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Question 6.1: 

Choose the correct answer. A thermodynamic state function is a quantity 

(i) used to determine heat changes 

(ii) whose value is independent of path 

(iii) used to determine pressure volume work 

(iv) whose value depends on temperature only. 

Answer 

A thermodynamic state function is a quantity whose value is independent of a path. 

Functions like p, V, T etc. depend only on the state of a system and not on the path. 

Hence, alternative (ii) is correct. 

 

Question 6.2: 

For the process to occur under adiabatic conditions, the correct condition is: 

(i) ∆T = 0 

(ii) ∆p = 0 

(iii) q = 0 

(iv) w = 0 

Answer 

A system is said to be under adiabatic conditions if there is no exchange of heat between 

the system and its surroundings. Hence, under adiabatic conditions, q = 0. 

Therefore, alternative (iii) is correct. 

 

Question 6.3: 

The enthalpies of all elements in their standard states are: 

(i) unity 

(ii) zero 

(iii) < 0 

(iv) different for each element 

Answer 

The enthalpy of all elements in their standard state is zero. 

Therefore, alternative (ii) is correct. 
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Question 6.4: 

∆Uθof combustion of methane is – X kJ mol–1. The value of ∆Hθ is 

(i) = ∆Uθ 

(ii) > ∆Uθ 

(iii) < ∆Uθ 

(iv) = 0 

Answer 

Since ∆Hθ = ∆Uθ + ∆ngRT and ∆Uθ = –X kJ mol–1, 

∆Hθ = (–X) + ∆ngRT. 

⇒ ∆Hθ < ∆Uθ 

Therefore, alternative (iii) is correct. 

 

Question 6.5: 

The enthalpy of combustion of methane, graphite and dihydrogen at 298 K are, –890.3 

kJ mol–1 –393.5 kJ mol–1, and –285.8 kJ mol–1 respectively. Enthalpy of formation of 

CH4(g) will be 

(i) –74.8 kJ mol–1             (ii) –52.27 kJ mol–1 

(iii) +74.8 kJ mol–1           (iv) +52.26 kJ mol–1. 

Answer 

According to the question, 

 

Thus, the desired equation is the one that represents the formation of CH4 (g) i.e., 

 

 

 



 
Class XI Chapter 6 – Thermodynamics Chemistry 

 

 
Page 3 of 11 

 
Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 

 
Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051  

(One Km from ‘Welcome’ Metro Station) 

Enthalpy of formation of CH4(g) = –74.8 kJ mol–1 

Hence, alternative (i) is correct. 

 

Question 6.6: 

A reaction, A + B → C + D + q is found to have a positive entropy change. The reaction 

will be 

(i) possible at high temperature 

(ii) possible only at low temperature 

(iii) not possible at any temperature 

(iv) possible at any temperature 

Answer 

For a reaction to be spontaneous, ∆G should be negative. 

∆G = ∆H – T∆S 

According to the question, for the given reaction, 

∆S = positive 

∆H = negative (since heat is evolved) 

⇒ ∆G = negative  

Therefore, the reaction is spontaneous at any temperature. 

Hence, alternative (iv) is correct. 

 

Question 6.7: 

In a process, 701 J of heat is absorbed by a system and 394 J of work is done by the 

system. What is the change in internal energy for the process? 

Answer 

According to the first law of thermodynamics, 

∆U = q + W (i) 

Where, 

∆U = change in internal energy for a process 

q = heat 

W = work 

Given,  

q = + 701 J (Since heat is absorbed) 

W = –394 J (Since work is done by the system) 
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Substituting the values in expression (i), we get 

∆U = 701 J + (–394 J) 

∆U = 307 J 

Hence, the change in internal energy for the given process is 307 J. 

 

Question 6.8: 

The reaction of cyanamide, NH2CN(s), with dioxygen was carried out in a bomb 

calorimeter, and ∆U was found to be –742.7 kJ mol–1 at 298 K. Calculate enthalpy 

change for the reaction at 298 K. 

