness than 1 mole of molecule.

S AS=-ve

A,G°=-2.303RT log K

A,G° =-2.303x 8.314x 300l0g 10
=-19.147x300x 1= -5744.1]
A,G° =-5.7441kJ mol !

NO is not thermodynamically stable because its
formation is an endothermic process whereas its

oxidationto NO, isan exothermic process, therefore,
NO, isthermodynamically stable.

A¢H®  —286kImol
T 298K
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_ -1
_ = 2860009 mal ©_ _g5g7 5K ol
298K
AS°.  =+959.7 J K 1mol*

surr

101. (ii) C,H4(g) will have highest heat of combustion

because it has highest molecular weight and second
highest calorific value

AH_ =calorificvalueinkJ/g x Mol. wt.
=52x30=1560 kJ /mol
102. C,H,(g) + H,(g) - C,H,(g)AH =—37.1kcal
AH C,H,=-3684kecal, A.H C,H,="?
AH H,(g) = -68.32keal
AH =" A H (reactants)— > A H (products)
AH =AHC,H, +AH H,(g)-A.HC,H,(9)
-37.1kca =A_H C,H, —68.32—(-368.4)
A H C,H, =337.18kcal
103. AG° =-2.303 RTlog K
=-2.303x8.314x 298 log 2.5x10°
—5705.80.3980 -+ 6.0000]

= -5705.8x 6.3980 = —36.505"%J,mol.#*

The reaction is spontaneous i forivard rei€tionunder
standard conditions.

104.AG = AH - TAS
AG = 77.5%1000J — 400K x135J K *
= 77500J —54000J = 23500J
AG = -2.303RT logK
23500J = —2.303x 8.314x 400K log K

_ -2300 _ -235
19.147x 400K ~ 76.588

=-3.068+1-1=4.932
K =4.932, Antilog—g551x10*
105. AS=28°g) + S°(0,) — 2S° (o)

logK

=(2x77.4+205-2x72.0) JK* mol *
=(154.8+205-144.0)J K mol *

=(359.8-144.0)=215.8J K *mol *
A,G°=AH°-TA, S°

106. W = PAV =1.0x5=5litre atm

=5x101.3J mol !
W =10x5x101.3 J =50x101.3J
=5065.3J W = 5.0653 kJ

107. AG=AH -TAS
Atequilibrium AG=0= AH =TAS

_ AH 108.4x1000J mol *
AS 190 JK'mol ™

T =570.526 K
The reaction will become spontaneous above 570.52K
because AG is equal“toZero at this temperature and

above thistemperature; A will become -ve.
108.G = H~7S,6,£H1, - TS/ [Gy=H, - TS,

G,f- G, 2 H7 - Hy (S, =8)

AGS H] - H s T(S,5)

AG =AH=IAS

=T

q

I ASyg = ASWS FAS = ASyy =ASs = T

surr
= JAS . = TAS% -Q= TASSJS - AH

TASotal = AG = AG = _TASOtal
1 209. AH = Hydration energy - L attice energy

AH =-774.1kImol? - (-777.8 kI mol?)
=3.7kImol

AG =AH -TAS=+3.7-298x0.043
=+3.7-12.81

AG =-9.11kJ mol ¢
110.A,G° =-2.303RT logK

=-2.303x8.314 J K "t mol " x 298K
x1092.47x107%°
=163228J mol 1 =163 kJ mol *

A,G°

logK =———
1. 709 2.303RT

_ —13.6x1000J mol *  13.6x1000
2.303x8.314x298 57058

logK =+2.38

K=antilog 2.38 = 2.4x10?
112.EGE=A;H-S-1/2D-1.E.-U

E.G.E=-560.8—-87.8—-1/2x158.9

., 298x21538 §
=91k mol - == ==k mol dfs _414.2- (~807.5)
_ (91-64.3)k] mol = 26.69 kJ mol - E.GE. =-1142.25+807.5 = - 334.75 kJ mol *
1M3.AfH=AH°+A H + A/ H°+ Ag ) HO + A e H °
58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186 [13]
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=155+75+520-333-1012
=750 -1345 = - 595 kJ mol 2

114. Bond dissociation energy isenergy required to break 1
mole of bonds.

eg., H—H(g) > 2H(g);AH =436 kJ mol *
Bond energy is energy released when 1 mole of bonds
are formed.

eg., 2H — H,(g); AH =436 kJ mol *
In diatomic mol ecule, both bond dissociation energy and
bond energy are equal in magnitude but oppositeinsign.

