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IIT-JEE SYLLABUS 
 
First law of thermodynamics; Internal energy, work and heat, pressure-volume work; Enthalpy, 
Hess's law; Heat of reaction, fusion and vapourization; Second law of thermodynamics; 
Entropy; Free energy; Criterion of spontaneity. 
 

1.  INTRODUCTION  
 
 The term ‘thermodynamics’ implies flow of heat. Thermodynamics deals with energy changes 

associated with all types of physical and chemical processes. Thermodynamics is based on 
three important generalizations called first, second and third laws of thermodynamics. All the 
laws of thermodynamics are based on human experience. There is no formal proof for any of 
these laws. But nothing contrary to these laws has been known to happen whenever we 
consider the behaviour of matter in bulk. 

 Thermodynamics helps us to predict whether a given process or a chemical reaction is feasible 
under given conditions temperature, pressure and concentration. Thermodynamics does not 
tell anything about the rate at which a given process may proceed.  

 
 2. TERMS & DEFINITIONS  

 

2.1  System and Surroundings 

System is part of the universe which is arbitrarily set off from the rest of the universe by 
definite boundaries for the purpose of experimental or theoretical studies. The remainder of 
the universe is then, in fact the surroundings of the system. The space separating the 
system from its surrounding is termed as boundary. 

Types of Systems 
a) Real system In experimental work, the system is called Real. 
b) Ideal system In pencil and paper work, the system treated is called ideal. 

An ideal system is always considered to simplify the 
thermodynamic problems. 

c) Isolated system A system is said to be isolated when it can neither exchange 
energy nor matter with its surroundings. 

d) Closed system A system is said to be closed when it permits passage of 
energy but not mass, across the boundary. 

e) Open system A system which can exchange both energy and matter with 
its surroundings. 

 
2.2 Homogeneous & Heterogeneous System  
 
 A system is said to be homogenous if it is completely uniform throughout. It consists of only 

one phase. A system is said to be heterogeneous if it is not completely uniform throughout. 
It consists of two or more phases. 

 
2.3 State of System (State Variables)  

The quantities whose value serves to describe the system completely are called the 
thermodynamic properties of the system. Once the properties of the system are 
completely specified, one says that the state of the system is specified. Thus, the 
defining properties are sometimes called state variables or state properties. Examples of 
state properties are pressure, volume, temperature and composition. 

When we are considering a closed system consisting of one or more components, mass 
is not a state variable. 
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In order to define the state of a homogeneous system having more than one substance, 
one must consider and describe each of the phases of the system. For each phase, one 
must specify the content (i.e.) the amount of each substance present, and two other 
independent variables. 

In order to define a system completely, the state variables are generally (T), Pressure 
(P) Volume (V) and number of moles (n). Besides these there are two more variables. 
Work (W) and heat (q), which are not state properties. These six variables play an 
important role in defining chemical systems completely. 

 
2.4 State Function & Path Function  
  
 A property which depends only on the initial & final state of the system but not on the path 

by which the initial state is converted to final state is called a state function. 
 e.g. pressure, volume, temperature, U, H, S &G. 
  
 A quantity which depends on the path or route by which the system reaches from initial 

state to final state is called path function. e.g. work  & heat. 
 
 

2.5  Properties of System  

 The observable properties of system are of two types: 
a) Extensive Properties: There are some properties called Extensive properties 

whose values are proportional to the mass of the portion of the system or one can 
say that extensive properties are dependent upon size of the system. 

b) Intensive Properties: There are some properties of a system called intensive 
properties, whose values are independent of the quantity of matter contained in the 
system. 

 
 
 
 
 
 
 
 
 
 
2.6  Thermodynamic processes 
 
 The operation by which a system changes from one state to another state is called a 

process. 
 
1.  Isothermal process: The process is termed isothermal if temperature remains constant i.e. 

for an isothermal process ΔT = 0 and ΔE = 0 . 
 
2.  Adiabatic process: A process is carried out under such condition that no exchange of heat 

takes place between the system and surroundings i.e. dq = 0. 
 

3. Isobaric process:  The process is known as isobaric in which the pressure remains 
constant throughout the change i.e. ΔP = 0 . 

 

Extensive Property Intensive Property 
Volume Molar volume 
No. of moles Density 
Mass Refractive index 
Free Energy Surface tension 
Entropy Viscosity 
Enthalpy Free energy per mole, specific heat 
Heat capacity Pressure, Temperature, Boiling Point, Freezing 

Point 
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4.  Isochoric process: The process is termed as isochoric in which volume remains constant 
throughout the change i.e. ΔV = 0. 

 
5. Cyclic process: When a system undergoes a number of different states by different 

processes and finally returns to its initial state, it is said to have completed a cycle and the 
process is called a cyclic process. i.e.  E = 0 and also H = 0. 

 
6. Reversible process: The process which occurs infinitesimally slowly i.e. opposing force is 

infinitesimally smaller than driving force and infinitesimal increase in the opposing force can 
reverse the process.  

 
7. Irreversible process: The process goes from initial to final state in a single step or finite 

number of steps in finite time and cannot be reversed exactly by small changes in P, V, T 
etc.  

 
2.7 Thermodynamic equilibrium 
  

A system in which the macroscopic properties do not undergo any change with time is said 
to be in thermodynamic equilibrium. 

 The term Thermodynamic equilibrium implies three types of equilibriums i.e., thermal 
equilibrium, mechanical equilibrium and chemical equilibrium. 

 A system is said to be at thermal equilibrium if there is no flow of heat from one portion of 
system to another. This is possible if temperature of system remain constant throughout in 
all part of system. 

 A system is said to be under mechanical equilibrium if no mechanical work is done by one 
part of the system on another part. This is possible if pressure of the system remain 
constant throughout in all parts of the system. 

 A system is said to be in chemical equilibrium if the composition of various phases in the 
system remains the same throughout.  

 When all these three equilibrium established then it system is in thermodynamic equilibrium  
 
 
3. THERMODYNAMIC VARIABLES 

 
 3.1 Internal energy (U or E) 
   
 It is the energy associated with a system by virtue of its molecular constitution and the 

motion of its molecules. The contribution of energy due to molecular constitution is known 
as internal potential energy and the contribution of energy due to the motion of molecules is 
called internal kinetic energy. Internal energy of a system is given by the sum of these two 
types of energy.   

 Every substance possesses a definite amount of energy which depends upon factors such 
as composition of the substance, temperature and pressure. This is called intrinsic or 
internal energy (E). 

   E = ET + ER + EV + EB + EE ……… 
 Where ET =Translational energy, ER =Rotational energy, EV =Vibrational energy,  

EB = Bonding energy and EE = Electronic energy. 
Internal energy of a system is a state function and its absolute value can not be calculated 
but its change can be determined. When the system undergoes a change in its state, the 
internal energy change is given by 

  E = E2 E1 
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 Where E1 = Internal energy in the initial state and E2 = Internal energy in the final state. 

 In a chemical reaction, E = EP ER 

 Where EP = Internal energy of products and ER = Internal energy of reactants. 
  
 

3.2 Enthalpy (H) 

 When we deal certain process in open vessels (at constant pressure). It becomes 
essential to introduce in place of internal energy, a new thermodynamic function called 
heat enthalpy. This new function is denoted by H. 

          H = E + PV  
Every substance has a definite value of enthalpy in a particular state. It is also a  
state function like internal energy. The change in enthalpy accompanying a process can be 
determined as 

 H = H2 – H1 

 or H = (E2 + P2V2) – (E1 + P1V1) = (E2 – E1) + (P2V2 – P1V1) 
 or H = E + PV 
 If P is maintained constant 
 H = E + PV 
 Hence the change in enthalpy of the system H may be defined as the amount of heat 

absorbed at constant pressure. 

3.3 Heat (Q orq) 
  

 Heat may be defined as the quantity of energy which flows between a system and its 
surroundings on account of temperature difference. Heat always flows from high temperature 
to low temperature. 

  
 Heat Capacity of a System: 
 The heat capacity of a system between any two temperatures is defined as the amount of heat 

required to rise the temperature of the system from lower to higher value 

   
2 1

qC
T T




 

Sign Convention: 
 According to IUPAC system. 

 (i)  Heat flowing into the system,      q = + ve.  
 (ii)  Heat flowing out of the system, q = - ve 

 
3.4  Work (w) 

In thermodynamics, work is generally defined as the force multiplied by the distance. If the 
displacement of body under the force F is ds, the work done will be, 

W = Fds 

The symbol W stands for the small amount of work and also the inexactness of the 
function. Several things should be noted in the definition of work. 
a) Work appears only at the boundary of the system 
b) Work appears only during a change in state 
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c) Work is manifested by an effect in the surroundings 
d) Work is an algebraic quantity. It is positive if the work has been done by the 

surroundings. It is negative if the work has been done by the system. 
 e) In SI system of units, work is expressed in Joule or Kilojoule 1J = 1 Nm. 

 
Types of work  
1. Gravitational work = (mg) × h, where m = mass of body, g = acceleration due to gravity,  

h = height moved. 
2.  Electrical work = charge × potential = q × V  
3.  Mechanical work = Pext (V2 - V1) = Pext   ∆V where Pext = external pressure, 

∆V= increase or decrease in volume. 
 
 

 WORK INVOLVED IN EXPANSION AND COMPRESSION PROCESSES 
  
 In most thermodynamic calculations we will be dealing with the evaluation of work involved in 

the expansion or compression of gases. If the volume of the system is increased against 
some pressure (constant or varying), then the work is done by the system on the 
surroundings (or the work is produced) and is, by convention, given a negative sign. On the 
other hand, if the volume of the system is decreased, then the work is done by the 
surroundings on the system (or the work is destroyed) and is given a positive sign. 

  
Essential Criterion of Expansion/Compression 

 The essential criterion of expansion / compression is that there should exist a difference 
between the internal pressure of the system and the external pressure. Suppose a gas is 
contained in a cylinder fitted with a piston. The latter is assumed to be weightless and 
frictionless. The piston can be held anywhere against a set of stops. Let the piston be initially 
held at stops S1.  

 
Process of expansion of a gas  

 If the stops are now removed, then the position of the piston will be decided by the external 
pressure which can be controlled by putting different masses on the piston. If m is the mass 
that is put on the piston, then the force F acting downwards is F = mg and the pressure acting 

downwards ext
F mgp
A A

   where A is the area of cross section of the piston.  

 If the external pressure is greater than the internal pressure of the system, the piston moves 
downward. The volume of the system will decrease and it continues to decrease till the 
external pressure becomes equal to the internal pressure of the system. If the external 
pressure is smaller than the internal pressure, the piston moves upward resulting in 
expansion. Again, the volume will continue to increase till the external pressure becomes 
equal to the internal pressure. We can stop the expansion or compression in between by 
providing a set of stops at that stage. During the process of expansion or compression, we 
can change the external pressure. Thus, the process can be achieved either in one-stage or 
in multistage. In the latter, the external pressure may be different in each stage. 
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Mathematical Expression of Work 
 By definition, the work involved is given by: 
  w   (External force) (Distance through which piston moves) 

 or Forcew
Area of crosssection of piston

 
  

 
 (Area of cross section of piston) 

   (Distance through which piston moves) 
 or extw p ( V)    ( V =areadistance)       
 where V  is the change in volume of the system. If the piston moves by an infinitesimal 

amount, the work involved is given by 
  extdw p dV   

3.5 First law of thermodynamics 

 Energy may be converted from one form to another, but it is impossible to create or destroy 
it. There are various ways of expressing the first law of thermodynamics. Some of the 
selected statements are given below: 

i)  When work is transformed into heat or heat into work, the quantity of work is 
mechanically equivalent to the quantity of heat. 

ii)  Energy of an isolated system must remain constant, although it may be transformed 
from one form to another. 

iii)  Energy in one form, if it disappears will make its appearance in an exactly equivalent 
in another form. 

iv) It is never possible to construct a perceptual motion machine that could produce work 
without consuming any energy. 

 Mathematical Formulation of the First Law 

 Suppose a system absorbs a quantity of heat q and its state change from A to B (fig – 1). 
This heat is used up, in increasing the internal energy of the system i.e. E = EB – EA 

Volume 

Pr
es

su
re

 


A

B

I
II

Fig. 1  

 To do some external work ‘w’ by the system on its surroundings.  
 From the first law, we get. 
 Heat absorbed by the system  = change in internal energy + work done by the system 
           = change in internal energy - work done on the system 
 q = E - w  
 q +w= E …..(1)  

 Differential form of the First Law  
 For an infinitesimal process, above equation takes the form 

    q + w = dE   …2 
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a)    Change in internal energy is independent of the path taken. So in mathematical 
terms, an exact differential is always denoted by a notation d, e.g. dE in equation 
(2). 

b)     q and w are not state functions because changes in their magnitude is dependent 
on the path by which the change is accomplished. Mathematically q & w are not 
exact differentials and we always write the inexact – differential by q, w etc. 

c)     For a cyclic process, the change in the internal energy of the system is zero 
because the system is brought back to the original condition. 

    dE  = 0 

    or q = - w  i.e. the total work obtained is equal to the net heat supplied. 

d)     In an isolated system, there is no heat exchange with the surrounding i.e. q = 0 

    w = dE 

 The sign convention: According to latest S.I. convention, w is taken as negative if work is 
done by the system whereas it is taken as positive if work is done on the system. When 
heat is given by the system to surrounding it is given as negative sign. When heat is 
absorbed by the system from the surrounding then positive sign is given. 

   
4. THREMODYNAMIC PROCESSES  
 
4.1 Heat Capacity 
  It is defined as the quantity of heat required to raise the temperature of the system by one 

degree. 

  i.e.  C = dq
dT

 

  where C = Heat capacity, dq = Amount of heat absorbed by the system  

  and   dT = Rise in temperature. 

  Its unit is J K1 or J /°C. 

Larger the sample, greater is its heat capacity. It is therefore, common to use specific heat capacity 
(specific heat) or molar heat capacity. 

 Specific heat 
  The amount of heat required to raise the temperature of 1 gm of a substance by  
  1 degree is called specific heat. 

   Specific heat  = 
)gmin(mass

capacityHeat  = 
)gmin(massetemperaturinRise

absorbedHeat


 

  Molar heat capacity = Heat capacity
Number of moles

 

  Units of specific heat & molar heat capacity are J K1 g1 and J K1 mol1 respectively. 
  Now, heat supplied = Mass  specific heat  rise in temperature. 
  i.e. q = m  CsT  

The heat capacity of a system, especially in a gaseous system determined at constant 
volume is different from that at constant pressure. 
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  At constant volume, qv = E. (As w = 0 at constant volume) 
  So, heat capacity at constant volume per mole, 

   
v

V dT
dEC 






   

  At constant pressure, qP = H. 
  So, heat capacity at constant pressure per mole, 

   
P

P dT
dHC 






    

Where CP& CV are molar heat capacities at constant pressure & constant volume 
respectively. The heat capacity at constant pressure (CP) is “generally” larger than that at 
constant volume (Cv) because at constant pressure, a part of heat added to the 
substance may be used in work of expanding whereas at constant volume all the added 
heat produces a rise in temperature. The term “generally” has been used because 
substances generally expand with increase of temperature at constant pressure, but in 
exceptional cases, there may be a contraction, e.g. water between 1° & 4°C. 

 
 THE RELATIONSHIP BETWEEN Cp AND Cv FOR AN IDEAL GAS  

At constant volume, the heat capacity, C is denoted by Cvand at constant pressure, this is 
denoted by Cp. Let us find the relationship between the two. 

 We can write equation for heat, q  
 at constant volume as    V Vq C T U  
 at constant pressure as    P Pq C T H  
 The difference between P VC and C  can be derived for an ideal gas as : 
 For a mole of an ideal gas,     H U (pV)  
     U (RT)  
     U R T  
 
       H U R T         
   
 On putting the values of  H and U , we have 
      P VC T C T R T  
   P VC C R   P VC C R  
 
Poisson’s ratio ( ) 
  /P VC C   

 for mono atomic gases,  3 5, , & 1.66
2 2V PC R C R     

 for diatomic gases  5 7, , & 1.4
2 2V PC R C R     

 for Tri atomic gases     6 8, , & 1.33
2 2V PC R C R     
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4.2  Thermodynamic changes in isothermal Process 
 
Expressions for q, w, U  and H  

 Temperature remains constant throughout the process of expansion. Since for an ideal gas, 
the internal energy ( U ), depends only on temperature, the internal energy of the gas remains 
constant. 
 i.e.  U  = 0 
 From 1st law of thermodynamics, 

  U   = q + w; For isothermal process, U = 0, hence  
    q = -w 
 

The enthalpy change of the system is also zero as  
  H  = (U pV) U (pV)       
   = U (nRT) U nR( T)        
                  = 0 + 0 = 0  

 In the case of isothermal expansion, work is done by the system at the cost of heat absorbed. 
The magnitude of ‘q’ or ‘V’ depends on the manner in which the process of expansion is carried 
out i.e. reversibly or irreversibly. 

 
(a) Work-done in Reversible isothermal expansion 
 
 Let us consider a non-insulated cylinder fitted with a weightless and frictionless piston 
containing an ideal gas. Let P be the pressure of the gas which equals external pressure, Pext 

    Pext = P 
 An infinitesimal expansion in volume, dV, results from an infinitesimal decrease in the external 

pressure, say dP. Consequently, the pressure of the gas inside the cylinder falls to   
   (Pext - dP) i.e. it equals again to the external pressure and the piston come to rest again. 

 

 
 
 

work done by the gas in each step of expansion is  
 

dw = -(Pext - dp) dV = -Pext dV = -PdV  
 The expression for the work involved in an isothermal expansion or compression from 

volume V1 to V2 can be worked out as follows: 
 Since  extdw p dV  , therefore 

  
2

1

V

ext
V

w p dV    

 In the reversible change of volume, the opposite pressure differs from the pressure of the 
gas by an infinitesimal amount, i.e., 

  ext intp p dp   
 Where +ve and – ve signs are meant for compression and expansion processes, 

respectively. 
  