 

Answer 

Enthalpy change for a reaction (∆H) is given by the expression, 

∆H = ∆U + ∆ngRT 

Where, 

∆U = change in internal energy 

∆ng = change in number of moles 

For the given reaction, 

∆ng = ∑ng (products) – ∑ng (reactants) 

= (2 – 2.5) moles 

∆ng = –0.5 moles 

And, 

∆U = –742.7 kJ mol–1 

T = 298 K 

R = 8.314 × 10–3 kJ mol–1 K–1 

Substituting the values in the expression of ∆H: 

∆H = (–742.7 kJ mol–1) + (–0.5 mol) (298 K) (8.314 × 10–3 kJ mol–1 K–1) 

= –742.7 – 1.2 

∆H = –743.9 kJ mol–1 

 

Question 6.9: 

Calculate the number of kJ of heat necessary to raise the temperature of 60.0 g of 

aluminium from 35°C to 55°C. Molar heat capacity of Al is 24 J mol–1 K–1. 
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Answer 

From the expression of heat (q), 

q = m. c. ∆T 

Where,  

c = molar heat capacity 

m = mass of substance 

∆T = change in temperature 

Substituting the values in the expression of q: 

 

q = 1066.7 J 

q = 1.07 kJ 

 

Question 6.10: 

Calculate the enthalpy change on freezing of 1.0 mol of water at 10.0°C to ice at –

10.0°C. ∆fusH = 6.03 kJ mol–1 at 0°C. 

Cp[H2O(l)] = 75.3 J mol–1 K–1 

Cp[H2O(s)] = 36.8 J mol–1 K–1 

Answer 

Total enthalpy change involved in the transformation is the sum of the following 

changes: 

(a) Energy change involved in the transformation of 1 mol of water at 10°C to 1 mol of 

water at 0°C. 

(b) Energy change involved in the transformation of 1 mol of water at 0° to 1 mol of ice 

at 0°C. 

(c) Energy change involved in the transformation of 1 mol of ice at 0°C to 1 mol of ice at 

–10°C. 

 

= (75.3 J mol–1 K–1) (0 – 10)K + (–6.03 × 103 J mol–1) + (36.8 J mol–1 K–1) (–10 – 0)K 

= –753 J mol–1 – 6030 J mol–1 – 368 J mol–1 

= –7151 J mol–1 

= –7.151 kJ mol–1 
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Hence, the enthalpy change involved in the transformation is –7.151 kJ mol–1. 

 

Question 6.11: 

Enthalpy of combustion of carbon to CO2 is –393.5 kJ mol–1. Calculate the heat released 

upon formation of 35.2 g of CO2 from carbon and dioxygen gas. 

Answer 

Formation of CO2 from carbon and dioxygen gas can be represented as: 

 

(1 mole = 44 g) 

Heat released on formation of 44 g CO2 = –393.5 kJ mol–1 

Heat released on formation of 35.2 g CO2 

 

= –314.8 kJ mol–1 

 

Question 6.12: 

Enthalpies of formation of CO(g), CO2(g), N2O(g) and N2O4(g) are –110 kJ mol–1, – 393 kJ 

mol–1, 81 kJ mol–1 and 9.7 kJ mol–1 respectively. Find the value of ∆rH for the reaction: 

N2O4(g) + 3CO(g) N2O(g) + 3CO2(g) 

Answer 

∆rH for a reaction is defined as the difference between ∆fH value of products and ∆fH 

value of reactants. 

 

For the given reaction, 

N2O4(g) + 3CO(g) N2O(g) + 3CO2(g) 

 

Substituting the values of ∆fH for N2O, CO2, N2O4, and CO from the question, we get: 

 

Hence, the value of ∆rH for the reaction is . 
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Question 6.13: 

Given 

; ∆rH
θ = –92.4 kJ mol–1 

What is the standard enthalpy of formation of NH3 gas? 

Answer 

Standard enthalpy of formation of a compound is the change in enthalpy that takes place 

during the formation of 1 mole of a substance in its standard form from its constituent 

elements in their standard state. 

Re-writing the given equation for 1 mole of NH3(g), 

 

Standard enthalpy of formation of NH3(g) 

= ½ ∆rH
θ 

= ½ (–92.4 kJ mol–1) 

= –46.2 kJ mol–1 

 

Question 6.14: 

Calculate the standard enthalpy of formation of CH3OH(l) from the following data: 

CH3OH(l) + O2(g) CO2(g) + 2H2O(l) ; ∆rH
θ = –726 kJ mol–1 

C(g) + O2(g) CO2(g) ; ∆cH
θ = –393 kJ mol–1 

H2(g) + O2(g) H2O(l) ; ∆fH
θ = –286 kJ mol–1. 