115. AH = AH (reactants) - AH . (products)
=AH (C,H,) +AH (H,) —AH (C,Hy)

- 1401 -286 - (-1550)

- 1401- 286 + 1550 = - 1687 +1550

=-137 kJmol *

116.(1) AH <0 and AS>0; AG will be -ve and process
will always be spontaneous.
(i) AH >0and AS<0; AG will be +ve and4arocess
will never be spontaneous.
(iii) AH <0 and AS<0; AG will be-ve, IfeAH <X TAS
and process will be spontaneous at |6w temperature.
(iv) ot will begtvel, if
TAS > AH and the process witl, be spontaneotsiat hrgh
temperature.

117.1t states “The entropy of perfectly crystalline sdsbtance
iszero at absolute zero temperature. We'Can determine
absolute entropy of various substances at any other
temperature except at zero kelvin.

118.Residual entropy: Mostly entropy of perfectly crystaline
substance is zero at OK. There are certain substances
which possess some entropy even at absolute zeroii.e.,

at zerokelvin. Thisentropy isknown asresidual entropy,
e.g., in case of CO, the measured residual entropy is

p AV

5J K mol . It is due to some disorder which is also
called frozen disorder.

119. A, H(NaBr) = AH_,[Na(s)] + AH,, [Na(g)]

+AgeegonH +%(BBr —Br)+ A +H’

1
-360.1= 108.4+ 496 - 325 + ¥ 192+ A gycoH °(NaBr)

AiceH °(~360.1-108.4 — 496 + 325 — 96) kJ mol

=-1060.5+325=-735.5kJ mol *
120. It is spontaneously process because entropy or
disorder isincreasing

AG=AH -TAS
therefore, processis spontaneous.

AH =0,AS=+ve

AG = —ve,
121.State function: Enthalpy, Entropy, Temperature, Free
Energy.

Path functions: Heat, work

122. —w= pey (V, —V,)
w=0x(5-1) (invacuum p,, =0)
w=0
For isothermal expansion,q=0
g=AU +(—w)
=0=AU+0=AU =0

123. C, -C, =nR=10x8.314 =83.14J

124. Molar enthalpyehange’= Enthalpy change for 1 g x
Molar mass,

=204 kdx12
= 2484 =" 484107 kJ piol *
125.6¢), (I CCl,(g)» &M =30.5kI mol *
Méoler mass of Cel, =12+ 4x35.5
=12+142=154g mol *
Heat required for vaporisation of 284g of CCl,

=No. of molesx A, ,H®

=&x30.5= 2x30.5=61kJ mol *
154

126. A,G°=A,H°-TA,S°

298K x197.67
1000

=91.18 kamol-58.91 kJ mol* = 32.27 mol*

Since AG istve, therefore, carbon cannot reduce MgO.

A,GP=AH°-TA,S°

=91.18 kJmol* — kJ K'mol ™

0=91.18 kImol* —T x 137'%7 kJ Ktmol?

T _91.18x1000 _ 91180

= =461.27K
197.67 197.67

1 1
127. 5 H,(9)+ 5 Cl5(9) > HCl(9)

o1 1
A¢H :EBH—H +EBCI—CI —By_a

_ 137+ 004433
2 2

=218.5+122- 433
=-925kJ mol *

128.CH,(g) + 20,(g) — CO,(g) + 2H,0(1)
AH =-891kJ mol * (i)

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186
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C(s) +0,(g) = CO,(9)
AH =-286 kJ mol *
C(s) > C(9)

AH =+ 717 kJ mol *

H,(g9) = 2H(9)
AH =+ 436 kJ mol *

Target equationis |
H—C—H—C(g) + 4H(g)

|
H

Reversing (ii), multiplying (iii) by 2 and reversing and
multiplying (v) by 2 and then adding all together we get:
CH, —>C(g)+4H(9)

AH =-891+394+ 572+ 717 + 872

= AH =1664 kJ

Now, energy required to break 4 C-H bond = 1664 kJ
Therefore, energy required to break 1C-H bond

_ 1664

(V)

=416kJ mol *

129. 3C g apnite) + 4H2(9) > C3Hg(0)
A,$°=)" S, (products) - S, (reactants)

A, S =S [C5Hg(9)] - 3S° i€ (Or aphite)] =AS° [H 4
=(270.2-3x5.70- 4x130.7)J K¥mol 3}
=(270.2-17.10-522.80) J K 'mol *