Substituting this in the previous expression, we get 

Pext (P - dp)ext 

dV

P (P - dp)
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2 2 2

1 1 1

V V V

int int
V V V

w (p dp) dV p dV dp dV         

 The second integration can be neglected, since it is the product of two infinitesimal small 
differentials. For an ideal gas, intp  is given by 

  int
nRTp

V
  

 With this the previous expression becomes  

  
2

1

V

V

nRTw dV
V

    

 Since temperature remains constant in an isothermal process, we have 

  
2

1

V
2

1V

VdVw nRT nRT ln
V V

            

 In terms of pressure, we have 

  1

2

pw nRT ln
p

            

 Hence, for an isothermal reversible expansion or compression, we have 

  2 1

1 2

V pq w nRT ln nRT ln
V p

     

  U H 0     
 
Example 1: One dm3 of an ideal gas at a pressure of 1.0133 Mpa expands reversibly and 

isothermally from its volume to 10 dm3. How much of heat is absorbed and how 
much of work is done in expansion? 

Solution: For an ideal gas undergoing reversible volume change, we have 

   2

1

Vq w nRT ln
V

    

The temperature in the above expression can be replaced in terms of p1 and V1by 
using the ideal gas equation. Thus  

   2
1 1

1

Vq (p V ) ln
V

  

  Substituting the values of p1, V1 and V2, we have 

   q = (1.0133 MPa) (1 dm3)  2.303 
3

3

10dmlog
1dm

 
 
 

 

   = 2.3336 MPa dm3 = 2.3336 kJ 
 
(b) Work done in irreversible isothermal expansion 
 Two types of irreversible change in volume may be distinguished, namely, expansion 

against a zero pressure (free expansion) and expansion or compression against a constant 
pressure (intermediate expansion or compression). The changes in q, w, U and H   for 
these processes are given below. 

 
Free expansion 
 Here  
  extp 0           
 Therefore  extw dw p dV 0            
 Thus,  q w 0    
   U H 0      
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Intermediate expansion or compression 
 Here, the work is done against a constant external pressure. 

 Therefore  
2

1

V

ext ext 2 1
V

w p dV p (V V )           

 Hence, in the present case, we have 
   ext 2 1q w p (V V )     
   U H 0     
 It may be mentioned here that the magnitude of work involved in an intermediate expansion 

process will be less than that involved in the reversible expansion. Consequently, less heat 
will be absorbed in the case of intermediate expansion. On the other hand, the work 
involved in the intermediate compression process is larger than that involved in the 
reversible compression. Consequently, more heat will be released in the case of 
intermediate compression. 

 
Example 2:  (a)Five moles of an ideal gas at 293 K are expanded isothermally from an initial 

pressureof 0.4053 MPa to a final pressure of 0.1013 MPa against a constant 
external pressure of 0.1013 MPa. Calculate q, w, U and H  . 

     (b) Calculate the corresponding values of q, w, U and H   if the above process is 
carried out reversibly. 

 Solution: (a) For an isothermal expansion against a constant pressure, we have 

   ext 2 1 ext ext
2 1 2 1

nRT nRT 1 1w p (V V ) p nRT p
p p p p

   
           

   
 

  Substituting the values, we get 
   1 1w (5.0mol) (8.314 J K mol )    (293 K) (0.101 3 MPa)  

   1 1
0.1013MPa 0.4053MPa

 
  
 

 

   = – 9135.77 J  9.136 kJ 
  Since temperature is constant  
   U 0, H 0 and q w       
     (b) For an isothermal reversible expansion, we have 

   2 1

1 2

V pw nRT ln nRT ln
V p

     

  Substituting the values, we get 

   1 1w (5.0mol)(8.314 J K mol )(293K) 2.303 log     0.405 3MPa
0.101 3MPa

 
 
 

 

   16 889 J 16.889 kJ     

Example 3:  70 gms of nitrogen gas was initially at 50 atm and 25°C 
     a) It was allowed to expand isothermally against a constant external 

pressure of one atmosphere. Calculate, U, Q and W assuming the 
gas to behave ideally. 

     b)  Also find out the maximum work that would be obtained if the gas 
expanded reversibly and isothermally to one atmosphere.  

Solution:   a)  Amount of gas n = 
28
70  = 2.5 moles  

      Initial pressure; P1 = 50 atm 
      Final pressure  = 1 atm 
      Since the gas is ideal, U = 0, as the temperature is constant. 
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      The work obtained w = P2 (V2 – V1) 

      P2 









12 P
nRT

P
nRT = 

21

212

P P
)PP(nRTP   

      = 
150

)150(129825.2


  

      = 1.5 Kcal 

     b)  The maximum work for its isothermal reversible expansion. 

      W = nRT ln
2

1

P
P  

      = 2.303  2.5  2  298 log 
1

50  = 5.8 Kcal 

 
 

4.3 Thermodynamic changes in adiabatic process 
  
 In adiabatic expansion or compression process heat is neither allowed to enter nor leave 

the system. Therefore  
  q = 0          (1) 
 So, according to the first law of thermodynamics, U q w   , we have 
  U w           (2) 
 If there is an expansion, w will be negative and, therefore, U  will be negative, i.e., there 

will occur a decrease in the internal energy of the system and hence its temperature will fall. 
This amounts to the fact that the work is done by the system at the expense of internal 
energy. 

  If there is a compression, w will be positive and, therefore, U  will also be positive, 
i.e., there will occur an increase in the internal energy, and hence its temperature will rise. 
Here, the work is done by the surroundings on the system, which is stored as the internal 
energy. 

 
Expression for q, w, U  and H  
  
 We have seen above that  
  q = 0  and w = U  
 The change in the energy can be calculated as follows. 
 Writing the differential of U, we get 

  
V T

U UdU dT dV
T U
            

 

 But for an ideal gas T( U / V) 0   . Therefore  

  
V

UdU dT
T
    

 

 Hence  dU = nCV, m dT 

 For a finite change, we have 
  U = U2 – U1 = nCV,m (T2 – T1)      (3) 
 Thus, we have 
  V,m 2 1w U nC (T T )           (4) 
 The change in enthalpy is given by 
  H (U pV)     
   = U (pV) U nR T        
   = nCV,m (T2 – T1) + nR(T2 – T1) = n(CV,m + R) (T2 – T1) 
 or p,m 2 1H nC (T T )          (5) 
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 Expressions as given by Eqs. (1) – (5) are applicable to any type of adiabatic processes 
(reversible, irreversible, free). However, the final temperature will be different in each case 
and hence w, U and H   will be different. We proceed now to calculate these quantities for 
the two types of expansion or compression processes, namely, reversible and irreversible. 

 
(a) Reversible Expansion or Compression Process 

 We have 
  ext intw dw p dV p dV        
 The integration in the above expression cannot be performed directly, because pint is a 

function of both T and V and both variables are changing in an adiabatic expansion or 
compression process. However, if the final temperature is available, the values of q, w, 

U and H   can be determined using Eqs. (1) – (5). However, if the final temperature is not 
available, but the final pressure or volume is available, the first step is to calculate the final 
temperature form the expression which relates the initial and final temperatures to the 
respective volumes or pressures. Such expressions can be derived as follows. 

 
Relationship between T and V 
 From Eq. (2), we have 
  dU = dw 
 Since dU = nCV,m dT and dw = -popp dV, therefore 
  nCV,m dT = -popp dV 
 For a reversible process 
  popp = pint   dp intp  
 Thus nCV,m dT = -pint dV 
 For an ideal gas pint = (nRT/V), therefore 

  nCV,m dT = V,m
nRT RTdV or C dT dV

V V
    

 (Note that CV,m is molar heat capacity. The above equation will also be true for more than 1 
mole of an ideal gas.) 

  Thus for a finite change, we have 

  
2 2

1 1

T V

V,m
T V

dT dVC R
T V

    

 If CV,m is considered independent of temperature, then 

  2 2
V,m

1 1

T VC ln R ln
T V

   
    

   
       (6) 

 or 
V ,mC R

2 2

1 1

T Vln ln
T V


   

   
   

 or 
V,mC R R

2 2 1

1 1 2

T V V
T V V


     

      
     

 

 Therefore V ,m V,mC CR R
2 2 1 1(T ) (V ) (T ) (V )  

 The above expression implies that  
  V,mC RT V constant        (7) 
 The alternate form of this expression are  

  

V,m

V ,m

R / C

C / R

1

T V constant

or T V constant
or T V constant


 
 

 

   (where p,m V,mC / C  & p,m V,mR C C  )     (8) 
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Example 4: 20 g of N2 at 300 K is compressed reversibly and adiabatically from 20 dm3 to 10 
dm3. Calculate the final temperature, q, w, U and H  . 

 Solution: Amount of N2 = 1

(20g) 0.714mol
(28g mol )   

   T1 = 300 K ;  V1 = 20 dm3 ;   V2 = 10 dm3 
  For an adiabatic reversible process 
   V ,m V ,mR / C R / C

2 2 1 1T V T V  

  Thus  
V,mR / C 2/ 53

1
2 1 3

2

V 20dmT T (300 K)
V 10dm

   
     

  
 (300 K) (1.32) = 396 K 

  Hence  1 1
V,m 2 1

5U w nC (T T ) (0.714 mol) 8.314J K mol (96 K)
2

        
 

 

          = 1 424.69 J 

   1 1
p.m 2 1

7H nC (T T ) (0.714 mol) 8.314J K mol (96K)
2

       
 

 

          = 1 994.56 J 
 
Relationship between T and p 
 Replacing V in Eq. (7) by RT/p, we get 

  V ,m

R
C RTT

p
 

 
 

constant 

 or p ,mC RT p   constant       (9) 
 The alternate forms of this expression are    

  

p,m

p,m

R /C

C / R

(1 ) /

/(1 )

T p constant

T p constant
T p constant
T p constant





 

 




 


 
 

       (10) 

 
Relationship between p and V 
 
 Replacing T in Eq. (7) by pV/R, we get  

  
V ,mC

RpV V
R

   
 

constant 

 or p ,mV ,m CCp V  constant       (11) 
 The alternate form of this expression is 
  PV constant   where p,m V,m(C / C )     (12) 
 After calculating the final temperature from either Eq. (7) or Eq. (9) we can use 
 Eqs. (1) – (5) to calculate q, w, U and H  . 
 

Example 5:  A sample of a gas initially at 27°C is compressed from 40 litres to 4 litres 
adiabatically and reversibly. Calculate the final temperature (Cv = 5 cal/mole) 

 Solution:   Assuming ideal behaviour  
     Cp = Cv + 2 = 7 cal / mole 
      = Cp/Cv  = 7/5 
     If T be the final temperature thus  
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1

4
40

300
T 








  

     T = 300  (10)7/5-1  = 753.6°K 

(b) Irreversible Expansion or Compression Process  
 Here again, we consider two cases, namely, free expansion and intermediate expansion or 

compression processes. 
Free expansion 
 In a free expansion, we have 
  extp 0  
 Thus extdw p dV 0    
 Now according Eq. (2), we have 
  dU = 0 
 Since, for an ideal gas, U = f(T), it follows that the temperature of the gas after expansion 

remains unchanged. 
 Now dH = dU + d(pV) = dU + d(nRT) = dU + nR dT 
  = 0 + 0 = 0 
 For a finite change, we will have 
  w 0,  U = 0, T = 0,  H = 0 
 Comparing these changes of properties with those of the isothermal free expansion, we find 

that the adiabatic irreversible free expansion of an ideal gas is identical with the isothermal 
free expansion. 

 
Intermediate expansion or compression 
 
 Here the work is involved against a constant external pressure and is given by 
  ext 2 1w p (V V )          (13) 
 Substituting this in Eq. (2), we get         
  ext 2 1w U p (V V )           (14) 
 For an ideal gas, U  is given by  
  V,m V,m 2 1U nC T nC (T T )          (15) 
 The expression for H  is 
  p,m p,m 2 1H nC T nC (T T )          (16) 
 Eliminating T  from Eqs. (15) and (16), we get 

  p,m
p,m

V,m V,m

CUH nC U U
nC C


           (17) 

 Equation (14) can be employed to calculate w and U from the given values of pext, V2 and 
V1. Knowing U , we can calculate H  by using Eq. (17). 

 
Calculation of temperature 
 In some expansion or compression processes, the values of popp, p1, p2 and T1 are 

provided. In such a case, first of all we calculate the temperature of the gas after the 
expansion or compression. This can be done as follows. 

 Equating equations. (14) and (15), we get 
  V,m 2 1 ext 2 1 ext 1 2nC (T T ) p (V V ) p (V V )       
 Replacing V2 and V1 in terms of T and p, we get 

  1 2
V,m 2 1 ext

1 2

nRT nRTnC (T T ) p
p p

 
   

 
     (18) 

 For a special case, where pext = p2 (the pressure of the gas after expansion), we get 
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  1 2
V,m 2 1 2

1 2

RT RTC (T T ) p
p p

 
   

 
     (19) 

 Rearranging this, we get 

  V,m 2 1
2 1

p,m

C R p / p
T T

C
 

   
 

      (20) 

 After knowing T2 from Eq. (20) (or from Eq. 18 if pext is not equal to p2), we can calculate 
U and H   from Eqs. (15) and (16) respectively. 

 
Example 6:  2.0 mol of an ideal diatomic gas at 300 K and 0.507 MPa are expanded adiabatically 

to a final pressure of 0.203 MPa against a constant pressure of 0.101 MPa. Calculate 
the final temperature, q, w, U and H   

Solution:  For an adiabatic process q = 0 

   2 1
ext 2 1 ext 2

1

nRT nRTw p (V V ) p
p p

 
      

 
 

   U w   

  i.e. 1 2
V,m 2 1 ext

1 2

T TnC (T T ) p nR
p p

 
   

 
 

  CV,m for a diatomic molecule 5 R
2

  

  Substituting the expression of CV,m in the previous expression, we get 

   1 2
2 1 ext

1 2

T T5n R (T T ) p nR
2 p p

       
   

 

  Substituting the values, we get 

  2
2

T5 300K(T 300 K) (0.101MPa)
2 0.507 MPa 0.203MPa

 
   

 
 

  Solving for T2, we get, T2 = 270 K 

  Thus 1 1
V,m 2 1

5U nC (T T ) (2.0 mol) 8.314JK mol (270K 300K)
2

         
 

 

          = 1 247.1J  
   1 1H U nR( T) 1 247.1J (2.0 mol) (8.314 J K mol ) ( 30K)           
          = 1745.9 J  
 
4.4Graphical representation of thermodynamic processes 
 
Graphically, different processes can be represented as 
 

     
WORK AS AREA UNDER GRAPH 
Let a gas compressed from Vi to Vf by an external pressure of Pext . The work done can be 
calculated by the shaded area as shown in fig. Work is +ve since Vi> Vf 
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      As w = -Pext∆V = Area under the curve and x-axis 
Let a gas is expanded from Vi to Vf against  an external pressure of Pext . The work done can be 
calculated by the shaded area as shown in fig. Work is -ve since Vi< Vf 
  

      
 
Work in a cyclic process is given by area enclosed by the cycle. 

     
 
5. THERMOCHEMISTRY 

Thermochemistry deals with the transfer of heat between a chemical system and its 
surroundings when a change of phase or a chemical reaction takes place within the system. 
In general, a chemical reaction can be either exothermic or endothermic. In the former 
case, heat is released to the surroundings when the reactants at a given temperature and 
pressure are converted to the products at the same temperature and pressure, and in the 
latter heat is absorbed by the system, from the surroundings.  
Standard States:  In the computation of heat of reactions it is a convention to assume that 
the heat of formation of elements in their standard states is zero. The standard state is 
taken as 1 atm pressure and at a constant temperature. Standard states for various forms 
of matter are summarized below: 

 
State Standard State 

Gas  Ideal gas at 1 atm and the given temperature  
Liquid  Pure liquid at 1 atm and the given temperature  
Solid  Stable crystalline form at 1 atm and given  T (e.g. 

graphite form of carbon, rhombic form of sulphur) 
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 At standard state the heat of reactions are denoted by oE or oΔH  at given 
temperature. 

Sign conventions: If the heat is absorbed by the system (q>0) then the reaction is said to 
be endothermic and E or H value is given a positive sign. If the heat is evolved (q<0) 
the reaction is said to be exothermic, and E or H values is given negative sign. 

 For exothermic reactions (q < 0) 
 For endothermic reaction, (q > 0) 

 Like any other transfer of heat, the heat of a chemical reaction depends upon the conditions 
that hold during the process by which it is carried out. 

 Condition I: 
If the volume of the system is kept constant, no work is done on the system and the first law 
of thermodynamics reduces to 

  E = qV 
This condition is excellently approximated when the reaction is carried out in a bomb 
calorimeter, where the volume remains constant. 

 Condition II: 
During the course of an experiment under ordinary benchtop conditions, the pressure is 
kept constant. Many calorimeters operate at this constant atmospheric pressure. Then, we 
have 

  H = qp 
The heat of reaction measured at constant pressure is exactly equal to the change in 
enthalpy of the reaction system. 

It is often necessary to use data obtained with bomb calorimeter which give E in order to 
calculate H. 

 We know that, H = E + (PV) 
If all the reactants and products are liquids or solids, the PV values change only slightly 
during the reaction, provided the pressure is low (say 1 atm). In such cases, qP ~  qv. 

For reactions in which gases are involved, the values of (PV) depends on the change in 
the number of moles of gas as a result of reaction. 