Answer 

The reaction that takes place during the formation of CH3OH(l) can be written as: 

C(s) + 2H2O(g) + O2(g) CH3OH(l) (1) 

The reaction (1) can be obtained from the given reactions by following the algebraic 

calculations as: 

Equation (ii) + 2 × equation (iii) – equation (i) 

∆fH
θ [CH3OH(l)] = ∆cH

θ + 2∆fH
θ [H2O(l)] – ∆rH

θ 
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= (–393 kJ mol–1) + 2(–286 kJ mol–1) – (–726 kJ mol–1) 

= (–393 – 572 + 726) kJ mol–1 

∆fH
θ [CH3OH(l)] = –239 kJ mol–1  

 

Question 6.15: 

Calculate the enthalpy change for the process 

CCl4(g) → C(g) + 4Cl(g) 

and calculate bond enthalpy of C–Cl in CCl4(g). 

∆vapH
θ (CCl4) = 30.5 kJ mol–1. 

∆fH
θ (CCl4) = –135.5 kJ mol–1. 

∆aH
θ (C) = 715.0 kJ mol–1, where ∆aH

θ is enthalpy of atomisation 

∆aH
θ (Cl2) = 242 kJ mol–1 

Answer 

The chemical equations implying to the given values of enthalpies are: 

∆vapH
θ = 30.5 kJ mol–1 

∆aH
θ = 715.0 kJ mol–1 

∆aH
θ = 242 kJ mol–1 

∆fH = –135.5 kJ mol–1 

Enthalpy change for the given process can be calculated using 

the following algebraic calculations as: 

Equation (ii) + 2 × Equation (iii) – Equation (i) – Equation (iv) 

∆H = ∆aH
θ(C) + 2∆aH

θ (Cl2) – ∆vapH
θ – ∆fH 

= (715.0 kJ mol–1) + 2(242 kJ mol–1) – (30.5 kJ mol–1) – (–135.5 kJ mol–1) 

∆H = 1304 kJ mol–1 

Bond enthalpy of C–Cl bond in CCl4 (g) 

 

= 326 kJ mol–1 

 

 



 
Class XI Chapter 6 – Thermodynamics Chemistry 

 

 
Page 9 of 11 

 
Website: www.vidhyarjan.com             Email: contact@vidhyarjan.com Mobile: 9999 249717 

 
Head Office: 1/3-H-A-2, Street # 6, East Azad Nagar, Delhi-110051  

(One Km from ‘Welcome’ Metro Station) 

 

Question 6.16: 

For an isolated system, ∆U = 0, what will be ∆S? 

Answer 

∆S will be positive i.e., greater than zero 

Since ∆U = 0, ∆S will be positive and the reaction will be spontaneous. 

 

Question 6.17: 

For the reaction at 298 K, 

2A + B → C 

∆H = 400 kJ mol–1 and ∆S = 0.2 kJ K–1 mol–1 

At what temperature will the reaction become spontaneous considering ∆H and ∆S to be 

constant over the temperature range? 

Answer 

From the expression, 

∆G = ∆H – T∆S 

Assuming the reaction at equilibrium, ∆T for the reaction would be: 

 

(∆G = 0 at equilibrium) 

 

T = 2000 K 

For the reaction to be spontaneous, ∆G must be negative. Hence, for the given reaction 

to be spontaneous, T should be greater than 2000 K. 

 

Question 6.18: 

For the reaction, 

2Cl(g) → Cl2(g), what are the signs of ∆H and ∆S ? 

Answer 

∆H and ∆S are negative 
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The given reaction represents the formation of chlorine molecule from chlorine atoms. 

Here, bond formation is taking place. Therefore, energy is being released. Hence, ∆H is 

negative. 

Also, two moles of atoms have more randomness than one mole of a molecule. Since 

spontaneity is decreased, ∆S is negative for the given reaction. 

 

Question 6.19: 

For the reaction 

2A(g) + B(g) → 2D(g) 

∆Uθ = –10.5 kJ and ∆Sθ= –44.1 JK–1. 

Calculate ∆Gθ for the reaction, and predict whether the reaction may occur 

spontaneously. 