=(270.2-539.90) = -269.7J K 'mol *
A HO=A H° —AH°

products reactants

A H®=A{H®(C3Hg) —4AHTH,(9)]

—3A; H° [C(graphite)]
A,H°=-103.8kJ mol *
A,G°=A H°-TA,S°
298x (—269.7)

1000
= (-103.80 +80.370)

kJ mol * =-23.43kJ mol *
130.Entropy is defined as the degree of randomness or

= (— 103.8— jk\] mol *

disorder

(i) AS=-ve (i) AS=+ve
(ili) AS=+ve (iv) AS=-ve
(V)AS=-ve

131.(i) () Reversible
(c) Irreversible
(i) Itisbecasue nowork is done.

(b) Irreversible
(d) Reversible

TW=—Pge XAV =0xAV =0
AU =qg+w

g =0 because gas chamber isinsulated.
. AU =0+0=0.

132. According to Nernst, at absol ute zero, the entropy of a
perfectly crystalline substance is taken as zero at zero
kelvin. This is also known as third law of
thermodynamics.

It helps us to calculate the absolute entropies of pure
substances at diffegent tepperatures.

K =1.8x10/7 T 298K, AG° = 2,

R = 8.3140JKs M rola!
AG’ = -2:303RTlogK

AG*=%2,303%8.314%¢298 10g1.8x 10’
< 4191147 x 29810g1.8x 10’
=-5705.910d1.8+ 10910 ']

— —5705/8x[0.2552 — 7.0000]

£ 5705.8x —6.7448 = +38484.47 J

=38.484 kJ mol *

Since AGe° is+ve, therefore, reactionisnot feasible at
thistemeprature, i.e., reaction is non-spontaneous.
133. The entropy of all substances at absolute zero (0K) is
taken as zero because of complete order in the system,
i.e., the atoms or molecule do not move at al in the

perfectly crystalline state.

AG® =-2.303RT logK
=-2.303x8.314J K *mol * x 298K 10g6.6x10°
=-19.147 J x 298l0g6.6 x10°

=-5705.910g6.6 +10g10°]
=-5705.8/0.8195 + 5.0000]
=-5705.8x5.8195J = —33204.903 J

AG® =-33.205kJ mol *
134.AS=S5; - §
where S; is entropy at temperature T K. But from
third law, S, =0 where S, isentropy at 0K
S =AS

If we measure the energy required to raise the
temperature of a crystalline substance from K to 298

K, we can determine entropy change. The entropy S;
at 298K iscalled absol ute entropy.
AG°® =-2.303RT logK

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186
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=-2.303x8.314 J K 'mol * x 400K log 1.958x10~*
= (—19.147 x 40010g1.958x10™*)J mol *
=[-7658.8x (1og1.958+10g10™*)J mol *
=[-7658.8x (0.2917 — 4.0000)]J mol *

AG° =—7658.8x —3.7183=+28477.72 J mol *
=28.48 kJ mol *

AG® = AH®—TAS®

28.48 kJ mol ' = 77.20kJ mol * — 400 AS®

—400 AS° =-48.73kJ mol *

_ 48.73x1000Jmol *  487.3
400K 4

=121.82 JK 1 mol !

135. Standard free energy of formation of compound is
defined as free energy change when a compound is
formed from its constituting elements at 298K anl
atm pressure.

280,(9) +0,(9) < 2304(9)

AS°

AG® =) AG°(products)- Y A G*(reactarits)

=2AG°(80;) - 24 G(S0y),- A(G2(Q,)
=2x(-371.1) — 2% (-300.2y<0
=-742.2+600.4=-141.8

AG® =-2.303RT logK

—141.8x1000J = —2.303x 8.314 x 298log K

~ 1,41800
5705.8

logK =24.8519= K =7.114x10*

136.(1) AG®=A ;G [C,H¢(9)] —3AG[CH =CH(9)]
=1.24x10°J mol 1 -3x2.09x10°J mol !
=1.24x10°J mol 1 - 6.27x10°J mol *

=-5.03x10°J mol ¢
AG° =-2.303 RT logK

—5.03x10° = -2.303x 8.314 x 298log K
= +88.1559
= K =1.432x10%

(i)

Yes, this process can be recommended as a practical
method for making benzene asvalue of K isvery high.

137.(i) Hess’s law states enthalpy change remains the

same whether the reaction takes place in one step or
in several steps.
It followsfrom 1st law of thermodynamicsthat energy
can neither be created nor be destroyed. It can change
fromoneformto another. Thetotal energy of universe
remains constant.