  (PV) = ng(RT) 

  H = E + ngRT 

  ng = change in moles for gaseous species 
Constant pressure processes are much common in chemistry. Therefore, usually when 
ever we speak of heat of reaction, it implies enthalpy change at constant pressure. 
 

5.1 Heat of reaction 
It is defined as the amount of heat evolved or absorbed when the reacting species, as 
represented by a balanced chemical equation have completely reacted. 

 Enthalpy or heat of reaction is given by H = HPHR. 

 FACTORS AFFECTING HEAT OF REACTION 
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(I) PHYSICAL STATE OF REACTANTS AND PRODUCTS 
 Physical state always affects the heat of reaction as heat energy is involved in changing the 

physical state of a substance. For example, 

  H2(g) + ½ O2(g)  H2O(g) ; H =  57.8 kcal 
  H2(g) + ½ O2(g)  H2O(l) ; H =  68.32 kcal 

 Difference in the value of H is observed because heat is evolved when steam condenses. 
(II) ALLOTROPIC FORMS OF THE ELEMENT 

 The value of H also depends on the allotropic form used in the reaction. For example, 

  C(diamond) + O2(g)  CO2(g)  ;  H =  94.3 kcal 
  C(amorphous) + O2(g)  CO2(g) ; H =  97.6 kcal 

 The difference between the two values is equal to the heat absorbed when 12 g of diamond 
is converted into 12 g of amorphous carbon. This is called heat of transition. 

  C(diamond)  C(amorphous); H = 3.3 kcal. 

 (III) TEMPERATURE 
 Enthalpy of reaction also depends on temperature at which the reaction is carried out. This 

is due to variation in the heat capacity of the system with temperature. 

 Relation between H or E and temperature are given by Kirchoff’s equation. 

  (H2H1) = CP (T2T1) 
  (E2E1) = CV (T2 T1) 
 The above relations may be derived as follows: 
 For a reaction at constant pressure, H = HP HR 
 Differentiating it w.r.t. T at constant P, we get 

  
PdT

Hd






  = 

P

R

P

P

dT
dH

dT
dH

















  =   RPPP )C(C  = CP 

 or d(H)   = CPdT 
 Integrating this equation within appropriate limits, we get 

   
2T

1T

2T

1T
P dTC)H(d  

 1T2T HH   = CP (T2 T1) 

 
)T(T

ΔHΔH

12

TT 12




= CP  

 This equation is used to find heat of reaction at a temperature when it is known at another 
temperature.  

 Similarly, 
)T(T

ΔEΔE

12

TT 12




= CV  

 
Example 7:Consider a reaction, 
 H2O(g)  H2(g) + ½ O2(g) ; H° = 241.750 J at 291.15 K. 
 What would be H° at 298.15 K? Over the small temperature range, the effectively 

constant CP values per mole are 
 CP(H2O) = 33.56,    CP(H2) = 28.83  ;  CP(O2) = 29.12 JK1 mol1. 
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Solution: (a) 
15.29115.298

HH 15.29115.298


 

 = CP 

  Now, CP = CP(H2) + ½ CP(O2)  CP(H2O) = 28.83 + 56.33
2
12.29

  = 9.83 J K1. 

  
298H = 241.820 J 

Example 8: For Ag, PC (JK1 mol1) is given by 23.43 + 0.00628 T. Calculate H if 3 mol of 
silver are raised from 25°C to its melting point 961°C under 1 atm pressure. 

Solution: At constant P for 1 mole, 

  H = 
2T

1T
PdTC =  

2T

1T

dT)T00628.043.23(  

  H = 23.43 (T2 T1) + 
2
1 )TT(00628.0( 2

1
2
2   Jmol1. 

 Since, T1 = 273.15 + 25 = 298.15 K and T2 = 273.15 + 961 = 1234.15 K. 

 (T2 T1) = 936 K 

 H = 23.43(936) + ½ (0.00628) [(1234.15)2 (298.15)2] = 21930 + 4500 

  = 26430 J/mol. 

 For 3 mol, H = 3(26430) J = 79290 J 
 
5.2   Law of Thermochemistry 
 

1. Lavoisier and Laplace Law: According to this “enthalpy of decomposition of a compound 
is numerically equal to enthalpy of formation of that compound with opposite sign. e.g. 

   2 2C(s) O (g) CO (g) ; H = -94.3 kcal    
   2 2CO (g) C(g) O (g) ; H = + 94.3 kcal    

  In general   
   A + B C + D H    
   C + D A + B H      

 
2. Hess’s Law of Constant Heat Summation: For a chemical equation that can be written as 

the sum of two or more steps, the enthalpy change for the overall equation is equal to the 
sum of the enthalpy changes for the individual steps. Thus, Hess’s law enables us to break 
down a reaction into so many intermediate steps and passing to each step an individual 
enthalpy change. The sum of the individual changes must, of course, equal the overall 
enthalpy change provided the initial and final states are the same in each case. 
 

     
 

For the above example   
 
   1 2H H H      

H (g) + O (g)2 2
H° = - x kJ mol-1

Route A H O( ) +      O (g)2 2l 1
2

H ° = - y kJ mol1
-1 H ° = - z kJ mol2

-1

H O ( )2 2 l
Route B
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An energy level diagram for the above reaction cycle is shown in figure 
 

 
 

Applications : 
1.  In the determination of several heats of reactions like heat of formation, heat of 

transition, heat of combustion etc. 
2. In the determination of lattice energy of crystals, electron affinities of elements, 

enthalpy of dissociation of acids etc using Born-Haber cycle. 
 

5.3 Calorimetry 
We can measure energy changes associated with chemical or physcial processes by an 
experimental technique called calorimetry. In calorimetry, the process is carried out in a vessel 
called calorimeter, which is immersed in a known volume of a liquid. Knowing the heat capacity of 
the liquid in which calorimeter is immersed and the heat capacity of calorimeter, it is possible to 
determine the heat evolved in the process by measuring temperature changes. Measurements are 
made under two different conditions :  
(i) at constant volume, qV 

(ii) at constant pressure, qp 

Calculation of qV (Bomb Calorimeter) : The calorimeter 
used for determing enthalpies of combustion known as the 
bomb calorimeter is shown in figure. This appratus was 
devised by Berthelot (1881) to measure the heat of 
combustion of organic compounds. A modified form of the 
apparatus shown in figure consists of a sealed combustion 
chamber, called a bomb, containing a weighed quantity of 
the substance in a dish along with oxygen under about 20 
atm pressure. The Bomb calorimeter is used to measure the 
heat exchanged at constant volume.   
   
Since the reaction in a bomb calorimeter proceeds at constant 
volume, the heat of combustion measured isE . 

     
   

 
2 1

1

(W m)(T T ) sE M kcal
W

 

  
where M is the molar mass of the substance and 1w  is the mass 
of the substance taken, specific heat. H can be calculated from 
the relation,      gH E n RT  
 
H Measurement: Measurement of heat change at constant 
pressure (generally under atmospheric pressure) can be done 
in a calorimeter shown in figure. We know that H  = qp       

H (g) + O (g)2 2

H° = - 285.9 kJ mol-1

H ° = - 187.6 kJ mol1
-1

H O ( )2 2 l

H ° = - 98.3 kJ mol2
-1

H O( )  +   O (g)2 2l
1
2
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(at constant p) and, therefore, heat absorbed or evolved, q at constant pressure is also called the 
heat of reaction or enthalpy of reaction,  rH . 
In an exothermic reaction, heat is evolved, and system loses heat to the surroundings. Therefore, 
q will be negative and ∆rH will also be negative. Similarly in an endothermic reaction, heat is 
absorbed, q is positive and ∆rH will be positive. 
 
5.4 Heat of formation 

It is enthalpy change of a reaction by which a compound is formed from its constituent 
elements, the reactants and products all being in a given, standard state (i.e. at 298 K and 1 
atm pressure). 
 For example, 
 

( ) ( )( ) 2 2  
g gS fC O CO H  

  
( ) ( )2 2 2 ( )

1
2g g l fH O H O H    

  
( ) ( ) ( )2 2

1 1
2 2g g g fN O NO H    

 
( ) ( ) ( ) ( )2 8 2 2 4

1 2
8g s g l fH S O H SO H     

STANDARD ENTHALPY OF FORMATION )(Hf
  

It is enthalpy change of a reaction by which a compound is formed from its constituent 
elements, the reactants and products all being in a given, standard state (i.e. at 298 K and 1 
atm pressure). For example, 

  S(s) + O2(g)  SO2(g)  ;   
fH  =  296.9 kJ 

  2Al(s) + 
2
3 O2(g)  Al2O3(s) ;    

fH  =  1669.8 kJ 

 Let us consider a reaction, C(s) + O2(g)   CO2(g)   ;   
fH  =  393.5 kJ 

  
fH  = 

PH  
RH  =  393.5 kJ 

 Enthalpies of free elements in their standard states are assumed to be zero. 
 so, 

fH = 
PH =  393.5 kJ 

The compounds having positive enthalpies of formation are called endothermic 
compounds and are less stable than the reactants and those having negative enthalpies of 
formation are known as exothermic compounds and are more stable than the reactants. 

If we know the standard heats of formation of various substances, we can calculate heat of 
reactions under standard conditions. 

 Thus, 

 H° of a reaction =  
 Sum of the standard heats 
of formation of products 

 Sum of the standard heats 
of formation of reactants  

 i.e.   )tstanreac(H)oducts(PrHH ff
  

The heats of formation of all the elements in their standard states are arbitrarily taken to be zero.  For 
example, at 1 atm and 298 K, the stable state of aggregation of bromine is the liquid state. Hence 
liquid bromine, gaseous hydrogen, solid zinc, solid (rhombic) sulphur and solid (graphite) carbon, 
all have 

298H = 0. 
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For elementary solids that exists in more than one crystalline form, the modification that is stable 
at 25°C and 1 atm is assigned H° = 0. For example, zero assignment goes to rhombic sulphur 
rather than to monoclinic sulphur, to graphite rather than diamond. In cases in which more than 
one molecular species exists (e.g. O2 and O3), the zero enthalpy value goes to the most stable 
form at 25°C and 1 atm pressure i.e. for O2, 

298H (O2, g) = 0. 
 
Once, the value of the standard enthalpy of the elements at 298 K has been assigned, the value at 
any other temperature can be calculated using Kirchoff’s equation. 

  
T

298

P

T

298

dTCdH   

 
T

298
P298T dTCHH   

 
T

298
P298T dTCHH   

 This expression holds good for both elements as well as compounds. For elements, the first 
term on the right hand side is zero. 
 
5.5Heat of Combustion 
 
It is the amount of heat evolved when one mole of a compound is completely burned in excess of 
oxygen 

  CH4(g) + 2O2(g)  CO2(g) + 2H2O(l)   ; H° =  890.36 kJ/mol 
 

5.6Enthalpy of Neutralisation 
 
Enthalpy change associated with complete neutralisation of 1g  equivalent of an acid 
with 1g  equivalent of a base in dilute solution. 
 
Note: Strong acids and bases dissociate completely, hence irrespective of molecular 
species, their heats of neutralisation are constant and are same as that for  
  H+ + OH - = H2O  ∆H = -13.68 kcal geq–1. 
 
However, if weak acids or bases are involved, part of it is used up in their dissociation 
(called enthalpy of dissociation, q).  
 ∆Hweak neutralization = -13.68 + q . 
Hence, ∆Hweak neutralization is mostly lesser than ∆Hstrong neutralization 
 
5.7 Enthalpies of phase transition 
 
 (i) ENTHALPY OF FUSION 

 It is the enthalpy change involved in the conversion of one mole of a substance from solid 
state to liquid state at its melting point. This equals latent heat of fusion per gram multiplied by 
the molar mass. For example, 

  H2O(s)  H2O(l)  ; Hfusion 

 (ii) ENTHALPY OF VAPOURISATION 

 It is the enthalpy change involved in converting one mole of the substance from liquid state 
to gaseous state at its boiling point. For example, 

   H2O(l)  H2O(g)  ;  Hvap 
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 (iii)ENTHALPY OF SUBLIMATION 

 It is the enthalpy change involved in the conversion of one mole of a solid directly into its 
vapour at a given temperature below its melting point. For example, 

  I2(s)  I2(g)  ;  Hsublimation  Hsublimation = Hfusion + Hvapourization 

 (IV) HEAT OF ATOMISATION 

 The amount of heat required for the formation of one mole of atoms in gaseous state from its 
elements is known as heat of atomization of that element. 

  C(s)  C(g)  ;  H = 171.7 kcal/mol 

  H2(g)  2H(g) ; H = 104 kcal 

 In this case, heat of atomization of hydrogen is 52 kcal/mol. 
 
5.8 Enthalpy or Heatofsolution 

The amount of heat evolved or absorbed when one mole of solute is dissolved in 
excess of solvent so that further addition of solvent makes no heat change. For 
example, 

 H2SO4(l) + aqueous  H2SO4(aq) ; H =  20.2 kcal 

 KCl(s) + aqueous  KCl(aq) ; H = 4.4 kcal 

 
5.9 Heat ofdilution 

The amount of heat evolved or absorbed when solution containing one mole of 
solute is diluted from one concentration to another. For example, 

  HCl(g) + 10H2O  HCl.10H2O ; H1 =  69.01 kJ/mol 

  HCl(g) + 25H2O  HCl.25H2O ; H2 =  72.03 kJ/mol 

  HCl(g) + 40H2O  HCl.40H2O ; H3 =  72.79 kJ/mol 
 . . . . . 
 . . . . . 
 . . . . . 
 . . . . . 

  HCl(g) + H2O  HCl.H2O ; H =  74.85 kJ/mol. 

 If we subtract first equation from the second in the above set, we get  

  HCl.10H2O + 15H2O  HCl.25H2O  ; H = (H2H1) = 3.02 kJ/mol 

This value of H is the heat of dilution. The heat of dilution of a solution is dependent on the 
original concentration of the solution and on the amount of the solvent added. 

 

5.10Bond energy 
 

The amount of energy required to break one mole of a particular type of bond between the atoms 
in the gaseous state i.e. to separate the atoms in the gaseous state under one atmospheric 
pressure and the specified temperature is called bond dissociation energy. 

e.g.  HH(g)  2H(g) ; H = 433 kJ mol1. 
 HI(g)  H(g) + I(g) ; H = 299 kJ mol1. 
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The bond dissociation energy of a diatomic molecule is also called bond energy. However, the 
bond dissociation energy depends on the nature of bonds and also the molecule in which the bond 
is present. When a molecule of a compound contains more than one bond of the same kind, the 
average value of the dissociation energies of a given bond is taken. This average bond 
dissociation energy required to break each bond in a compound is called bond energy 
which is also the heat of formation of the bond from gaseous atoms constituting the bond 
with reverse sign. 
 Consider the dissociation of water molecule, 

  H2O(g)  H(g) + OH(g) ; H = 497.8 kJ mol1 

  OH(g)  H(g) + O(g) ; H = 428.5 kJ mol1. 
 The average of these two bond dissociation energies gives the value of bond energy of 

OH bond. 

  B.E. of OH bond = 
2

5.4288.497   = 463.15 kJ mol1. 

 Bond energies can be obtained from the data of heats of combustion and heats of 
dissociation. 

 

APPLICATIONS OF BOND ENERGIES 

(i) DETERMINATION OF HEAT OF REACTIONS  

  Hreaction = Sum of bond energies of reactants  Sum of bond energies of products. 

(ii) DETERMINATION OF RESONANCE ENERGY 
  Resonance Energy =(Experimental or actual heat of formation)  (Calculated heat of  formation).  

Example 9: The enthalpy of neutralisation of ammonium hydroxide by 
hydrochloric acid is 51.46 kJ mol–1. Calculate the enthalpy of ionisation of 
ammonium hydroxide. 

Solution: i)  NH4OH (aq) + H+ (aq)  
4NH (aq) + H2O (l); H° = –51.46 kJ/ mol  

 ii) H+(aq) + OH– (aq)  H2O(l);       H° = – 57.32 kJ mol–1 

 iiii) NH4OH (aq)  
4NH (aq) + OH– (aq);   H0 = H0 ionisation 

 On adding (ii) and (iii), we get 

  NH4OH (aq) + H+ (aq) 
4NH  

4NH (aq) + H2O(l) 

  or  H0 = –57.32 + H°ionisation 

  From equation (i), we have, H0 = –51.46 kJ mol–1 

  Hence (–57.32 + H0
ionisation)kJ mol–1 = –51.46 kJ mol–1 

  or H0
Ionisation = + 5.86 kJ mol–1. 

Example 10: If EC – C is 344 kJ mole–1 and EC – H is 415 kJ mole–1, calculate the heat of 
formation of propane. The heats of atomization of carbon and hydrogen 
are 716 kJ mole–1 and 433 kJ mole–1 respectively. 

Solution: The heat of formation is the sum of the heats of atomization and bond 
energies. For propane, the heats of atomization are 

 3C(s) = 3C(g0; H = 3  716 = 2148 kJ 
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 4H2,(g) = 8H(g); H = 4 433 = 1732 kJ 
 The bond energies are 
 2EC – C = 2  –344 = –688 kJ 
 8EC – H = 8  –415 = –3320 kJ 
 Adding,  
 3C + 4H2 = C3H8; Hf = 2148 + 1732 – 688 – 3320 = –128 kJ mole–1 

Example 11: The standard enthalpy of combustion of H2, C6H10 and Cyclohexane 
(C6H12) are – 241, – 3800, – 3920 kJ mole–1 at 25°C respectively. Calculate 
the heat of hydrogeneation of cyclohexane. 