Answer 

For the given reaction, 

2 A(g) + B(g) → 2D(g) 

∆ng = 2 – (3) 

= –1 mole 

Substituting the value of ∆Uθ in the expression of ∆H: 

∆Hθ = ∆Uθ + ∆ngRT 

= (–10.5 kJ) – (–1) (8.314 × 10–3 kJ K–1 mol–1) (298 K) 

= –10.5 kJ – 2.48 kJ 

∆Hθ = –12.98 kJ 

Substituting the values of ∆Hθ and ∆Sθ in the expression of ∆Gθ: 

∆Gθ = ∆Hθ – T∆Sθ 

= –12.98 kJ – (298 K) (–44.1 J K–1) 

= –12.98 kJ + 13.14 kJ 

∆Gθ = + 0.16 kJ 

Since ∆Gθ for the reaction is positive, the reaction will not occur spontaneously. 

 

Question 6.20: 

The equilibrium constant for a reaction is 10. What will be the value of ∆Gθ? R = 8.314 

JK–1 mol–1, T = 300 K. 

Answer 
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From the expression,  

∆Gθ = –2.303 RT logKeq 

∆Gθ for the reaction, 

= (2.303) (8.314 JK–1 mol–1) (300 K) log10 

= –5744.14 Jmol–1 

= –5.744 kJ mol–1 

 

Question 6.21: 

Comment on the thermodynamic stability of NO(g), given 

N2(g) + O2(g) → NO(g) ; ∆rH
θ = 90 kJ mol–1 

NO(g) + O2(g) → NO2(g) : ∆rH
θ= –74 kJ mol–1 

Answer 

The positive value of ∆rH indicates that heat is absorbed during the formation of NO(g). 

This means that NO(g) has higher energy than the reactants (N2 and O2). Hence, NO(g) is 

unstable. 

The negative value of ∆rH indicates that heat is evolved during the formation of NO2(g) 

from NO(g) and O2(g). The product, NO2(g) is stabilized with minimum energy. 

Hence, unstable NO(g) changes to unstable NO2(g). 

 

Question 6.22: 

Calculate the entropy change in surroundings when 1.00 mol of H2O(l) is formed under 

standard conditions. ∆fH
θ = –286 kJ mol–1. 

Answer 

It is given that 286 kJ mol–1 of heat is evolved on the formation of 1 mol of H2O(l). Thus, 

an equal amount of heat will be absorbed by the surroundings. 

qsurr = +286 kJ mol–1 

Entropy change (∆Ssurr) for the surroundings =  

 

∆Ssurr = 959.73 J mol–1 K–1 
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UNIT-6

THERMODYNAMICS

A system is a part of universe in which observations are made. The remain-

ing universe which can interact with the system constitutes the surroundings. A

boundry, real or imaginary separate the system from the surroundings.

A process that occurs infinitesimally slowly such that system always re-

mains in equilibrium with its surroundings is called reversible process.

Internal energy change (U) : Heat absorbed or released by the system at

constant volume i.e. U = qv = Cv T.

The heat change at constant volume during the course of a reaction is mea-

sured by bomb calorimeter.

Enthalpy change (H) : Heat absorbed or released by the system at con-

stant pressure, i.e., H = qp; H < 0 (Exothermic process), H > 0 (Endother-

mic process).

H = qp = CpT

Heat change at constant pressure is measured in ordinary calorimeter.

First law of thermodynamics : U = q + w. For a given change in state,

q and w vary depending how the change is carried out. However, q + w = U

will depend upon the initial and final state of the system. Hence U is also a

state function.

The q is positive when heat is transferred from sounding to the system and

is negative when it is transferred from the system.

Work done during the expansion of gas against external pressure

Mechanical work or pressure volume work is given by W = Pex (V) =

Pex (Vf Vi) where Pex is external pressure acting on the system. During ex-

pansion Vf > Vi and W is negative.

If external pressure is not constant but changes during the process such

that it is always infinitesimally greater than the pressure of gas (pin). In an

expansion process, the external pressure is always less than pressure of gas

(pin or simply p). The work done in a reversible process is given by

V V

V V

V
W 2.303 RT log  

V

f f

i i

f

rev in

i

p dv pdv n      
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where Vi = Initial volume; Vf  = Final volume

       
P

2.303 RT log
P

i

f

n 

where Pi = Initial pressure; Pf  = Final pressure

In free expansion of an ideal gas in vaccum, no work is done by the gas

because no force is opposing expansion (pex = 0) in a reversible or irreversible

process. If the gas neither lose nor gain heat from the surroundings, then q = 0

and therefore, there will be no change in the internal energy of the system

(U = 0).