CO,(9) +2H,0(1) = CH,(9) + 20,(9)
AH=A;H(CH,)+2AH(O,)—A{H(CO,)

(if)

—2A¢H[H,0(1)]
+890.3kJ mol * s Ay\H CH; +2x0-

—(—393.51K3 pol, )< 2%(—285.8 kJ mol 1)
A H (CHP=\(4890:8 4393.51kJ - 571.6)kJ mol

AeH (CH,)A-74.8 kI mal#*

138.(i)- (&) First lawnof thef modynamics. It states that
erergy.can neitherbe created nor be destroyed. It
€an change from®neformto another. Thetotal energy
of universe yémains constant.

Standard Enthalpy of Formation. It is defined as
enthalpy change when 1 mole of compound isformed
fromits constituting elements.

() NoH, (1) +2H,0, (1) > N, (9) + 4H,0()
AH =A;H(N,)+4AH(H,0)

(b)

—AH(N,H,)-2A . H(H,0,)
=0+ 4x—242.7—(-50.4) — 2(-193.2)
=(-970.8+50.4 + 386.4)kJ mol *
AH =-534kJ mol !
139.A:H =AH , + AH,,, + AH, + AH + AH e
+ AH\,ap
— 524 =148+ 2187 - 331+193+ 31+ AH .

AH 00 = —524— 2228 =—-2752 kJ mol

140. At constant volume, according to first law of
thermodynamics.

g=AU +(-w)

—W= pAV

g=AU + pAV

AV =0

gy =AU

where AU isinternal energy change. At constant
pressure.

g=AU + pAV

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186
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d, =AH , where AH isenthalpy change. At constant

volume and pressure, heat change is a state function
because it is equal to AU and AH which are state
functions and depend uponinitial and fina states of the
system and not on path.

141
(i) Hess’s Law: The total amount of heat evolved or
absorbed in areaction isthe same whether the reaction
takes place ir. one step or in number of steps. in other
words, the total amount of heat change in a reaction
depends only upon the reactants and the products and
isindependent of the path taken.

() Sandard enthalpy of combustion is the amount

of heat evolved when one mole of a substance under

standard condition is compl etely burnt to form product
also under standard conditions.

(b) Sandar d enthal py of for mation isthe enthal py change
accompanying the formation of onemole of asubstance
fromitsconstituent element intheir standard state, e.g.
standard enthalpy of formation of CO, may be
represented as

(if)

C(s)+0,(g) > CO,(9)
(iii) ()
Extensive Property Intensive Property’ _
The property that depends onthe | These are'the propertythat depends on
quantity of a matter contained in the | the naturéof the substafice and not on
systeme.g, mass, volume and heat  [the amount of Substanee, eig, refractive
capacity indexandviscosity:
(b)
Isothermal Process Isobaric Process

When a process is carried out in
such a manner that the temperature
remains constant, it is called
isothermal process

Isobaric process is the one during
which the pressure of the system
remains constant,

142. (i) Standard enthal py of formation isdefined asentha py
change when 1 mole of compound is formed from the
constituting elementsin their standard states.

(@) isnot enthalpy of formation of CaCO, becauseit is not
being formed from constituting el ements.

(b) isnot enthalpy of formation of HBr because 2 moles of
HBr are being formed.

(i) OF,(g)+H,0(g) > O,(9) + 2HF(g)
An=1+2-2=1

A H°(0,) =Y A¢H°(products) - > A H°(reactants)

= A H°(0,)+2A H°(HF)— A H°(OF,)— A H°(H,0)
=0+ 2x (—268.6) — 23.0— (—241.8)

=537.2-23.0+241.8
=-318.4kJ

A H°=AU°+AnRT

1x8.314x 300
1000

AH°=AU°+An,RT

~318.4kJ A U°+ kJ

AH® = (~10500- 2477.57)J mol *

=-12977.575 Jmol !
AG® =AH° —TAS®

—12977.58 - 298K x(¢44.1) JK * mol *
=-12977.58 41314130
AG® =0.164 kI oIy

= Since AGYISpositive, the proeessis non spontaneous.

143.(I)) AG4.AH —TAS i¥fer non-spontaneous reaction
AG ==ve

FAS > AH
=T >ﬂor T >@=2000K
AS 0.2

= Above 2000K, the process will be spontaneous.
(Y First law of thermodynamics statesthat the total energy

of the universe remains constant, although it may

undergo transformation from one form to another.