Solution: We have to find  H for  
 C6H10 + H2 C6H12 
 Given H2 + 1/2 O2 H2O  H = – 241 kJ   …(1) 

 C6H10 + 
2

17 O2 6CO2 + 5H2O  H = – 3800 kJ  …(2) 

 C6H12 + 9O26CO2 + 6H2O  H = – 3920 kJ  …(3) 
 Adding equation (1) and (2) and then subtracting equation 3  
 C6H10 + H2 C6H12    H = – 121 kJ 
  Heat of hydrogenation of cylohexene  = – 121 kJ 

Example 12:150 ml of 0.5 N nitric acid solution at 25.35°C was mixed with 150 ml of 0.5 N 
sodium hydroxide solution at the same temperature. The final temperature was 
recorded to be 28.77°C. Calculate the heat of neutralisation of nitric acid with 
sodium hydroxide. 

Solution: Total mass of solution = 150 + 150 = 300 gm 

  Q = 300  (28.77  25.35) = 300  3.42 = 1026 cal 

   Heat of neutralisation = 
5.0

11000
150
Q

  = 
5.0

11000
150

1026
 = 13.68 kcal. 

 Since, the enthalpy of neutralisation is always ve, so, heat of neutralisation =  13.68 
kcal. 

 
Example 13: A sample of 0.16 g CH4 was subjected to combustion at 27C in a bomb 

calorimeter. The temperature of the calorimeter system (including water) was 
found to rise by 0.5C. Calculate the heat of combustion of methane at (i) 
constant volume and  
(ii) constant pressure. The thermal capacity of calorimeter system is 17.7 kJ K1 
and R = 8.314 JK1mol1. 

Solution: Heat of combustion at constant volume, E 
 = Heat capacity of calorimeter  Rise in temperature 

compoundofMass
compoundofmassMolar  

 = 885
16.0

165.07.17   

 i.e., E  = – 885 kJ mol1 

  )(OH2)g(CO)g(O2)g(CH 2224 l  

  ng = 1 – 3 = –2, T = 300 K,   R = 8.314  103 kJ K1 mol1 

  H = E + ngRT = – 885 + (–2)  8.314  103 300  

   = – 885 – 4.988 = – 889.988 kJ mol1 
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6   SECOND LAW OF THERMODYNAMICS  
 
Limitations of 1st law:  
 

1. First law gives definite relationship between the heat absorbed and the work done by the 
system in a given process, but it does not tell about the direction of flow of heat 

 
2. According to first law energy of an isolated system remains constant during a specified 

change of state. But it does not tell whether that specified change including a chemical 
reaction can occur spontaneously i.e. whether it is feasible. 

 
3. First law states that energy of one form can be converted to an equivalent amount of 

energy of another form but it does not tell that heat cannot be completely converted into an 
equivalent amount of work without producing some change elsewhere. 

 

Advantage of Second Law : 
 

1. Second law helps us to determine the direction in which energy can be transferred 
2. It helps us to predict whether a given process or a chemical reaction can occur 

spontaneously. 
3. It helps us to know the equilibrium conditions of a chemical reaction. 
4. It helps us to calculate the maximum fraction of heat that can be converted to work in a 

given process. 
 
6.1 Carnot cycle 

 It is a reversible cycle which demonstrates maximum convertibility of heat into work. The 
system consists of one mole of ideal gas which is subjected to a series of four successive 
operations. 

   

p1, v1

A

D

T2
p2, v2
B

p3, v3
CT1

p4, v4

V

P

 
Path AB : Isothermal expansion :   

 The gas is allowed to expand reversibly and isothermally at a higher temperature T2. The 
gas absorb q2 amount of heat and perform a work -w1.  

  q2 = - w1 = RT2 ln 2

1

V
V

 

 
Path BC : Adiabatic expansion : 
 The gas is allowed to expand adiabatically from volume V2 to V3. Here heat absorbed q = 0. 

As a result of this expansion temperature falls to T1. Work done by the system, - W2 = CV 
(T1 – T2) 

 
Path CD : Isothermal compression : 
 The gas is subjected to isothermal compression at constant temperature T1. Heat given out 

by the gas is -q1 and work done on the gas is W3 

 - q1 = W3 = RT ln 4

3

V
V  
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Path DA : Adiabatic compression :  
 The gas is now subjected to adiabatic compression and restored to original volume V1. As a 

result of this compression the temperature increases from T1 to original T2. Here heat given 
out by gas is zero and the work done on gas  W4 = CV  (T2 – T1) 

  Network done (-W)  = RT2 ln 2

1

V
V

 + CV (T1 – T2) + RT1 ln 4

3

V
V

 + CV (T2 – T1) 

     = RT2 ln 2

1

V
V

 + RT1 ln 4

3

V
V

 

     = R (T2 – T1) ln 2

1

V
V

 32

1 4

VV
V V

 
 

 
  

 Net heat absorbed  = q2 – q1 

    = RT2 ln 2

1

V
V

 + R T1 ln 4

3

V
V

 

    = R (T2 – T1) ln 2

1

V
V

 

  net work done = net heat absorbed 

  2 1

2 2

T TW
q T


   

 Since, 2 1

2

T T
T
 < 1,  - W < q2  

i.e. work done by the system is lesser than heat absorbed. 
 So, only a part of the heat absorbed by the system at higher temperature T2 is converted to 

work, the rest of the heat q1 is given out to the surroundings when the system is at lower 
temperature T1. 

 
6.2  Second law of thermodynamics 
 It is impossible to use a cyclic process to extract heat from a reservoir and to convert into 

work without transforming at the same time a certain amount of heat from a hotter to a 
colder part of the body. 

     or 
 It is impossible to convert heat into work without compensation. 
 
Efficiency of heat engine: 
 

 The fraction of heat absorbed by an engine which it can convert into work gives its 
efficiency. 

  2 1

2 2

T TW
q T

 
   

   2 1

2

T T
T
 < 1 efficiency of heat engine is always less than 1. 

 
In a cyclic process net heat absorbed by the system (q2 – q1) is equal to net work done  
(-w) 

   - W = q2 – q1 

   2 1 2 1

2 2

q q T T
q T
 

  

   1 1

2 2

1 1q T
q T
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   2 1

2 1

q q
T T

  

   rewqS
T

   constant 

 S is called entropy change of a system. It is a definite quantity. Like & ,U H S    is also a 
state function. 

 
6.3 Definition of Entropy 
If any process is carried out reversibly, so that dqrev is the heat absorbed by the system the 
process at constant temperature(T), then the entropy change (dS) is given by  

 revdqds
T

 

For finite changes,   revq
S

T
 

The total entropy change   totalS  for the system and surroundings of a spontaneous process is 
given by 
       total system surrS S S 0  
When a system is in equilibrium, the entropy is maximum, and the change in entropy, S 0  . 
We can say that entropy for a spontaneous process increases till it reaches maximum and at 
equilibrium the change in entropy is zero. Since entropy is a state property, we can claculate the 
change in entropy of a reversible process by  

  sys,rev
sys

q
S

T
 

 
Units of entropy : 
  CGS : cal k-1 or entropy unit (e.u) 
   1 e.u = 1 cal k-1 
    SI : J k-1 
 

S in Reversible and Irreversible Process : 
 
 In a thermodynamically reversible process 
  S Total = S System + S Surroundings = 0 
 In a thermodynamically irreversible process (spontaneous) 
  S Total = S System + S Surroundings > 0 
 
Meaning of Entropy :  
(i)    Entropy is the degree of disorder or randomness of a system. 
(ii)   Change in entropy is the capacity for spontaneous change in a system. 

In the gaseous state and at low pressures, the molecules are free to move about unrestricted. If 
the pressure is increased, the same number of molecules now occupy a smaller volume. The 
chances of finding a molecule within a given volume are greater under these conditions than when 
it was at lower pressure. Hence, the molecules are more ordered (or less randomly distributed) at 
higher pressure. Added to this, the force of intermolecular attraction increases as the pressure 
increases and this too has a restricting effect on the molecules. 
In the liquid state, the molecules are much closer together than in the gaseous state, because the 
volume containing the same number of molecules is much smaller. The molecules in the liquid 
state are more highly ordered than a gas at high pressure. Also in the liquid state, the forces of 
intermolecular attraction are greater, causing a still more highly ordered state. 
In the solid state, the atoms, molecules or ions that form the crystal are usually held in fixed crystal 
lattices, which can only vibrate and rotate. Hence in a solid, the atoms, molecules or ions have 
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little or no choice as to where they shall be i.e., they are highly ordered or have a very small 
freedom. 
This gradual decrease in the measure of disorder of the molecules is identified with entropy 
changes, being high for a gas and low for a solid. 

 
SPONTANCITY AND ENTROPY 
Spontaneous Process : 
In any system, a spontaneous process is one which occurs on its own without the help of external 
energy. The natural changes that occur around us result from such processes. For example, flow 
of heat from a hot body to a cold one, flow of water downhill, and the expansion of a gas from high 
pressure to low pressure. Besides being spontaneous, these processes are also unidirectional, 
i.e., they occur on their own in one direction only. A spontaneous process cannot be reversed 
without the aid of external work or energy. The work has to be done to move uphill or to compress 
a gas. 
Many common chemical reactions are spontaneous and occur in one direction although finally a 
state of equilibrium is reached. Everything in nature have a tendency to move towards a state of 
lowest energy, at which point equilibrium exists. The heat energy which is given out during an 
exothermic reaction shows that there is a lowering in chemical energy on proceeding from the 
reactants to the products. From this, we may conclude that a reduction in enthalpy provides the 
necessary driving force for a reaction to occur. However, many endothermic reactions also 
proceed on their own and so it looks as though a negative enthalpy change is not a reliable 
criterion to judge the spontaneity of chemical reactions. 

Statement of the IInd Law : 
The first law of thermodynamics does not state whether a reaction is spontaneous or not and in 
which direction it will occur.  
Second law of thermodynamics is concerned with the direction and spontaneity of processes. 
There are many ways of formulating the law based on our experience of the direction or manner in 
which natural processes occur. Clausius stated the law as ‘The transference of heat from a cold to 
a hot body cannot be achieved without the performance of work’. 
Because natural or spontaneous processes occur over a period of time, they must be 
thermodynamically irreversible. Another way of formulating the second law is ‘Any process 
occurring on its own is thermodynamically irreversible’. 
The basic concept of the second law of thermodynamics is that all spontaneous processes are 
unidirectional and thermodynamically irreversible. 
 
ENTROPY(S) 
To decide whether a chemical reaction can take place or not, the first factor that has to be 
considered is whether there is enough energy available. If the reaction is exothermic, there is no 
reason why it should not take place spontaneously but if the reaction is endothermic then it would 
not. But in nature, we come across numerous examples of endothermic reactions, which are 
spontaneous (for example, evaporation of water). From this, we conclude that energy alone is not 
the deciding factor. This is where the concept of entropy becomes important. 
 
We find that both for reversible and irreversible expansion for an ideal gas, under isothermal 
conditions,    totalU 0, but S  i.e.,   sys surrS S is not zero for irreversible process. Thus,U  does not 
discriminate between reversible and irreversible process, whereas S  does. 
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Entropy change in ideal gases : 
 
1. T & V as Variables : 

  S  = nCV ln 2 2

1 1

lnT VnR
T V
  

   = 2.303 nCV
2 2

1 1

log 2.303 logT VnR
T V
  

 
2. T & P as Variables: 

  S  = nCP ln 2 1

1 2

lnT PnR
T P
  

  S  = 2.303 nCP log 2 1

1 2

2.303 logT PnR
T P
  

 
3. Isothermal process: 

  S T = nR ln 1 1

2 2

2.303 logP PnR
P P

  

  S T = nR ln 2 1

1 2

2.303 logV VnR
V V

  

4. Isobaric process 

  S P = nCP ln 2 2

1 1

2.303 logP
T TnC
T T

  

 
5. Isochoric process 

  S V = nCV ln 2 2

1 1

2.303 logV
T TnC
T T

  

 
6. Adiabatic process: 
  S  = 0 
 
Entropy change in mixing of ideal gases: 
 In n1, n2, n3 etc moles of gases are mixed at constant pressure and constant temperature 

  
1

ln
n

i
mix i i i

i

nS R n x x
n

     

   =  
1

2.303 log
n

i i
i

R n x


   

 Molar entropy of mixing, 

  
1

ln
n

mix i i
i

S R x x


     

  Per mole = 
1

2.303 log
n

i i
i

R x x


   

 
STANDARD ENTROPY: 
 
 The absolute entropy of a pure substance at 1 bar pressure is called standard entropy. 
 The absolute entropy of an element is zero only at zero Kelvin.  
 For a chemical reaction 
  o oS S   (compound) oS  (reactants) 
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STANDARD ENTROPY OF FORMATION: 
 It is the entropy change observed when one mole of substance is formed in its standard 

state from its elements in their reference states at 25oC and 1 bar or 1 atm pressure. 
  o o

fS S   (compound) oS  (elements) 
 
6.4  Gibbs free energy ( G) 
 

 According to II law in any spontaneous process there is always an increase in entropy of 
universe i.e. S Total> 0. This increase is taken into account the entropy changes in both 
systems and surroundings. 

  S Total = S System + S Surroundings 

  S Total = S System
system

Surroundings System

H
H H

T


       

  T S Total=  - ( system systemH T S   ) 
 For a spontaneous process, T S Total should be positive,  system systemH T S    should be 

negative. At this point it is convenient to introduce another thermodynamic state function 
called Gibbs free energy (G), which is defined as G = H – TS and the change in free energy 

G H T S     .For a spontaneous process, G  should be –ve 
   

H  S  G  
-ve +ve -ve at all T i.e. spontaneous all temperatures  
+ve +ve -ve at high T i.e. spontaneous at high T 
-ve -ve -ve at low T i.e. spontaneous at low T 
+ve -ve +ve at all T i.e. not spontaneous at all tens  

  
 G represent the maximum energy released in a process occurring at constant temperature 

and pressure i.e. free or available to perform a useful work other than the work of 
expansion. G is a driving force in a chemical change that can be harnessed to perform 
useful work. 

 
Variation of G  with T &P : 
 dG = VdP – SdT 

 at constant pressure, 
P

G S
T
     

   
P

G
S

T
  

   
 

 at constant temperature, 
T

G V
P

    
 

  G for an ideal gas in Isothermal change 

  G  = 2 2

1 1

ln 2.303 logP PnRT nRT
P P

  

  G  = 1 2

2 1

ln 2.303 log
V
V VnRT nRT

V
  

Gibbs – Helmholtz equation : 

  ( )

P

GG H T
T

        
 

 
G in chemical reactions 

  ( ) ( ) ( ) ( )g g g ga A b cC d D   
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 ln
c d

o C D
a b

A B

P PG G RT
P P


   


  oG  standard free energy 

 at equilibrium, 0G   
  ln 2.303 log .oG RT Kp RT Kp      
 ln lnPG RT Q RT Kp    

 
Example 13:For the reactions given below, predict the sign of S as positive or negative? 
 (a) 2NO(g) + O2(g)  2NO2(g) 
 (b) Ni(s) + 4CO(g)  Ni(CO)4(g) 
 (c) 2Ca(s) + O2(g)  2CaO(s) 
 (d) H2(g) + S(s)  H2S(g)  
Solution: (a) Three gas molecules give rise to two gas molecules. Hence, disorderness 

decreases i.e., S < 0 (negative). 
 (b) Four gas molecules are converted into a single gas molecule and hence, the 

disorderness decreases i.e., S is < 0 (negative). 
 (c) Three reacting units, of which two are solid and one gas are changed to two solid 

units. Disorderness decreases i.e. S < 0 (negative). 
 (d) Two reacting units, one of which is a solid, forms a gaseous molecule. Since a 

heteronuclear gas results, disorderness increases &S is positive (S > 0). 
 
Example 14: A mole of steam is condensed at 100°C, the water is cooled to 0°C and frozen 

to ice. What is the difference in entropies of the steam and ice? The heats of 
vaporization and fusion are 540 cal/g and 80 cal/ gmrespectively.  

Solution:  Entrophy change during condensation of steam 
  

373
54018S1


 cal/°C = 26.06 cal/°C 

  Entrophy change during cooling of water from 100°C to 0°C 

  
373
273ln118S 2  cal/°C = 5.62 cal/°C 

  Entrophy change during freezing of water at 0°C 

  
273

8018S3


 cal/°C = 5.27 cal/°C 

  So total entropy change = 26.06  5.62  5.27 = 36.95 cal/°C 
  Hence difference in entropy between steam and ice = 36.95 cal/°C 
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6. SOLVED OBJECTIVE EXAMPLES 
Example 1:  
 When a poly atomic gas undergoes an adiabatic process, its temperature and volume 

are related by the equation TVn = constant, the value of n will be  
 (a) 1.33   (b)0.33   (c)2.33   (d)1 
Solution:  
 For adiabatic process 
 TV1 = constantfor poly atomic gas 33.1

3
4
  

 n = 1.33  1 = 0.33  (b) 
 
Example 2:  
 The difference between the heats of reaction at constant pressure and a constant 

volume for the reaction 2C6H6(l) + 15O2(g)  12CO2(g) + 6H2O(l) at 25°C in kJ is  
 (a) 7.43   (b)+ 3.72  (c) 3.72  (d)+ 7.43 
Solution:  
 H = E + ng RT. Here ng = 12  15 = 3. Thus, H E =  3  8.314  298 =  7.43 kJ. 