For isothermal irreversible change : U = 0

  q =  W = [pex (Vf  Vi)]

For isothermal reversible change : U = 0

V
 W  2.303 RT log

V

f

i

q n   

Relationship between U and H for the reactions involving gaseous

reactants and gaseous products occurring at constant T and P

H = U + ng RT

where ng = sum of stoichiometric coefficients of gaseous products minus

sum  of stoichiometric coefficients of gaseous reactants.

ng = nP nR (gaseous phase)

Standard enthalpy of reaction (r H) is the enthalpy change for the

reaction when the reactants and products are in their standard states. The standard

state of a substance at a specified temperature (not necessarily 298 K) is its pure

and most stable form at 1 bar pressure.

Second law of thermodynamics : For a spontaneous change in a system,

the total entropy change Stotal is positive, i.e., Ssys + Ssurr. > 0

When a system is in equilibrium, the entropy is maximum. Hence,

Stotal = 0 (at equilibrium).

Third law of thermodynamics : The entropy of a perfectly crystalline

substance approaches zero as the absolute zero of temperature is approached.

Residual entropy : There are certain substance which possess certain entropy

even at absolute zero. This entropy is known as residual entropy.

Gibbs energy change (r G) and spontaneity : The following criteria can

be derived from second law of thermodynamics :

r G < 0 Spontaneous process

r G > 0 Non-spontaneous process
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r G = 0 At equilibrium

The reaction is called exoergonic if  G < 0 and endoergonic if  G >

0. The sign of G = H  TS also depends upon temperature. The temperature

at which equilibrium is attained, is given by 
H

T .
S





Important formulas used in thermodynamics calculations

S
T

rev
r

q
 

H H
S  and S

T T

fus vap

fus vap

 
   

S S  (products) S  (reactants)r p rv v       
H H  (products) H  (reactants)r p r r rv v       
G G  (products) G  (reactants)r p r r rv v       

Gibbs energy and useful work : TS is the energy of the system which is

not available to do useful work. H is the enthalpy change of the reaction. There-

fore, H  TS is the energy which is available to do useful work. The decrease

in the Gibbs energy is equal to the maximum possible useful work that can be

derived from a process.

rG = Wuseful

In case of galvanic cells, useful work done by the cell is given by rG
=

n E


cell F and in standard states r G
 n E


cell F

Hess’s law of constant heat summation is based on the law of conserva-

tion of energy. If a reaction is the sum of two or more constituent reactions, then

enthalpy of overall reaction is the sum of enthalpy changes of the constituent

reactions.

rH
 = rHa

 + rHb
 + rHc

 +.......

(F or definition of cH
, aH, mean bond dissociation enthalpy (H

A  B),

lattice enthalpy (LH), fusH
, vapH, subH please refer NCERT text book

Class XI, Part I, page 171 to 173.

Gibbs energy and equilibrium : A reversible reaction occur in either di-

rection simultaneously so that a dynamic equilibrium is set up. This means that

forward and reverse reaction should proceed with the decrease in Gibbs energy

which is possible if the free energy of the system in minimum at equilibrium,

i.e., r G = 0.
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0 = rG
+ 2.303 RT log K

and rG
= rH

TrS


1-  MARK QUESTIONS

1. Give an example of an open system.

2. Differentiate between a closed system and an isolated system.

3. Specify the properties needed to describe the state of a thermodynamic sys-

tem.

4. Define internal energy of the system.

5. Which of the following is not a state function :

(a) P (b) T (c) W (d) U

6. Why U is a state function ?

7. Assign positive or negative sign to Wad when :

(a) work is done on the system.

(b) work is done by the system.

8. How does the state of thermodynamic system changes when electrical or

mechanical work is done on an adiabatic system ?

9. Heat is transferred from the surroundings to the close system, then what is

the change in internal energy ?

10. State first law of thermodynamics and write its mathematical equation.

11. What is the relationship between H and U for a reaction involving gases ?

12. Give an example of a reaction for which H = U.

13. Define standard enthalpy of formation of a compound.

14. Write the equation for calculating enthalpy of formation of H2O (l).

15. Define a state function.

16. Given : N2 (g) + 3H2 (g) 2NH3 (g)      rH
= 92.4 kJ mol1

What is the standard enthalpy of formation of ammonia gas ?

[Ans. – 46.2 kJ/mol]

17. For an isolated system U = 0, what will be S ?

18. For the reaction : H2 (g) 2H (g)

What will be the sign of H and S ? [Ans. 0,  S>0H   ]

19. What is the relationship between standard Gibbs energy change and equi-

librium constant of a reaction ?