—318.4kJ=A,U°+2.4942 kJ

A U°=-320.8942kJ

144. (i)f First law of Thermodynamics states that energy
can neither be created nor be destroyed. It can change
from oneform to another. The total energy of universe
remains consant.
‘g’ is not a state function because it depends upon path.
‘w’ is not a state function because it depends upon path.
g+w=AU which is a state function because it is
independent of path.

H

I
H—t[Z—H + 20=0(g) —>
H

0O=C=0(g)+2H -0O-H(9)
AH = bond energy of reactants - Bond energy of
products.
=2Bg o +4B._; —2B._o — 4B, 4
=2x498+4x 414 - 2x 741 4% 464
= (996 + 1656 — 1482 — 1856) = 686 kJ mol *
145. (i) Enthalpy of Neutralisation is defined as heat

evolved when 1 mole of 4+ from acid combineswith

1 mole of base to form water.
It is becasue strong acids and bases are completely

(if)
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ionised in agueous solution.
Law of conservation of energy is the basis of Hess’s
law.

2A,9 +5B,(9) > 2A,B;(9)
An=2-2-5=5-5

AH =-50.16 kJ

T =273+ 27=300K

(i)
(iii)
AU =?
AH =AU + AnRT

= AU =AU - AnRT

(~5) x 8.314x 300
1000

= AU =-50.16kJ - kJ

= AU =-50.16 kJ +%71k.]
1000

= AU =-50.16 kJ +12.471 kJ
= AU =-37.689 kJ
146. (i) U, isinitially internal energy, ‘q’ is heat supplied,w

U,=U,+gq+w U,-U;=q+w
AU =qg+w
(i) Itisbecause AU =q+w
AU isstatefunction .. q +W isstatefurction.

(iii) H,(9) + Br,(g) — 2HBr(g)
AH°=By ., +Bg 5 — 2B &
=436+192 - 2x 368
A, H°=628—-736=-108kJ mol *

147.(i) Carbohydrates(ii) 6%

(iii) Oil isthe major source of fats.
No, they are not good for health as the’ contain lot of
sodium, fats and harmful substances.
Yes, they are good for health because the)- are sources
of iron, vitamins, mineralsand proteins.
She must use less saturated fats, use PUFA and MUFA
and should involve her family membersin exercise.

148.(i) Synthesisgas has higher calorific valuethan coal .

(ii) It is because lot of sulphur in coal is removed during
gasification process, i.e. in production of synthesisgas.
Combustion of synthesisgasproduceslesspollution than
burning of coal.

(iii) Synthesis gas can be supplied through pipes becauseit
isagas.

(iv) H, is better fuel.

(v) Because it does not create pollution.

(vi) It is because LPG creates very less air pollution as
compared to wood and dung cakes.

149. (i) It changesto MgSO, solid.
(i) We can get SO, from MgSO, by heating at 1025 K.

iswork done on the system, then final internal_energy.

A
MgSO, —>1025K MgO + SO,
(iii) It can be used to manufacture sulphuric acid.
290, + 0, —%% 5,230,
770K

high pressure

S0, + H,30, H,S,0,
Oleum
H,S,0,+H,0— 2H,S0, (conc.)
Oleum sulphuric acid

(v) Itisused for the manufacture of fertilizers.
(vi) They are controllingemission of SO, whichis harmful
for people.

150.(i) (a) Changingsthe fuel byaswitching to low sulphur
coals, oils'and gases.

(b) Cleaning thecoalheforeicombustion.

(). Controlling emissi onbyusing catal ytic converters.

(d) Using unleaded gasolipe.

(i)» yes) it has reduced pollution in Delhi. It should be
adopted in othey’states al so.

(i) CNGiis better becauseit has high calorific value.

(iv)yYes, becalise diesel vehicles create more pollution.

(v) Yes, becausethey do not create pollution.

151.(i) It does naot create pollution and has high calorific
value.

(i) It contains 55-70% of methane which is highly
combustible.

(iii) Itisused asafuel for cooking and purposes, also asa
feedstock for runn'ng dual fuel engines.

(iv) It is used as manure.

(V) Yes, itwill helpthevillagersto useclean fuel.

(vi) They are helping toreduceair pollution.

kkkk*k

58-AA, RANI KABAGH,AMRITSAR (M) 98721-76186

[18]

Facebook page: chemistry_classeswith Sir Ajay Behl

Youtube Channel: chemistry withAjay Behl Sir