 (a) 
 
Example 3:  
 A mono atomic gas X and a diatomic gas Y, both initially at the same temperature 

and pressure are compressed adiabatically from a volume V to V/2, which gas will be 
at higher temperature   

 (a) X    (b)Y   (c)both the same (d)can’t say 
Solution:  
 1

22
1

11 VTVT    

  1
1

2

1

1

2 2
V
V

T
T 











  

 Since  is more for the gas X, the temperature will also be more for it. 
  (a) 
 
Example 4:  
 Heat of neutralization of oxalic acid is 53.35 kJ mol1 using NaOH. Hence H of 
 H2C2O4   2HOC 2

42  is 
 (a) 5.88 kJ   (b)5.88 kJ  (c)13.7 kcal  (d)7.9 kJ 
Solution:  
 By the definition of heat of neutralization, we have  
  ½ H2C2O4 + NaOH  ½ Na2C2O4 + H2O ; H =  53.35 kJ 
 or ½ H2C2O4 + OH ½ 2

42 OC + H2O ; H = 53.35 kJ…(i) 
  H+ + OH H2O  H = 57.3 kJ…(ii) 
 Subtracting equation (ii) from (i) we get  
  ½ H2C2O4 ½ 2

42 OC + H+  H = 3.95 kJ 
  H2C2O4 ½ 2

42OC + H+  H = 7.9 kJ 
  (d) 
 
Example 5:  
 The standard heat of formation values of SF6(g), S(g) and F(g) are:  1100, 275 and 80 

kJ mol1 respectively. Then the average S  F bond energy in SF6 
 (a) 301 kJ mol1  (b)320 kJ mol1  (c)309 kJ mol1 (d)280 kJ mol1 
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Solution:  
 S(s) + 3F2(g)  SF6(g) ; Hf = 1100 kJ mol1 
 S(s)  S(g) ; H = +275 kJ mol1 
 ½ F2(g)  F(g) ; H = 80 kJ mol1 
 Therefore heat of formation = Bond energy of reactants Bond energy of products 
  1100 = [275 + 6  80]  [6  S  F] 
 Thus bond energy of S  F = 309 kJ mol1 
 
Example 6:  
 At a particular temperature H+(aq) + OH(aq)  H2O(l) ;  H = 57.1 kJ 
 The approximate heat evolved when 400 ml of 0.2 M H2SO4 is mixed with 600 ml of 0.1 

M KOH solution will be  
 (a)3.426 kJ   (b)13.7 kJ  (c)5.2 kJ  (d)55 kJ 
Solution:  
 Number of equivalent of H2SO4 taken = 16.0

1000
40022.0


  

 Number of equivalent of KOH added = 06.0
1000

1.0600


  

 Number of equivalents of acid and bases which neutralized each other = 0.06 
 Heat evolved = 0.06  57.1 kJ = 3.426 kJ(a) 

 
Example 7:  
 A sample of oxygen gas expands its volume from 3 litre to 5 litre against a constant 

pressure of 3 atm. If the work done during expansion be used to heat 10 mole of 
water initially present at 290 K, its final temperature will be  

 (Specific heat capacity of water = 4.18 J k1 g1) 
 (a) 292.0 k  (b)290.8 k  (c)298.0 k  (d)293.7 k 
Solution:  
 Work done in expansion 
  = P  ∆V 
  = 3  (5  3) = 6 lit-atm 
 we have 1 litre atm = 101.3 J 
 work done = 6  1.013 J = 607.8 J 
 Let T be the change in temperature of water.  

 PV = m  s T 
607.8 = 180  4.184 T 

 T = 0.81 K 
 Tf = T1 + T = 290.8 K 
  (b) 
 
Example 8:  
 The molar heat capacity of water in equilibrium with ice at constant pressure is  
 (a)zero     (b)infinity ()   

(c)40.45 kJ K1mol1   (d)75.48 J K1mol1 
Solution:  
 We know that heat capacity at constant pressure is given by  
  

P
P T

HC 









  

Since the phase transformation i.e., ice   water, takes place at a fixed temperature so 
T = 0. 

  



0
HCP  

  (b) 
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Example 9: 
 One mole of ice is converted into water at 273 K. The entropies of H2O(s) and H2O(l) are 38.20 
 and 60.01 J mole1 K1 respectively. The enthalpy change for the conversion is 
 (a)59.54 J mol1  (b)5954 J mole1 (c)594.5 J mole1  (d)320.6 J mole1 
Solution:  
 G = H TS. At equilibrium G = 0, so H = TS. H = 273  (60.01  38.20) =  

5954.13 J mole1. 
  (b) 
 
Example 10: 
 The 

fΔH  for CO2(g), CO(g) and H2O(g) are 393.5, 110.5 and 241.8 kJ. mole1 respectively. 
 The standard enthalpy change in kJ for the reaction. 
 CO2(g) + H2(g)  CO(g) + H2O(g) is 
 (a)+ 524.1   (b)+ 41.2  (c) 262.5   (d) 41.2 
Solution:  

(a) C(s) + O2(g)  CO2(g) ; H = 393.5kJ mole1 
(b) C(s) + ½ O2(g)  CO(g) ; H =  110.5 kJ mole1 
(c) H2(g) + ½ O2(g)  H2O(g) ; H = 241.8 kJ mole1 
For getting CO2(g) + H2(g)  CO(g) + H2O(g), add (b) and (c) and subtract (a).  
Thus 110.5 241.8 + 393.5 = 395.5  352.3 = 41.2 kJ mole1. 
 (b) 
 

7. SOLVED SUBJECTIVE EXAMPLS 
 
Example 1:  
 A sample of argon gas at 1 atm pressure and 27°C expands reversibly and adiabatically from 
 1.25dm3 to 2.50 dm3. Calculate the enthalpy change in process? [Cp = 20. 794 J/mol for argon] 
Solution:  

 05.0
3000821.0
125.1

RT
PVn 




  

 TV1 = constant for adiabatic process 

  1
22

1
11 VTVT    

 On solving, T2 = 188.55 K 

 H = nCpT = 0.05  20.794  111.45 = 115.87 J 
 
Example 2:  
 An ideal gas having initial pressure P, volume V and temperature T is allowed to 

expand adiabatically until its volume becomes 5.66 V while its temperature falls to 
T/2. 

 (i) How many degrees of freedom do the gas molecules have? 
 (ii) Obtain an expression for the work done by the gas during the expansion as a 

function of the initial pressure P and volume V. 
Solution:  
 For an adiabatic process, 
 TV1 = constant  
  1

1
11

22
1

11 )V66.5(
2
T

VTVT    

 Hence, 2 = (5.66)1 
 or  log 2 = ( 1) log 5.66 
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   = 1.4  
 The gas is, therefore a diatomic gas and have five degrees of freedom.  
 The work done by a gas during an adiabatic process is  
  2 2 1 1P V P VW

1



 

 Since   )V66.5(PVPVP 122211 


)66.5(

P
P 1

2  

  1 1
1 1

P (5.66 V ) 1W P V
0.4(5.66)

 
  
  

 = 1.25 P1V1 

 or W = 1.25 PV 
 
Example 3:  
 Diborane is a potential rocket fuel which undergoes combustion according to the 

reaction,  
 B2H6(g) + 3O2(g)   B2O3(s) + 3H2O (g) 
 From the following data, calculate the enthalpy change for the combustion of 

diborane.  
 2B(s) + (3/2)O2(g)  B2O3(s) H = 1273 kJ/mol1 
 H2(g) + (1/2)O2(g)  H2O(I) H = 286 kJ/mol1 
 H2O(I)   H2O(g) H = 44 kJ/mol1 

 2B(s) + 3H2(g)   B2H6(g) H = 36 kJ/mol1 

 
Solution:  
 B2H6(g) + 3O2(g)   B2O3(s) + 3H2O(g) H = ? (1) 
 2B(s) + (3/2)O2(g)  B2O3(s) H = 1273 kJ/mol1 (2) 
 H2(g) + (1/2)O2(g)  H2O(I) H = 286 kJ/mol1 (3) 
 H2O(I)   H2O(g) H = 44 kJ/mol1 (4) 

 2B(s) + 3H2(g)   B2H6(g) H = 36 kJ/mol1 (5) 
 Hf(B2O3) = 1273 kJ/mol 
 Hf(H2O(g)) = 286 + 44 = 242 kJ/mol 
 Hf(B2H6(g)) = 36 kJ/mol 
 H(for reaction(1)) = [-1273 + 3 (-242)] – 36 = -2035 kJ/mol 
 
Example 4:  
 A sample of solid naphthalene C10H8, weighing 0.6 g is burnt to CO2(g) and H2O() in 

a constant volume calorimeter at 298 K. In this experiment the observed temperature 
rise of the calorimeter and its contents is 2.27°C. In a separate experiment, the total 
heat capacity of the calorimeter was found to be 2556 cal/deg. What is E for the 
combustion of one mole of naphthalene? What is H for this reaction. Also calculate 
the enthalpy of formation of naphthalene.  

 0
fΔH  (H2O, ) = 68.32 kcal/mol 

 0
fΔH  (CO2, g) = 94.05 kcal/mol 

 
Solution:  
 Heat released = 2.27  2556 = 5.802 kcal  
 

6.0
128802.5E 

 = 1237.76 kcal/mol 

 Also, H = E + nRT 
 For the reaction:  
 C10H8(s) + 12O2(g)   10CO2(g) + 4H2O() 
 n = 10  12 = 2 
  H = 1237.76  (2  2  103) 298 = 1238.952 kcal/mol 
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 Also  1238.952 = 10 0
fH CO2(g) + 0

fH4 H2O()  0
fH C10H8(s) 

 1238.952 = 10  (94.05) + 4 (68.32)  0
fH (C10H8) 

  0
fH (C10H8) = 25.172 kcal/mol 

 
Example 5:  
 Find standard heat of formation of OH (aq). It is given  
   H2O()  H+(aq) +  OH aq  ; H° = 13.7 kcal 
   H2(g) + ½O2(g)  H2O()   ; H° = 68.4 kcal 
Solution:  
 By convention the heat of formation of H+(aq) is arbitrarily taken as zero at 25°C and at unit 

concentration i.e.,  
  ½H2(g) + aq  H+(aq) ; H° = 0.0 kcal ...(i) 
 With this convention, the heat of formation of other ions can be evaluated. 
 Thus, the heat of formation of OH (aq) can be calculated from the following reactions: 
   H2O()  H+(aq)  ;        H° = 13.7 kcal…(ii) 

   H2(g) + ½O2(g)  H2O() +  OH aq  ; H° = 68.4 kcal …(iii) 
 On adding equation (i) and (iii), we get  
  H2(g) + ½O2(g)  H+(aq) + OH(aq) ; H° = 54.7 kcal…(iv) 
 Now, on subtracting equation (i) from equation (iv), we have 
   ½H2(g) + ½O2(g) + aq + e OH(aq)   ; H° = 54.7 kcal 
 That is, standard heat of formation of OH(aq) is 54.7 kcal. 
Example 6:  
 When maltose, C12H22O11(s) burns in a calorimetric bomb at 298 K yielding water and 

carbondioxide, the heat of combustion is 1350 kcal/mol. Calculate the heat of 
combustion of maltose of constant pressure if the water vapour resulting from the 
combustion is (a) condensed and (b) not condensed.  

 
Solution:  
 The combustion reaction of maltose can be shown for (a) and (b) as follows:  
 (a) C12H22O11(s) + 12O2(g)  12CO2(g) + 11H2O() 
 (b) C12H22O11(s) + 12O2(g)  12CO2(g) + 11H2O(g) 
 Case (a): When water is condensed  
 It is given that,  
  Hv = 1350 k cal/mol 
  n = 0 ; R = 1.987  103 kcal mol1 K1 
  T = 298 K 
 On inserting these values in the expression  
  Hp = Hv + nRT 
  Hp = 1350 + 0  RT = 1350 kcal/mol 
 Case (b) : When water is not condensed 
 It is given that,  
  Hv = 1350 k cal/mol 
  n = (12 + 11  12) = 11  ;  
  R = 1.987  103 kcal/mol  
  T = 298 K 
 On inserting these values in the expression  
  Hp = Hv + nRT 
  Hp = [1350 + (11  1.987  103 298)] kcal       
  Hp = 1343.5  kcal/mol 
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Example 7:  
 Given the following information 
 (i) H2BO3(g) HBO2(aq) + H2O() H° = 0.002 kJ 
 (ii) H2B4O7(s) + H2O()  4HBO2(aq)  H° = 11.3 kJ 
 (iii)H2B4O7(s) 2B2O3(s) + H2O() H° = 17.5 kJ 
 Calculate H° for the reaction ; 2H3BO3(aq) B2O3(s) + 3H2O() 
Solution:  
 equation (i)  4  equation (ii) + equation (iii) 
 On doing so,  

4H3BO3(aq)    2 4 7 2 4 7H B O s H B O s    H2O()    4HBO2(aq) + 4H2O()  4HBO2(aq)+ 

2B2O3(s) + H2O() 
    H° = (0.02  4 + 11.3 + 17.5) kJ 
 or, 4H3BO3(aq)    2B2O3(s) + 6H2O() H° = 28.88 kJ 
 or, On dividing throughtout by 2 we get  

  2H3BO3(aq)    B2O3(s) + 3H2O() H° = 14.44 kJ 

 This problem can be solved using intrinsic energy method as well.  
 
Example 8:  
 The enthalpy change for the following processes at 25°C and under constant 

pressure of one atmosphere are as follows:  
  CH4(g)    C(g) + 4H(g) H° = 396 kcal  
  C2H6(g)    2C(g) + 6H(g) H° = 676 kcal 
 Calculate C  C bond energy in the molecule of C2H6. 
 If molar heat of sublimation of carbon, C(s) and molar heat of dissociation of H2(g) 

are 171.8 and 104.1 kcal respectively. Calculate the standard heat of formation of 
ethane, C2H6(g). 

Solution:  
 It is given that  

 )g(H

H
|

H
|
CH  C(g) + 4H(g) H° = 396.0  kcal  …(i) 

 That is, 4  B.E. of C  H = 396 kcal       ;    B.E. of CH = 
4

396  kcal = 99.0 kcal 

 Again, 

 )g(H

H
|

H
|
C

H
|

H
|
CH  2C(g) + 6H(g) H° = 676.0  kcal  …(ii) 

 It means that  
  6  B.E. of C  H + B.E. of C  C = 676 kcalor, 
  6  99.0 + B.E. of C  C = 676.0 

 B.E. of C  C = (676.0 – 594) kcal = 82.0 kcal  
That is B.E. of C  C = 82.0 kcal 
 C(s)  C(g)  H° = 171.8  kcal  …(iii) 
 H2(g)  2H(g)  H° = 104.1  kcal  …(iv) 
H° for the following reaction is to be found:2C(s) + 3H2(g)  C2H6(g)  H° = ? 
Equation (iii)  2 + equation (iv)  3  equation (ii) 
On doing so,  
 2C(s) + 3H2(g)  C2H6(g)  2C(g) + 6H(g)  2C(g)  6H(g) 
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 or, 2C(s) + 3H2(g)  C2H6(g),H° = [(2  171.8) + 3  104.1  676] kcal 
That is, heat of formation of C2H6(g),   H° = 20.1 kcal 

 
Example 9:  One mole of an ideal monoatomic gas undergoes an isoergic reversible   

change from 25°C and 1 atm. to twice the original volume. Calculate q, W and 
H. 

Solution:  
   An isoergic change is a change where U = 0, which means process is isothermal if 

the gas is ideal. Hence the process is isothermal reversible.  
  Hence                2 2

1 1

V VW RT ln ; Here 2
V V

 
    

 
 

  So  W = - 8.313  298 loge2 Joule = - 1717.2 Joule 
 In isothermal process q = - W = 1717.2 Joule and H = 0 
 

Example 10:  
 A mole of steam is condensed at 100°C, the water is cooled to 0°C and frozen to ice. 

What is the difference in entropies of the steam and ice? The heats of vaporization 
and fusion are 540 cal gm1 and 80 cal gm1 respectively. Use the average heat 
capacity of liquid water as 1 cal gm1 degree1. 

 
Solution: Entrophy change during condensation of steam 
  

373
54018S1


 cal/°C = 26.06 cal/°C 

 Entrophy change during cooling of water from 100°C to 0°C
373
273ln118S 2  cal/°  

 = 5.62 cal/° 
 Entrophy change during freezing of water at 0°C 

273
8018S3


 cal/° = 5.27 cal/° 

 So total entropy change = 26.06  5.62  5.27 = 36.95 cal/° 
 Hence difference in entropy between steam and ice = 36.95 cal/° 
 
Example 11:  
 In the ‘Benson group’ method for evaluating standard enthalpies of formation of 

hydrocarbons, each group CH3, CH2 etc. are assigned separate enthalpies of 
formation, and 0

fΔf  for the hydrocarbon is additively calculated. On this basis 0
fΔf for 

normal pentane, isopentane and normal butane are 147.3 kJ/mole, 156.6 kJ/mol 
and 126.6 kJ/mole respectively. Calculate 0

fΔf  isobutane.   
Solution:  
 For n-pentane = CH3 (CH2)3 CH3 with two CH3 and three CH2groups ; 0

fΔf = 2x + 3y 
where x and y are the 0

fΔf  values for CH3 and, CH2groups, 
  0

fΔf  = 2x + 3y             2x+ 3y = 147.3 kJ/mol 
 Similarly 2x + 2y = 126.6 kJ/mol 
 On solving we will get  x = 42.6 kJ/mol   ;  y = 20.7 kJ/mol 
 In isopentane 32

3

3 CHCHH

CH
|
CCH  , we have three CH3, one CH2 and  

 one  CH  groups. 
 Thus 3x + y + z = 156.6 kJ/mol where, z = 0

fΔf  for CHgroup 
   z = 8.1 kJ/mol. 
 For isobutane we have three 0

fΔf = 3x + z 
 i.e.,  [3 (42.6) + (8.1) kJ/mol] = 135.9 kJ/mol 
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FOUNDATION BUILDERS (OBJECTIVE PROBLEMS) 
 
1ST LAW OF THERMODYNAMICS   

 
1. Work done in reversible isothermal process by an ideal gas is given by 

 (A) 2.303 nRT log 
1

2

V
V   (B)  12 TT

)1(
nR




 

 (C) 2.303 nRT log 
2

1

V
V   (D) None 

 
2. Work done in reversible adiabatic process by an ideal gas is given by 
 (A) 2.303 RT log 

2

1

V
V   (B) None 

 (C) 2.303 RT log 
1

2

V
V   (D)  12 TT

)1(
nR




  

3. The work done during the process when 1 mole of gas is allowed to expand freely into vacum is 
 (A) 0     (B) Positive 
 (C) Negative    (D) Either of these 
 
4. For isochoric process, the change in 
 (A) Volume is zero   (B) Pressure is zero 
 (C) Internal energy is zero  (D) None 
 
5. Molar heat capacity of water in equilibrium with the ice at constant pressure is : 
 (A) zero  (B) infinity  (C) 40.45 k–1 mol–1 (D) None 
 
6. A gas expands against a constant external pressure of 2.00 atm, increasing its volume by 3.40 L. 

Simultaneously, the system absorbs 400 J of heat from its surroundings. What is E, in joules, for this 
gas ? 