20. Comment on thermodynamic stability of NO(g), given :
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1

2 2

1 1
N ( ) O ( ) NO( )        H 90.0 kJmol

2 2

   fg g g 

[Hint : Since enthalpy of formation of NO is positive, it is thermodynami-

cally unstable.]

21. The enthalpy of combustion of methane is - 890 kJ mol1. Calculate its

calorific value.

22. If the standard Gibbs energy change for a reaction is found to be less than

zero, what is the value of equilibrium constant for the reaction ?

23. Predict the sign of rG for a reaction at equilibrium.

24. Predict the sign of Ssurr for an exothermic reaction.

25. Which of the following is not a state function and why ?

(a) Internal energy (b) Enthalpy

(c) Heat (d) Entropy

26. Explain the term residial entropy.

2 - MARK QUESTIONS

1. Write the mathematical expression for :

(a) Irreversible work done on an ideal gas in a cylinder when it is

compressed by a constant external pressure (Pex) and the volume of the

gas changes from Vi to Vf.

(b) Reversible work done on the gas in a cylinder which is compressed in

infinite number of steps and the volume changes from Vi to Vf. In this

case P is not constant.

2. Differentiate between the following :

(a) Extensive and intensive properties

(b) Sublimation energy and enthalpy of atomisation

3. The following equations do not depict the enthalpy of formation. Explain

why ?

(a) H2 (g) + Cl2 (g) 2HCl (g)      Hr= 184.62 kJ mol1

(b) CaO (s) + CO2 (g) CaCO3 (s)  Hr= 178.3 kJ/mol

4. Classify the following as extensive or intensive property :

(a) Specific heat (b) Temperature

(c) Volume (d) Molar heat capacity

5. Derive the relationship between the following :

(a) Cp and Cv (b) H and U
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6. Standard enthalpy of formation of hydrazine [N2H4 (l)], hydrogen

peroxide [H2O2  (l)] and water [H2O (l)] are 50.4, 193.2 and 242.7

kJ/mol respectively. Calculate the standard enthalpy of formation for

the following reaction :

N2H4 (l) + 2H2O (l) N2 (g) + 4H2O (l)

7. In a process 701.0 J of heat is absorbed by a system and 394 J of work is

done by the system. What is the change in internal energy for the process ?

[Ans. q = + 701 J, W = – 394 J, U J 

8. Calculate the number of kJ of heat necessary to raise the temperature of

60.0 g Al from 35º C to 55º C. Molar heat capacity of Al is 24 J mol1 K1.

[Ans. 1.09 kJ]

9. Under what conditions the following reactions occur spontaneously :

(a) Both H and S are negative for the reaction.

(b) Both H and S are positive for the reaction.

10. Calculate rH
for the reaction :

H2 (g) + Br2 (g) 2HBr (g)

Bond enthalpy of various bonds are HH = 436.0 kJ mol1, BrBr = 192.0

kJ mol1 and HBr = 368.0 kJ mol1.

11. Hess’s law is a corollary of the first law of thermodynamics. Explain.

12. Explain the following observations :

(a) When an ideal gas expands in vacuum there is neither absorption or

evolution of heat but when a real gas expands cooling is observed.

(b) Although dissolution of NaCl in water is endothermic, but it readily

dissolves.

13. (a) Decrease in enthalpy cannot be the sole criteria for spontaneity of a

reaction. Justify with the help of an example.

(b) How can a chemical reaction with positive enthalpy and entropy changes

be made entropy driven spontaneous reaction ?

14. All spontaneous reactions follow the criteria Stotal = Ssys + Ssurr > 0.

Starting from this relation, how can we derive a relationship between G

and spontaniety ?

15. The equilibrium constant for a reaction is 10. What will be the value of G ?

R = 8.314 JK1 mol1, T = 300 K

16. Calculate the entropy change in surroundings when 1.0 mol of H2O (l) is

formed under standard conditions. Given : fH
 [H2O (l)] = 286.0 KJ mol1,

T = 298 K.
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[Hint : 
H

S
T T

rev r
surr

q 
   ]

17. Predict the spontaneity of the following reaction on the basis of Stotal.

4Fe (s) + 3O2 (g) 2Fe2O3 (s)

rH
= 1648 103 J mol1 S= 549.4 JK1 mol1

[Ans.  rStolal = 4980.6 JK–1 mol–1. Hence the reaction is spontaneous]

18. Give reason for the following :

(a) The enthalpy of neutralisation is always constant i.e., 57.1 kJ/mol when

a strong acid neutralises a strong base.