 (A) – 689  (B) – 289  (C) + 400  (D) + 289 
 
7. When a certain mass of an ideal gas is adiabatically compressed so that its volume is reduced to 1/32 

times, its absolute temperature is increased 4 times. The number of atoms in a molecule of the gas are 
 (A)3  (B)4   (C) 2   (D) 1 
 
8. 10 litres of a monoatomic ideal gas at 0°C and 10 atm pressure is suddenly released to 1 atm pressure 

and the gas expands adiabatically against this constant pressure. The final temperature and volume of 
the gas respectively are. 

 (A) T = 174.9 K, V = 64.04 litres (B) T = 153 K, V = 57 litres  
 (C) T = 165.4 K, V = 78.8 litres  (D) T = 161.2 K, V = 68.3 litres 
 
9. Consider a classroom that is roughly 5 m × 10m × 3m. Initially t = 20°C and P = 1 atm. There are 50 

people in an insulated class loosing energy to the room at the average rate of 150 watt per person. How 
long can they remain in class if the body temperature is 37°C and person feels uncomfortable above this 
temperature. Heat capacity of air = (7/2) R. 

 (A) 4.34 minutes    (B) 5.73 minutes  
(C) 6.86 minutes    (D)7.79 minutes 

 
10. The increase in internal energy of 1 kg of water at 100°C when it is converted into steam at the same 

temperature and at 1 atm (100 k Pa) will be [The density of water and steam are 1000 kg/m3 & 0.6 
kg/m3 respectively. The latent heat of vapourisation of water is 2.25 × 106 J/kg.] 

 (A) 2.08 × 106 J (B) 4 × 107 J  (C) 3.27 × 108 J  (D) 5 × 109 J 
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11. The internal energy of a monoatomic ideal gas is 1.5 nRT. 1 mole of helium is kept in a cylinder of 
cross section 8.5 cm2. The cylinder is closed by a light frictionless piston. The gas is heated slowly in a 
process during which a total of 42 J heat is given to the gas. If the temperature rises through 2°C, the 
distance moved by the piston is [ Atmospheric pressure being 100 k Pa.] 

 (A) 10 cm  (B) 20 cm  (C) 25 cm  (D) 30 cm 
 
12. Which of the following is true regarding reversible adiabatic expansion of an ideal gas? 
 (A)Plot of T  vs  V is a straight line with slope equal o . 
 (B)Plot of ln T vs  ln V is a straight line with slop equal to . 
 (C)Plot of ln T  vs  ln V is a straight line with slope equal to − . 
 (D)Plot of ln T vs  ln V is a straight line with  slope (1 − ) 
 
13. During the adiabatic expansion of an ideal gas against atmospheric pressure, the internal energy will 
 (A) increase (B)  decrease  (C) stay the same (D)Impossible to say 
 
14. A piston is cleverly designed so that it extracts the maximum amount of work out of a chemical 

reaction, by matching Pexternal to the Pinternal at all times. This 8 cm diameter piston initially holds back 1 
mol of gas occupying 1 L, and comes to rest after being pushed out a further 2 L at 25oC. After exactly 
half of the work has been done, the piston has travelled out a total of   

 (A)   10.0 cm (B)   11.2 cm  (C)   14.5 cm  (D)   20.0 cm 
 
15. A biochemical reaction triggers the expansion of 2.5 mol of an ideal gas reversibly, coming to rest at an 

equalized pressure of 58 kPa at 37oC. If the initial volume was 55.5 litres, then the work that was done 
by the system in this process was approximately 

 (A)   4466 J (B)   −4466 J  (C)   −3600 J  (D)   3600 J 
 
16. A system undergoes a 2-step process. In step 1, 15 J of work is done on the system as its internal energy 

increases by a total of 30 J. In step 2, at constant volume, the system decreases its internal energy by 20 
J. Which statement is true about these changes? 

 (A) The system loses 5J of internal energy as a result of the net heat flow in steps 1 & 2. 
 (B) 20 J of work is done on the surroundings in step 2. 
 (C) q = + 45 J in step 1    
 (D) q = + 20 J in step 2 
 
17. One mole of ideal gas goes through the following transformations:  
 Step I:    Isochoric cooling to 1/3 of the initial temperature  
 Step II:   Adiabatic compression to its initial pressure 
 Step III:  Isobaric expansion back to the initial state 
 If the initial temperature and pressure are 600 K and 3.00 atm and if the ideal gas is 

monoatomic (Cv = 3/2R), what is the work for the third step (going from state 3 to state1)? 
 (A)  −23.8 L. atm      (B)   −9.11 L. atm  
 (C)   92.7 L. atm      (D)   9.11 L. atm 
  
18. For a fixed amount of perfect gas, which of these statements must be true? 
 (A) E and H each depend only on T.   (B) CP is constant. 
 (C)P dV = nRdT for every infinitesimal process. (D) Both (a) and (c) are true. 
 
 
 
 
 
 
 
 

3 

II 

2 

1 II
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P 
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One or more than one option correct 
 
19. Which of the following is (are) intensive thermodynamic properties? 
 (A)   Volume     (B)   Kinetic energy  
 (C)   Specific conductance   (D)   Standard Emf 
 
20. Which of the following is (are) not true regarding internal energy of a system?  
 (A)  It essentially changes during change of state.  
 (B)  Its precise and accurate measurement is impractical. 
 (C)   0dE where E stands for internal energy. 

 (D) It will have different values at the same final state if reached through different paths but from the 
same initial state. 

 
21. Which of the following relation applies appropriately when an ideal gas undergoes reversible adiabatic 

changes? 
 (A)   p = kV    (B)   T V1 −   

 (C)   Tp − 1    (D) Plot of ln p vs ln V is a straight line 
 
22. For which of the following processes, E = 0? 
 (A)   A cyclic process    (B)   An isothermal process  
 (C)   An isochoric process   (D)   Adiabatic process 
 
23. When the gas is an ideal and process is isothermal, then the correct relation is 
 (A)  1 1 2 2pV p V  (B)   E = 0  (C)   W = 0  (D)   H1 = H2 
 
24. One mole of a monoatomic ideal gas initially at a pressure of 2.00 bar and at 273 K is taken to final 

pressure of 4.00 bar by a reversible bath defined by P
V

= constant. Taking CV equal to 12.5 J mol1 K1, 

a correct conclusion for this process is(are)? 
 (A)   Final T = 1092 K    (B)   E = 10.2 kJ  
 (C)   Wsys= 3.4 kJ    (D)   Qsys = 6.8 kJ 
 
25. If 50 calorie are added to a system and system does work of 30 calorie on surroundings, the change 

in internal energy of system is 
 (A) 20 cal  (B) 50 cal  (C) 40 cal  (D) 30 cal 
 
THERMOCHEMISTRY        
 
26. The enthalpy of neutralisation of the given reaction 
 H2SO4 + 2NaOH  Na2SO4 + 2H2O + y kcal is 
 (A) y kcal  (B) –y kcal  (C) + y/2 kcal  (D)–y/2 kcal 
 
27. When solute remains in equilibrium with given solvent then 
 (A) Hhydration = Lattice energy   (B) Hhydration< Lattice energy 
 (C) Hhydration> Lattice energy   (D) None 
 
28. Which of the following is the standard heat of combustion? 

(A) C(graphite) + 1/2  O2(g)   CO(g) + x cal 
(B) C(diamond) + O2(g)   CO2(g) + y cal 
(C) C(diamond) + 1/2  O2(g)   CO(g) + z cal 
(D) None 
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29. Heat of reaction at constant p or constant v varies with temperature as given by Kirchoff’s equation 
is/are 

 (A) H2 = H1 + CP (T2– T1)   (B) E2 = E1 + CP (T2 – T1) 
 (C) H2 = H1 + Cp (T2 – T1)   (D) E2 = E1 + Cp (T2 – T1) 
 
30. For the combustion reaction at 298K H2(g) + 1/2 O2(g)   H2O (l) 
 Which of the following alternative(s) is/are correct? 
 (A) H = E  
 (B) H >E 
 (C) H <E  
 (D) H &E has no relation with each there 
 
31. The temperature of a 5 ml of strong acid increases by 5°C when 5 ml of a strong base is added to it. 

If 10 ml of each are mixed, temperature should increase by 
 (A) 5°C  (B)10°C  (C) 15°C  (D) Cannot be known 
 
32. If H2(g)  2H(g); H = 104 kcal, then heat of atomisation of hydrogen is 
 (A)52 kcal (B) 104 kcal  (C) 208 kcal  (D)None of thes 
 
33. Given N2(g) + 3H2(g)   2NH3(g); H0 = –22 kcal. The standard enthalpy of formation of NH3 gas 

is 
 (A) –11 kcal/mol (B) 11 kcal/mol (C)–22kcal/mol       (D)22kcal/mol 
 
34. Heat of combustion of CH4, C2H4, C2H6 are –890, –1411 and –1560 kJ/mol respectively. Which of 

the given hydrocarbons has the lowest calorific fuel value in kJ/g. 
 (A) CH4  (B) C2H4  (C) C2H6  (D)All same 
 
35. H for CaCO3(s)  CaO(s) + CO2(g) is 176 kJ mol–1 at 1240 K. The E for the reaction is equal 

to 
 (A) 160 kJ (B) 165.6 kJ  (C) 186.3 kJ  (D) 180.0 kJ 
 
36. Cdiamond + O2(g)  CO2(g); H = –395 kJ  ..(i) 
 Cgraphite + O2(g)  CO2(g); H = –393.5 kJ ..(ii) 
 The H, when diamond is formed from graphite is 
 (A)–1.5 kJ (B)+1.5 kJ  (C)+3.0 kJ  (D)–3.0 kJ 
 
37. An athlete is given 100 g of glucose (C6H12O6) of energy equivalent to 1560 kJ. He utilizes 50 percent 

of this gained energy in the event. In order to avoid storage of energy in the body, the weight of water 
he would need to perspire is- (The enthalpy of evaporation of water is 44 kJ/mole.) 

 (A) 319 gm (B) 422 gm  (C) 293 gm  (D) 378 gm 
 
38. In which case of mixing of a strong acid and a strong base each of 1 N concentration, temperature 

increase is highest. 
 (A) 20 ml acid – 30 ml alkali  (B) 10 ml acid – 40 ml alkali 
 (C) 25 ml acid – 25 alkali  (D) 35 ml acid – 15 ml alkali 
 
39. The enthalpy of combustion of H2(g) at 298 K to give H2O is – 298 kJ mol–1 and bond enthalpies of   

H – H and O = O are 433 kJ mol–1 and 492 kJ mol–1 respectively. The bond enthalpies of O – H is: 
 (A) 464 kJ mol–1    (B) 488.5 kJ mol–1  

(C) 232 kJ mol–1    (D) – 232 kJ mol–1 
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40. If H2 + 1/2 O2 H2O, H = – 68.39 kcal  
 K + H2O    KOH (aq) + 1/2 H2, H = – 48 kcal 
 KOH + water    KOH (aq),  H = – 14 kcal 
 The heat of formation of KOH is  
 (A) – 68.39 + 48 – 14     (B) – 68.39 – 48 + 14  

(C) 68.39 – 48 + 14     (D) + 68.39 + 48 – 14 
 
41. The difference between the heat of reaction of constant pressure and constant volume for the reaction   

2C6H6( l ) + 15O2(g) 12CO2(g) + 6H2O ( l ) at 25°C in kJ is  
 (A) – 7.43   (B) 3.72  (C) – 3.72  (D) 7.43 
 
42. For the combustion of n-octane C8H18(g) + O2 (g)   CO2 (g) + H2O ( l ) at 25°C (ignoring 

resonance in CO2), which statement is correct. 
 (A) H = E – 5.5 × 8.31 × 0.298 in kJ/mol  

(B) H = E + 4.5 × 8.31 × 0.298 in kJ/mol 
 (C) H = E – 4.5 × 8.31 × 0.298 in kJ/mol  

(D) H = E – 4.5 + 8.31 × 0.298 in kJ/mol 
 
43. In the reaction  CO2(g) + H2(g)   CO(g) + H2O(g); H = 2.8 kJH represents 
 (A) heat of reaction    (B) heat of combustion  

(C) heat of formation    (D) heat of solution 
 
44. The standard heat of combustion of Al is – 837.8 kJ mol–1 at 25°C which of the following releases 250 

kcal of heat ? 
 (A) The reaction of 0.624 mol of Al   

(B) The formation of 0.624 mol of Al2O3 
 (C) The reaction of 0.312 mol of Al  
 (D) The formation of 0.150 mol of Al2O3 
 

45. If  S + O2  SO2, H = – 298.2 kJ mole–1 

 SO2 + 1/2 O2  SO3H = – 98.7 kJ mole–1 
 SO3 + H2O   H2SO4, H = – 130.2 kJ mole–1 

 H2 + 1/2 O2   H2O, H = – 287.3 kJ mole–1 
 the enthalpy of formation of H2SO4 at 298 K will be - 

 (A) – 814.4 kJ mol|–1     (B) + 814.4 kJ mole–1  
(C) – 650.3 kJ mole–1     (D) – 433.7 kJ mole–1 

 
46. When a certain amount of ethylene was combusted, 6226 kJ heat was evolved. If heat of combustion of 

ethylene is 1411 kJ, the volume of O2 (at NTP) that entered into the reaction is - 
 (A) 296.5 ml (B) 296.5 litres (C) 6226 × 22.4 litres (D) 22.4 litres 
 
47. Given the following reactions : 
 I : N2(g) + 2O2 (g)   2NO2 (g), H1 = 16.18 kcal 

 II : N2(g) + 2O2(g)   N2O4 (g),   2H = 2.31 kcal 
 Based on the above facts : 
 (A) NO2 is more stable than N2O4 at low temperature 
 (B) N2O4 is more stable than NO2 at low temperature 
 (C) both are equally stable at low temperature  
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 (D) none of the above 
48. Given H2(g) + Br2(g)   2HBr(g), H01 and standard enthalpy of condensation of bromine is  

      H02, standard enthalpy of formation of HBr at 250C is 
 (A) H01 / 2     (B) H01 / 2 + H02  

(C)H01 / 2 H02    (D) (H01  H02) / 2 
 
49. Trans  2 butene is more stable as compared to cis 2 butene. When a given sample of 2 butene is heated 

at constant volume, the concentration of trans 2 butene 
 (A) increases     (B) decreases   

(C) remains same     (D) changes unpredictably 
 
50. The heat of formation H2O ( l ) is 68.0 kcal, the heat of formation of H2O(g) is likely to be 
 (A) 68.0 kcal (B) 69.4 kcal (C) 80.0 kcal  (D) 58.3 kcal 
 
51. Enthalpy of polymerisation of ethylene, as represented by the reaction, 
 nCH2=CH2  ( CH2 CH2  )n is -100kJ per mole of ethylene. Given bond enthalpy of C=C bond 

is 600 kJ mol 1 , enthalpy of C C bond (in kJ mol) will be : 
 (A) 116.7  (B) 350  (C) 700            (D) indeterminate  
 
52. In the reaction CS2 ( l ) + 3O2 (g) CO2 (g) + 2SO2 (g)  H = 265 kcal 
 The enthalpies of formation of CO2 and SO2 are both negative and are in the ratio 4 : 3. The enthalpy of 

formation of CS2 is +26kcal/mol. Calculate the enthalpy of formation of SO2. 
 (A) – 90 kcal/mol     (B) – 52 kcal/mol 
 (C) – 78 kcal/mol     (D)–71.7 kcal/mol 
 
53. The enthalpy of neutralisation of a strong acid is 13,700 calories. A certain monobasic weak acid is 

14% ionized in a molar solution. If the enthalpy of ionization of the weak acid is + 366 calories/mole, 
what is the enthalpy of neutralisation of one molar solution of the weak acid?    

 (A) 13,649 cals     (B) 13,385 cals  
(C) 14,066 cals     (D)13,334 cals 

 
54. When 12.0 g of carbon reacted with oxygen to form CO and CO2at 25°C and constant pressure,75.0 

kcal of heat was liberated and no carbon remained. The mass of oxygen needed for it will be 
 [Given Hf (CO2) = – 94.05 and Hf (CO) = – 26.41 kcal mole–1.] 

 (A) 32.33 gm (B) 27.49 gm  (C) 49.99 gm  (D) 56.62 gm 
 
55. For which of the following equations, will H be equal to E? 
 (A) H2(g) + ½ O2(g)  H2O(l)  (B) H2(g) + I2(g) 2HI(g) 

 (C) 2NO2(g)  N2O4(g)   (D) 4NO2(g) + O2(g)  2N2O5(g) 
 
56. The bond enthalpies of HH, ClCl and HCl are 435, 243 and 431 kJ mol1, respectively. The 

enthalpy of formation of HCl(g) will be  
 (A) 92 kJ mol1 (B)  92 kJ mol1 (C) 247 kJ mol1 (D) 770 kJ mol1 
 
57. If H+ + OH– H2O + 13.7 kcal then the enthalpy change for complete neutralisation of 1 mole of 

H2SO4 by base will be 
(A) 13.7 kcal (B) 27.4 kcal (C) 6.85 kcal  (D) 3.425 kcal 

 
58. The enthalpy of combustion of carbon and carbon monoxide are –390 kJ and –278 kJ respectively. 

The enthalpy of formation of CO in kJ is 
(A) 668  (B) 112  (C) –112  (D) –668 
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59. Under the same conditions how many ml of 1 M KOH and 0.5 M H2SO4 solutions, respectively 

when mixed for a total volume of 100 ml produce the highest rise in temperature 
(A) 67 : 33 (B) 33 : 67  (C) 40 : 60  (D) 50 : 50 

 

60. H of sublimation of a solid is equal to 
 (A) Hfusion + Hcondensation   (B) Hcondensation + Hsublimation 
 (C) Hcondensation –Hfusion    (D) Hvaporisation + Hfusion 
 
61. AB, A2 and B2 are diatomic molecules. If the bond enthalpies of A2, AB & B2 are in the ratio 1:1:0.5 

and enthalpy of formation of AB from A2 and B2 –100 kJ/mol–1. What is the bond enthalpy of A2? 
 (A) 400 kJ/mol (B) 200 kJ/mol (C) 100 kJ/mol (D)300 kJ/mol 
 
62. Which of the following corresponds to the definition of enthalpy of formation at 298 K? 

(A) C(graphite) + 2H2(g) + 1/2 O2(l)   CH3OH(g) 
(B) C(diamond) + 2H2(g) + 1/2 O2(g)   CH3OH (l) 
(C) 2C(graphite) + 4H2(g) + 4H2(g) + O2(g)   2CH3OH (l) 
(D) C(graphite) + 2H2(g) + 1/2 O2(g)   CH3OH(l) 

 
 
2ND LAW OF THERMODYNAMICS 
 
63. Entropy change of vaporisation at constant pressure is given by 

 (A)S(v) = 
T
Hv  (B) S(v) = 

T
Ev  (C) S(v) = 

T
Hv


  (D) None 

 
64. 1 mole of an ideal gas at 25°C is subjected to expand reversibly ten times of its initial volume. The 

change in entropy of gas is 
 (A)19.15 JK–1 mol–1    (B) 16.15 KJ–1 mol– 

 (C) 22.,15 JK–1 mol–1    (D) None 
 
65. The entropy change for the reaction given below is 
 2H2(g) + O2(g)  2H2O(l) 
 is … at 300 K. Standard entropies of H2(g). O2(g) and H2O(l) are 126.6, 201.20 and 68.0 JK–1 mol–1 

respectively. 
 (A)–318.4 JK–1 mol–1    (B) 318.4  JK–1 mol–1 
 (C)31.84  JK–1 mol–1    (D) None 
 
66. At equilibrium condition, the value of Gibbs free energy change, G is 
 (A)Equal to zero     (B)Greater than one 
 (C)Less than one     (D)Equal to one 
 
67. For spontaneous reaction the value of change of Gibbs free energy, G is 
 (A)Negative     (B)Positive 
 (C)Greater than one    (D)One 
 
68. The entropy change during an isothermal expansion of an ideal gas from V1 to V2 at temperature T is 

given by  
 (A) S = 0     (B) S = 2.303 nR log10 (V2/V1) 
 (C) S = = 2.303 RT log10 (V2/V1)  (D) S = 2.303 R log10 (V2/V1) 
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69. Select the correct alternate for the endothermic change - 
 (A) H > 0, S(system)< 0   (B)H > 0, S(system)> 0  
 (C)H < 0, S(surrounding)< 0  (D)H > 0, S(surrounding)> 0 
 
70. Select the correct option for the exothermic process 
 (A)H < 0, S(surrounding)> 0  (B)H < 0, S(system)< 0  
 (C) both (a) and (b)    (D) none of these 
 
71. For the reaction at 298 K     CaCO3 (s)CaO(s) + CO2 (g)  
 H° = 178.3 kJ 
 S° = 160 Jk–1 
 Select correct statement : 
 (A) the reaction is spontaneous at this temperature (298 K) 
 (B) if temperature is decreases forward reaction is fevoured 
 (C) the reaction is spontaneous in forward direction only at temperature above1000K 
 (D) the reaction is spontaneous in forward direction only at temperature above1114K 
 
72. For the gas - phase decomposition, PCl5 (g) PCl3 (g) + Cl2 (g) : 
 (A) H < 0, S < 0    (B) H > 0, S > 0  

(C) H > 0, S < 0    (D) H < 0, S > 0 
 
73. When one mole of an ideal gas is compressed to half its initial volume and simultaneously heated to 

twice its initial temperature, the change in entropy (S) is - 
 (A) CV ln 2 (B) CP ln 2  (C) R ln 2  (D) (CV – R) ln 2 
 
74. F2C = CFCF = CF2 Product 
 For this reaction, H = 49.0 kJ/mole;S = 140.2 JK . Upto what temperature is the forward 

reaction spontaneous?    
 (A) 14920C (B) 12190C  (C) 9460C  (D) 10800C 
 

75. G° for the reaction 2NO (g) + O2 (g)   N2O4 (g) at 298K and 1 atm pressure, will be [given that 

the enthalpy of formation of NO (g) is 90.5 kJ mol–1. The enthalpy of formation of N2O4 (g) is 9.7kJ 

mol–1. The standard entropy of NO (g) is 210 J k–1 mol–1, O2 (g) is 205 JK–1 mole–1, N2O4 (g) is 
304 JK–1 mol–1.] 

 (A) – 52.92 KJ (B) – 75.64 KJ  (C) – 64.24 KJ  (D) – 83.27 KJ 
 
76. The equilibrium constant for the reaction, A   B was measured over a range of temperature and can be 

represented by the equation, ln Kp = 4.814 – (2059/T) 
 Then G°, H°, S° for the reaction at 298 K will be  
 (A) G° = 6.25 kJ, H° = 18.29 kJ, S° = 45 Jk–1 mole–1  
 (B) G°  = 7.323 kJ, H° = 19.37 kJ, S° = 48 Jk–1 mole–1  
 (C) G°  = 8.729 kJ, H° = 20.22 kJ, S° = 51.23 Jk–1 mole–1  
 (D) G°  = 5.185 kJ, H° = 17.11 kJ, S° = 40 Jk–1 mole–1  
 
77. At 25oC, which of the following substances has the highest molar entropy? 
 (A)   Al(s)  (B)   C6H6(l)  (C)   C2H6(g)  (D)   CH4(g) 
 
78. What is the minimum temperature at which the process below will be spontaneous, given that ∆H o

nr  =  
+ 85 kJ and  

 ∆S o
nr  = 198 J/K for the reactionN2F4(g)  NF2(g) 
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(A) T = 144 K (B)   T = 298 K (C)   T = 429.3 K (D)   T = 2330 K 
79. Which of the following is true of this reaction? 
 2N2O5(g)   4NO2(g) + O2(g),  ∆Ho = 110 kJ 
 (A) Both ∆Ho and ∆So favour the reaction’s spontaneity 
 (B) Both ∆Ho and ∆So oppose the reaction’s spontaneity. 
 (C) ∆Ho favours the reaction, but ∆So opposes it. 
 (D) ∆Ho opposes the reaction, but ∆So favours it. 
 
80. Use the following data to calculate ∆So for the reaction: 
    2NH3(g)   N2(g) + 3H2(g) 
  

Compound So (J/mol-K) 
H2(g) 
N2(g) 
NH3(g) 

−98.74 
−114.99 
−304.99 

 
 (A) −198.8 J/K (B) −91.26 J/K (C) −106.22 J/K (D) 198.8 J/K 
 
81. The statement “ If an object A is in thermal equilibrium with an object B, and B is in thermal 

equilibrium with an object C, then C is also in thermal equilibrium with A” is an example of which of 
the following laws? 

 (A) The Zeroth Law of Thermodynamics   
 (B) The First Law of Thermodynamics 
 (C) The Second Law of Thermodynamics   
 (D) The Third Law of Thermodynamics 
 
82. At what temperature will the following process would not be spontaneous? 
   A(g)  A(l)  ∆H = −20 kJ  ∆S = −50 J/K 
 (A)   > 200 K (B)   > 300 K  (C)   > 350K  (D)   > 400 K 
 
83. A certain process releases 64.0 kJ of heat, which is transferred to the surroundings at a constant pressure 

and a constant temperature of 300 K. For this process ∆Ssurr is 
 (A)   64.0 kJ (B)   −64.0 kJ  (C)   −213 J/K  (D)   213 J/K 
 
84. The temperature at which the reaction, 
 Ag2O(s)  2Ag(s) + 1/2O2(g) 
 Is at equilibrium at temperature …; Given H = 30.5 kJ mol–1 and S = 0.066 kJ K–1 mol–1 
 (A) 462.12 K (B) 362.12 K (C) 262.12 K  (D) 562.12 K 
 
85. If S0 for H2, Cl2 and HCl are 0.13, 0.22 and 0.19 kJ K–1 mol–1 respectively. The total change in 

standard entropy for the reaction H2 + Cl2 2HCl is 
 (A) 30 JK–1mol–1 (B) 40 JK–1mol–1 (C) 60 JK–1mol–1 (D) 20 JK–1mol–1 
 
86. In which case, a reaction is possible at any temperature? 
 (A) H < 0, S > 0    (B) H < 0, S < 0  
 (C) H > 0, S > 0    (D) None 
 
87. Which of the following has impossibilities of reaction at any temperature? 
 (A) H > 0, S< 0    (B) H > 0, S > 0  
 (C) H < 0, S < 0    (D) None 
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ANSWERS TO FOUNDATION BUILDERS 
 

1) C 2) D 3) A 4) A 5) B 6) B 
7) C 8) A 9) C 10) A 11) B 12) D 
13) B 14) C 15) B 16) A 17) A 18) A 
19) CD  20) AD 21) BCD 22) AB 23) ABD 24) ABC 
25) A 26) D 27) A 28) D 29) A 30) C 

31) A 32) A 33) A 34) B 35) B 36) B 
37) A 38) C 39) B 40) B 41) A 42) A 

43) A 44) B 45) A 46) B 47) B 48) D 

49) B 50) D 51) B 52) D 53) B 54) B 
55) B 56) B 57) B 58) C 59) D 60) D 
61) A 62) D 63) A 64) A 65) A 66) A 
67) A 68) B 69) B 70) C 71) D 72) B 

73) D 74) B 75) B 76) D 77) C 78) C 
79) D 80) D 81) A 82) D 83) D 84) A 
85) A 86) A 87) A       
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FOUNDATION BUILDERS (SUBJECTIVE PROBLEMS) 
 

FIRST LAW 
 
1. Find the work done whenone mole of the gas is expanded reversibly and isothermally from 5 atm to 

1 atm at 250C.  
 
2. Find the final temperature of a sample of CO2 of mass 16.0 g that is expanded reversibly & 

adiabatically from 500 mL at 298 K to 4.00 L. ( = 4/3) 
 
3. The gas is cooled and loses 65 J of heat. The gas contracts as it cools and work done on the system 

equal to 20 J is exchanged with the surroundings. What are q, w and E? 
 
 
4. If 1.0 k cal of heat is added to 1.2 L of O2 in a cylinder of constant pressure of 1atm, the volume 

increases to 1.5 L. Calculate H and E of the process. 
 
5. When 1 mole of ice melts at 0°C and at constant pressure of 1 atm. 1440 calories of heat are 

absorbed by the system. The molar volumes of ice and water are 0.0196 and 0.0180 litre 
respectively. Calculate H and E for the reaction.  

 
6. Water expands when it freezes. Determine amount of work in joules, done when a system consisting 

of 1.0 L of liquid water freezes under a constant pressure of 1.0 atm and forms 1.1 L of ice. 
 
7. Lime is made commercially by decomposition of limestone CaCO3. What is the change in internal 

energy when 1.00 mole of solid CaCO3 (V = 34.2 ml) absorbs 177.9 kJ of heat and decomposes at 
25°C against a pressure of 1.0 atm to give solid CaO. (Volume = 16.9 ml) and CO2 (g) (V = 24.4 L). 

 
8. One mole of solid Zn is placed in excess of dilute H2SO4 at 27°C in a cylinder fitted with a piston. 

Find the value of E, q and w for the process if the area of piston is 500 cm2 and it moves out by 50 
cm against a pressure of 1 atm during the reaction. The heat given to surrounding is 36.5 kJ.  

    Zn(s) + 2H+ (aq)   Zn2+ (aq) + H2(g)  
 
9. Two mole of ideal diatomic gas (CV,m = 5/2 R) at 300 K and 5 atm expanded irreversly & 

adiabatically to a final pressure of 2 atm against a constant pressure of 1atm. Calculate q, w,H 
&V. 

 
10. Five moles of an ideal gas at 300 K, expanded isothermally from an initial pressure of 4 atm to a 

final pressure of 1 atm against a constant ext. pressure of 1 atm. Calculate q, w,U &H. Calculate 
the corresponding value of all if the above process is carried out reversibly.  

 
11. Calculate the max. work done by system in an irreversible (single step) adiabatic expansion of 1 

mole of a polyatomic gas from 300K and pressure 10 atm to 1 atm.( = 1.33). 
 
12. 1 mole of CO2 gas at 300 K is expanded under reversible adiabatic condition such that its volume 

becomes 27 times. 
 (a)What is the final temperature?   (b)What is work done? 
 Given  = 1.33 and CV = 25.08 J mol1K1 for CO2.  
 
13. Three moles of a ideal gas at 200 K and 2.0 atm pressure undergo reversible adiabatic compression 

until the temperature becomes 250 K for the gas CV is 27.5 JK1 mol1in this temperature range. 
Calculate q, w, U, H and final V and final P. 
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14 A sample of a fluorocarbon was allowed to expand reversibly and adiabatically to twice its volume. 
In the expansion the temperature dropped from 298.15 K to 248.44 K. Assume the gas behaves 
perfectly. Estimate the value of CV,m. 

 
15 Find  the work done when one mole of the gas is expanded reversibly and isothermally from 5 atm 
 to 1 atm at 25°C. 
 
16 One mole of ideal monoatomic gas is carried through the reversible cyclic 

process as shown in figure. Calculate.     
 (a) work done by the gas  
 (b) The heat exchanged by the gas in path CA and AB. 
 (c) Net heat absorbed by the gas in the path BC. 
 (d) The max. temperature attained by the gas during the cycle. 
 
 
17. One mole of an ideal monoatomic gas is carried through the cycle of the given 

figure consisting of step A, B and C and involving state 1,2 and 3.  
 Fill in the blank space in the table given below assuming reversible steps.         

 

 
 
 
18. One mole of an ideal monoatomic gas is put through rev path as shown in figure. Fill in the blank in 

the table given below:            

     

  
 
 
19. The given figure shows a change of state A to state C by two paths ABC 

and AC for an ideal gas. Calculate the: 
 (a)  Path along which work done by the gas is least.    

  
 (b) Internal energy at C if the internal energy of gas at A is 10 Jand amount 

of heat supplied to change its state to C through the path AC is 200 J. 
 (c)Amount of heat supplied to the gas to go from A to B, if internal 

State P V T
1
2
3

Table-1

Step Name of process q w E H
A
B
C

State P V T
1
2
3

Step Name of process q w E H
A
B
C

03P

0P

0V
02V

273 K 546 K
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energy change of gas is 10 J. 
 
20. For the reaction H2F2(g)  H2(g) + F2(g) E = 14.2 k cal/mole at 250C . Calculate H. 
 
21. Calculate the amount of heat necessary to raise 213.5 g of water from 250to 1000C. Molar heat 
 capacity of water is 18 cal  mole1 K1

. 
 
22. A gas expands from a volume 3.0 dm3 to 5.0 dm3 against a constant pressure of 3.0 atm. The work 

done during expansion is used to heat 10.0 mol of water of temp. 290 K. Calculate the final 
temperature of water. [ Sp heat = 4.18 J K1 g1] 

 
THERMOCHEMISTRY 
23. The molar heat of formation of NH4NO3(s) is -367.5 KJ & those of N2O(g) & H2O(l) are 81.46 and -

285.78 kJ at 250C& 1 atm. CalculateH &E  for the reaction ; 4 3 2 2NH NO N O 2H O   
 
24. An element was found to have a specific heat capacity of 0.0276 cal/g K. If 114.79 g of a chloride of 

this elements contained 79.34 g of the matallic element what is the exact atomic weight of this 
element ? 

 
25. The heat of reaction½H2 + ½ Cl2HCl at 270C  is - 22.1 k cal . Calculate the heat of reaction at 
 770C. The  molar heat capacities atconstant press at 270C for hydrogen, chlorine & HCl are 
 6.82, 7.70 & 6.80 cal mol1 respectively.  
 
26. The standard heats of formation of CH4(g), CO2(g) and H2O(l) are - 76.2, -398.8, - 241.6 kJ 

mol1.Calculate amount of heatevolved by burning 1 m3 of methane measured under normal 
(STP)conditions.  

 
27. When 2 moles of C2H6are completely burnt 3120 kJ of heat is liberated. Calculate the heat of 

formation,  
 H 0

f for C2H6 . Given H 0
f for CO2(g)& H2O(l) are - 395 & - 286 kJ  respectively. 

 
28. Calculate standard heats of formation of carbon-di-sulphide (l). Given the standard heat of 

combustion of carbon (s), sulphur (s) & carbon-di-sulphide (l)are : - 393.3, - 293.72 and -1108.76 kJ  
mol1respectively. 