(b) The enthalpy of neutralisation is less than 57.1 kJ/mol when a weak acid

reacts with a weak or strong base.

19. Compare the thermodynamic stability of NO and NO2 from the following

data :

1

2 2

1

2 2

1 1
N ( ) O ( ) NO( )      H 90.0 kJ mol

2 2

1
NO ( ) O ( ) NO ( )      H 74 kJ mol

2

f

f

g g g

g g g









   

    

[Hint : Heat of formation of NO (g) is 90.0 kJ mol1 and the heat of forma-

tion of NO2 (g) is [90.0 + (74.0) = +16.0 kJ mol1]. Since enthalpy of

formation of NO2 is less positive than that of NO, therefore NO2 is more

stable than NO.]

20. At 298k, kp for the reaction N2O4 (g)   2NO2 (g) is 0.98. Predict whether

the reaction is spontaneous or not.

 3 - MARK QUESTIONS

1. Define the following :

(a) Enthalpy of atomisation

(b) Enthalpy of neutralisation

(c) Enthalpy of solution

2. (a) Why internal energy is called a state function ?

(b) Express the change in internal energy of a system when : no heat is

absorbed by the system from the surroundings but work is done on the sys-

tem. What type of wall does the system have ?

3. Calculate the lattice enthalpy of MgBr2, given that :

Enthalpy of formation of MgBr2 = 524 kJ mol1
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Sublimation enthalpy of Mg = 148 kJ mol1

Ionization enthalpy of Mg = 2187 kJ mol1

Vapourisation enthalpy of Br2 (l) = 31 kJ mol1

Dissociation enthalpy of Br2 (g) = 193 kJ mol1

Electron gain enthalpy of Br (g) = 331 kJ mol1

4. (a) Define enthalpy of vapourisation.

(b) If enthalpy of vapourisation of water at 373 K = 40.66 kJ mol1,

calculate the internal energy of vapourisation at 373 K.

[Ans. U = 37.904 kJ/mol]

(c) A swimmer coming out from a pool is covered with a film of water

weighing about 18.0 g. How much heat must be supplied to evaporate

water at 298 k. Calculate internal energy of vaporisation at 373 K. The

enthalpy of vaporisation at 373 K is 44.66 kJ/mol–1 ?

[Ans. vap U = 37.56 kJ/mol–1]

5. (a) Define bond enthalpy.

(b) Calculate bond enthalpy of HCl if bond enthalpy of HH bond is 436 kJ

mol1, ClCl B. E. is 242 kJ mol1 and heat of formation of HCl is 

92.5 kJ mol1.

6. Calculate the standard enthalpy of formation of CH3OH (l) from the fol-

lowing data :

1

3 2 2 2

3
CH OH ( ) O ( ) CO ( ) 2H O ( )      726 kJ mol

2
rl g g l H       

1

2 2C (graphite) O ( ) CO ( )                         393 kJ molcg g H     

1

2 2 2

1
H  ( ) O ( ) H O ( )                                   H 286 kJ mol

2
fg g l      

7. Calculate the enthalpy change on freezing of 1.0 mol of water at 10.0º C to

ice at 10.0º C. [Ans. –5.65 kJ/mol]

Given : Cp [H2O (l)] = 75.3 J mol1 K1

Cp [H2O (s)] = 36.8 J mol1 K1

fus H = 6.03 kJ mol1 at 0º C

8. Define the terms :

(a) Open system

(b) Average bond dissociation enthalpy

(c) Entropy



[XI – Chemistry] 50

9. During the combustion of 1 g graphite in bomb calorimeter, the tempera-

ture rised from 298 K to 299 K. The heat capacity of bomb calorimeter is

20.7 kJ/K.

(a) What is the amount of heat released ?

(b) What are the values of U and H for the combustion of carbon ?

[Ans. qv = – 20.7 kJ, H = U = – x 102 kJ/mol ]

10. (a) Define lattice enthalpy.

(b) Give the relationship between the lattice enthalpy and heat of solution

of an inorganic salt.

11. Write the Born-Haber cycle to determine the lattice enthalpy of NaCl (s).

12. State Hess’s law of constant heat summation. What are its applications ?

13. (a) Why enthalpy of fusion is always positive?

(b) Why diamond does not have fH
= 0 although it is an element ?

14. For the reaction :

2A(g) + B(g)  2C(g)

U = – 10.5 kJ; S = –44.1 Jk–1

Calculate rG
 for the reaction and predict wheather the reaction may occur

spontaneously or not.   [Ans. 0.164kJ. Not spontaneous]

15. Calculate rH° for the reaction

H C Cl C  + 2H  + 2Cl(g) (g) (g)

Cl

H

Average bond enthalpy of C–H and C–Cl hands are 414 kj.mol–1 and 330 kj

mol–1 respectively.

16. H and S for the reaction

     2 2

1
Ag O s 2Ag s O g

2
 

are 30.56 kJ mol–1 and 66Jk–1 mol–1 respectively. Calculate the temperature

at which the Gibb’s energy charge for the reaction will be zero. What be the
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direction of the reaction at this temperature and at temperature below this

temperature & why ?

5 - MARK QUESTIONS

1. (a) State Hess’s law of constant heat summation. How does it follow from

first law of thermodynamics ?

(b) Determine the enthalpy of combustion of CH4 (g) at 298º K. You are

given following data :

(i) 1

2 2C (graphite) O ( ) CO ( )              H 393.51 kJ molrg g      

(ii)
1

2 2 2

1
H  ( ) O ( ) H O ( )                      H 285.8 kJ mol

2
rg g l      

(iii)
1

2 2 4 2CO  ( ) 2H O ( ) CH  ( ) 2O          H 890.3 kJ molrg l g       

[Ans. –891 kJ/mol]

2. (a) Use the following data to determine Gvalue for the following

reaction :

N2 (g) + 3H2 (g) 2NH3 (g)

Given data : Hf
[NH3 (g)] = 46.2 kJ mol1

S[N2 (g)] = 191.5 JK1 mol1

S[H2 (g)] = 130.6 JK1 mol1

S[NH3 (g)] = 192.5 JK1 mol1

R = 8.314 JK1 mol1

(b) Calculate the value of Kp for the above reaction at 300 K ?

3. (a) Define entropy. What is the effect of temperature on entropy change ?

(b) Calculate the entropy change in surroundings when 1.0 mol of H2O (l)

is formed under standard conditions. Melting point of ice is 273 K.

4. (a) A reaction is found to be endothermic and S is +ve. What is the

minimum temperature at which the reaction becomes spontaneous ?

(b) What is the value of rH
  for the following reaction ?

H+ (aq) + OH(aq) H2O (l)

(c) Calculate the enthalpy of formation of acetic acid (CH3COOH) if its

enthalpy of combustion is 867.0 kJ mol1. The enthalpy of formation

of CO2 (g) and H2O (l) are 393.5 kJ mol1 and 285.9 kJ mol1

respectively.
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5. (a) State first law of thermodynamics. Heat (q) and work done (W) are not

state functions but their sum is a state function. Explain why ?

(b) Use the bond enthalpies listed in the table given below to determine

the enthalpy of reaction :

     H

      |

H–C–H (g) + 2O =O     O = C = O (g) + 2H – O – H (g)

      |

     H

Given Bond Bond Enthalpy (kJ mol–1)

C = O 741

C–H 414

O–H 464

O = O 489

6. Predict the sign of S for the following changes :

(a) 2Cl (g) Cl2 (g)

(b) 2A (g) + B (g) 2C (g)

(c) 2CaCO3 (s) 2CaO (s) + 2CO2 (g)

(d) Freezing of water

(e) Temperature of alum crystal is changed from 273 K to 298 K.

7. (a) Differentiate between reversible and irreversible changes.

(b) Two litres of an ideal gas expands isothermally against an external

pressure of 1 atm until its final volume becomes 10 L at STP.

(i) Calculate the work done by the gas if it expands irreversibly.

(ii) Calculate the work done by the gas if it expands reversibly.

8. (a) Define Gibbs energy.

(b) Predict the direction in which a reversible reaction will move when

G < o.

(c) Using the data given below, calculate the value of rGº and Kp for the

following reaction at 298 K :

6 63CH CH ( ) C H  ( )g g 

Assuming ideal gas behaviour, fG
[CHCH (g)] = 2.09 105 J mol1,

fG
[C6H6 (g)] = 1.24 105 J mol1, R = 8.314 JK1 mol1.