 
29. Calculate the mass of mercury which can be liberated from HgO at 25oC by the treatment of excess 
 HgO with 41.84 kJ of heat at  
 (i) constant pressure  (ii) constant volume conditions. 
 Given :H o

f (HgO,s) = - 90.8 kJ mol1& M (Hg) = 200.6 g mol1 
 
30. The enthalpies of combustion of C2H4(g), C2H6(g) & H2(g) are - 1410.8, - 1559.8 & -285.9 kJ mol1

 respectively . What is the enthalpy of hydrogenation of ethylene? 
 
31. A cylinder of gas supplied by a company contains 14 kg of butane. The heat of combustion of 
 butane is 2658 kJ/mol. A normal family requires 20 MJ of energy per day of cooking. If the 
 cylinder lasts for 26 days, what percentage of gas is wasted due to inefficient combustion.  
 
32. The heat of combustion of Acetylene is 312 kcals. If the heat of formation of CO2 is 

94.38 kcals and that of water is 68.38 kcals. Calculate the C  C bond energy; assuming 
that the bond energy of C – H is 93.6 kcals. Heat of atomisation of C and H are 150 and 
51.5 kcals respectively. 

 
33. The heat of solution of anhydrous CuSO4 is – 15.9 kcal and that of CuSO4.5H2O is 2.8 

Kcal. Calculate the heat of hydration of CuSO4. 
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34. Heats of neutralisation (H) of NH4OH and HF are –51.5 and 68.6 kJ respectively. 
Calculate their heats of dissociation. 

 
35. Calculate the heat of reaction at 25°C for the reaction: 
 C2H4(g) + H2(g)  C3H6(g) 
 Given that the heats of combustion of ethylene, hydrogen and ethane at 25°C are 337.0, 

68.4 and 373.0 kcal respectively. 
 
36. The commercial production of water gas utilizes the reaction under standard conditions: 
  C + H2O(g) H2 + CO. The heat required for this endothermic reaction may be 

supplied by adding a limited amount of air and burning some carbon to CO2. How many 
gm of carbon must be burnt to CO2 to provide enough heat for the water gas conversion 
of 100g carbon. Neglect all heat losses to environment. 0

fH of CO, H2O(g) and CO2 are –
110.53, –241.81 and –393.51 kJ/mol respectively. 

 
37. Heat of combustion of glucose at constant pressure at 17°C was found to be  

–651,000 cal. Calculate the heat of combustion of glucose at constant volume 
considering water to be in the gaseous state. 

 
38. The combustion of methane takes place according to the following equation: 

CH4(g) + 2O2(g)  CO2(g) + 2H2O(l);  H = –8903 kJ 
 a)How many grams of methane would be required to produce 89.03 kJ of heat of 

combustion? 
 b)How many grams of carbon dioxide would be formed when 89.03 kJ of heat is 

evolved? 
 
39. A Carnot’s engine working between two temperatures has an efficiency of 40%. When 

the temperature of the sink is reduced by 60°C, the efficiency increases to 55%. 
Calculate the two temperatures in the first case. 

 

40. 0.50 g of benzoic acid was subjected to combustion in a bomb calorimeter at 15°C when 
the temperature of the calorimeter system (including water) was found to rise by 0.55°C. 
Calculate the heat of combustion of benzoic acid: (i) at constant volume, (ii) at constant 
pressure. The thermal capacity of the calorimeter system including water was found to 
be 23.85 kJ. 

 

41. The enthalpy change involved in the oxidation of glucose is –2880 kJ mol–1. Twenty five 
percent of this energy is available for muscular work. If 100 kJ of muscular work is 
needed to walk one kilometre, what is the maximum distance that a person will be able 
to walk after eating 120 g of glucose?         

 

42. The heat of reaction (H) for the formation of NH3 according to the reaction  
N2 + 3H2  2NH3 at 27°C was found to be –91.94 kJ. What will be the heat of 
reaction H at 50°C. R [= 8.31 J/mol/0k]. 

 

43. For the reaction A2(g) + 3B(g)  AB(g) + AB2(g) 
.kJ100H K3000   Calculate .H K6000  Given molar heat capacity of monoatomic gas =    

( + T) J/mol 

Diatomic gas  = mol/JT2
5
7








   

polyatomic gas = mol/JT4
5
8








   (,  are constatns) 

44. A piston exerting a pressure of 1.0 atm rests on the surface of water at 100°C. The 
pressure is reduced to smaller extent and as a result 10g of water evaporates and 
absorbs 22.2 kJ of heat. Calculate (a)  H (b) heat of vaporizationHV (c) W (D) E. 
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45. From the following data, calculate  the enthalpy change for the combustion of 

cyclopropane at 298 K. The enthalpy of formation of CO2(g), H2O(l) and propene (g) are 
– 393.5, – 285.8 and 20.42 kJ mol–1 respectively. The enthalpy of isomerisation of 
cyclopropane to propene is – 33.0 kJ mol–1.      

 
46. Calculate the heat of formation of KOH (s) using the following equations. 

K(s) + H2O(l) + aq  KOH (aq) + 1/2 H2(g)  H = – 48 kcal   …(1) 
H2(g) + 1/2 O2 (g)  H2O(l)      H = – 68.4 kcal   …(2) 
KOH (s) + aq KOH (aq)     H = –14.0 kcal   …(3) 

 
47. For the reaction  CO(g) + H2O(g)  CO2(g) + H2(g) ; H0

300K = - 10 kcal/mol.Heat capacity data for 
reactant &product are : 

 CP (CO) = CP (H2) = 6.6  102 T  ; CP(CO2) = 7.3 + 3   102T 
 CP(H2O) = 7.3 + 2   102 T. 
 Find the value at 1000 K. All CP values are in J/mol K. (1 cal = 4.18 J) 
 
48. Reactions involving gold have been of particular inerest to alchemists. Consider the following 

reactions,  
 Au(OH)3 + 4HCl  HAuCl4 + 3H2O, H = - 28 kcal  
 Au(OH)3 + 4HBr HAuBr4 + 3H2O, H = - 36.8 kcal  

In an experiment there was an absorption of 0.44 kcal when one mole of HAuBr4 was mixed with 4 
moles of HCl. Calculate the fraction of HAuBr4 converted into HAuCl4& the percentage conversion.
  

49. The Born - Haber cycle for rubidium chloride (RbCl) is given below (the energies are in k cal mol1) 
 

 
 Find out the electron affinity of chlorine in kJ mol1. 
 

 
50. (i) Cis - 2 - butene trans - 2 –butane    H1,  
 (ii) Cis - 2- butene  1 - butene    H2,   
 (iii) Trans - 2 butene is more stable than cis - 2 butene. 
 (iv) Enthalpy of combustion of 1 - butene ,    H = - 649.8 kcal/mol. 
 (v) 9H1 + 5H2 = 0 
 (vi) Enthalpy of combustion of trans – 2 butene  H  = - 647.0 kcal/mol. 
 Calculate H1&H2. 
 

51. Calculate the heat of combustion of methyl alcohol at 298 K from the following data  
 Bond  C - H  C - O  O - H  O = O  C = O 
 Energy 
 kJ mol1 414  351.5  464.5  494  711 
 Resonance energy of CO2= - 143 kJ mol1 
 Latent heat of vaporisation of methyl alcohol = 35.5 kJ mol1 
 Latent heat of vaporisation of water = 40.6 kJ mol1 
 
 
 



 

Head Office: Andheri :26245223 MUMBAI/ DELHI/AKOLA/ KOLKATA /LUCKNOW # 
 

56 

IIT PACE -ian’s Edu.Pvt.Ltd. CHEMICAL ENERGETICS Rg -  CE -12

 
 
 
 
SECOND LAW 
 
52. Calculate S 0

f  at 298 K of ; (i) NaCl (s) , (ii)  NH4Cl(s)& (iii) diamond .  
The values of S0of Na, Cl2, NaCl, NH4Cl, N2, H2 diamond & graphite are 51,223, 72, 95, 192,131, 
2.43 & 5.69  JK1 mol1 respectively. 

 
53. The entropy change when 1 mole of solid ethanol melts at its normal melting point is 29.4 JK1

 mol1. The enthalpy of fusion of ethanol is 4.60 kJ mol1. Calculate the melting point of ethanol.  
 
54. Using the date given below, establish that the vaporization of CCl4(l) at 298 K to produce CCl4(g) 

at1 atm pressure does not occur spontaneously . 
 Given : CCl4 (l, 1 atm)  CCl4 (g 1 atm)  : S0 = 94.98 JK1 mol1 ; 
  H0

f(CCl4, g) = - 106.7 kJ mol1&H0
f (CCl4, l) = - 139.3 kJ mol1 

 

55. Compute H0&S0&G0at 298 K for the reaction ; CO(g) + 1
2

 O2(g) CO2(g) using the following 

data ; H0
f (CO, g) = - 110.5 kJ mol1 

  H0
f (CO2, g) = - 393.5 kJ mol1 , S0(CO, g) = 197.6 Jk1 mol1 

  S0(O2, g) = 205.0 Jk1 mol1  & S0(CO2, g) = 213.7 Jk1 mol1 
 
56. For the reaction 2A2(g) + B(g)  2D(g) ; E0 = -10.46 kJ mol1 and  
 S0 = -43.93 Jk1 mol1 . Predict the reaction at 298 K is feasible? 
 
57. One mole of monoatomic gas was taken through a cyclic process as shown in figure. 

 
 Calculate. rev

ABCA

dq
T . 

 

58. One mole of NaCl (s) on melting absorved 30.5 KJ of heat and its entropy is increased by 28.8 JK1. 
What is the melting point of sodium chloride? 

 
59. Oxygen is heated from 300 to 600 at a constant pressure of 1 bar. What is the increases in molar 

entropy? The molar heat capacity in JK1mol1for the O2is  
  CP = 25.5 + 13.6 × 103T– 42.5 × 107 T2  
 
60. Calculate the free energy change at 298 K for the reaction ; 
 Br2(l) + Cl2(g) 2BrCl(g). For the reaction Hº = 29.3 kJ  & the entropies of  Br2(l), Cl2(g) & 

BrCl(g) at the 298 K are 152.3, 223.0, 239.7 J mol1 K1 respectively. 
 
61. Animals operate under conditions of constant pressure and most of the processes that maintain life 

are electrical (in a broad sense). How much energy is available for sustaining this type of muscular 
and nervous activity from the combustion of 1 mol of glucose molecules under standard conditions at 
37°C (blood temperature)? The entropy change is + 182.4 JK1 for the reaction as stated. 

   Hcombustion [glucose]= –2808 KJ 
 
62. From the given table answer the following questions:    
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 Reaction: H2O(g) + CO(g)  H2(g) + CO2(g) 
 (i) Calculate r H 298

o  (ii) Calculate r G 298
o   (iii) Calculate r S 298

o   
 (iv) Calculate r E 298

o  (v) Calculate S 298
o [H2O(g)]  

 
 

ANSWER - FOUNDATION BUILDERS 
 

1. w = - 3.988 kJ  2. T = 149 K  3. q = – 65 J ; w =  20 J; E = – 45 J  
 

4. E = 0.993 k cal, H = 1 k cal   5. H E = 1440 calories  6. – 10 J
  
 
7. q = 177.9 kJ, w = – 2.5 kJ ; E = 175.4 kJ   8.∆E = – 39.03 KJ/mole; q = – 36.5 KJ;w = – 2.53 
KJ  
9.U = w = –1247.1 ;H = – 1745.94 J   10. wirr= – 9353.25, wrev= –17288.47 J,U = H =0  
 
11. – 1.683 kJ  12. T2 = 100 K ;  W = 5.016 KJ 
 
13. q = 0; w =U= 4.12 KJ; H = 5.37 KJ; Vf = 11.8 dm3; P = 5.21 atm 
 
14. CV,m= 31.6 JK–1mol–1 15. w = 3.988 kJ  
 

16. W = P0V0 ; qCA = 5
2

   P°V° ; qAB = 3P°V° ; qBC = 1
2

P°V°  Tmax = 
0 025

8
P V

R
 
 
 

   

  
17. 

  
  
 

  
18.  

 
 
 
 
 

  
 
19. (a) AC, (b) 170 J, (c) 10 J 
 

CO(g) CO2(g) H2O(g) H2(g)
H°298 (-KCal/mole) –26.42 –94.05 –57.8 0
G°298 (-KCal/mole) –32.79 –94.24 –54.64 0
S°298 (-Cal/Kmole) 47.3 51.1 ? 31.2

Step Name of process q w E H
A Isochoric 3/2 R(273) 0 3/2 R(273) 5/2 R(273)
B Isothermal R ln 2 R ln 2 0 0
C Isobaric –5/2 R (273) R (273) –3/2 R (273) –5/2 R (273)

Cyclic –R(273) + R ln 2 R(273)-R ln 2 0 0

Step Name of process q w E H
A Isobaric 5/2 R(273) – R (273) 3/2 R(273) 5/2 R(273)
B Isochoric –3/2 R (273) 0 –3/2 R (273) –5/2 R(273)
C Isothermal –R ln 2 R ln 2 0 0

Cyclic –R(273) + R ln 2 –R(273)–R ln 2 0 0

State P V T
1 1 atm 22.4 273
2 2 atm 22.4 546
3 1 atm 44.8 546

Table-1

State P V T
1 1 atm 22.4 273
2 1 44.8 546
3 0.5 44.8 273
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20. - 13.6 kcal/mol  21. 16.0125 kcal  22.290.8078 K  23.  H  = - 
122.56 kJ,   
 
24.037 kJ24.238 g / mol 25.-22.123 k cal   26. 35.973 MJ    27. -88 kJ/mol 
  
 
28. 128.02 kJ  29 (a) 92.3g (b) 93.7  30. - 136.9 kJ           31. 18.95%                 
 
32.160.94 kcals          33.– 18.7 kcal 34. +5.3 and.– 11.3 kJ      
 
35.– 32.3 kcal  36.33.36 gm   37.– 654, 480 cal  
 
38.a)1.6 g, b) 4.4 g CO2 39.T1 = 400 K, T2 = 240 K    
40.– 3200 kJ, – 3201.9 kJ 41.4.8 km 
42.– 93.087 kJ  43.(– 100 + 135  – 0.42) kJ 
44.a)22.2 kJ   45.– 2091.31 kJ  
b)39.96 kJ  46.– 102.4 kcal 
c)1.723 kJ  
d)20.477 kJ 
 
47. - 37.25 kJ mol-1.    48. 5%   49.  -90.75 kcal mol-1   
 
50. 1H   = -1 kcal.mol-1 , 2H = 1.8 kcal.mol-1 51. -669.7 kJ       
 
52. (i) - 90.5    (ii) - 374.5   (iii) -3.26  (all in J mol-1 K-1 ) 
 
53. 156.9 K   54. 0G  = 4.3 kJ mol-1> 0 
 
55. 0H  = - 283.0 kJ mol-1

 ,
0S = - 86.4 mol-1 K-1& 0G = - 257.25 kJ mol-1 

 
56. 0G = +0.151 kJ mol-1  , not feasible .     57. Zero 
 
58. T = 1059 K  59. 21.18 JK–1 mol–1  
 
60. 1721.8 J   61.    – 2864.5 KJ 
 
62. (i) – 9.83 Kcal/mole; (ii) – 6.81 Kcal/mole, (iii) – 10.13 Cal / K mole, (iv) –9.83 Kcal/mole,  
 (v) + 45.13 Cal/ K mole  
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8. GET EQUIPPED FOR IIT - JEE  
 
Only one option is correct 
1. A sample containing 2.000 mol of helium gas originally at 298.15 K and 1.000 bar is cooled to its 

normal boiling temperature of 4 K, condensed to a liquid and then cooled further to 2 K, where it 
undergoes another phase transition to a second liquid form, called liquid helium II. A beam of laser 
light suddenly vaporizes this liquid phase, and the helium is brought to a temperature of 298.15 K 
and a pressure of 0.500 bar. The entropy change for the above process is: 

 (a) 11.5 JK-1  (b)  −11.5 JK-1  (c)   23 JK−1  (d) Insufficient Information 
 
2. The area under a plot of CP /T versus the absolute temperature (T) is directly related to  
 (a) ∆S   (b)∆ U   (c) ∆H   (d) q 
 
3. We consider growing plant, limiting our system to the plant itself, to be an example of decreasing 

entropy. Small molecules, like carbon dioxide, (CO2), and water (H2O), are built into complex but 
orderly arrangements of macromolecules. Which one of the following statements applies here? 

 (a)The Second Law of Thermodynamics, that the entropy of the universe is increasing, is  being 
violated. 

 (b)Plant growth is so complex that the laws of thermodynamics cannot be applied accurately. 
 (c)The Second Law of Thermodynamics is not being violated because the entropy of the  plant’s 

surroundings is increasing. 
 (d)The Second Law of Thermodynamics is not being violated because the entropy of the  plant’s 

surroundings is decreasing. 
 
4. Which of the following statement is true? 
 (a)For every process, in an isolated system ∆T = 0.  
 (b)For every process in an isolated system, ∆S = 0. 
 (c)For every process in an isolated system that has no macroscopic kinetic or potential energy, ∆E= 0. 
 (d)If a closed system undergoes a reversible change for which ∆V = 0, then the p-V work = 0 
 
5. Which of the following statement is false? 
 (a)The quantities E, H and G have the same dimension  
 (b)In case of reversible chemical reaction, Gibb’s free energy reaches to its minimum value when the 

equilibrium is established. 
 (c)Gibb’s free energy of 10 g ice at 0oC and 1.0 atm is less than the Gibb’s free energy of 10 g of 

H2O(l) at 0oC and 1.0 atm. 
 (d)The quantities S dT, TdS, V dP and 

2

1
V dP all have the dimension of energy. 

6. Which of the following is correctly matched? 
 (a)Reversible melting of solid benzene at 1.0 atm and normal mp : q > 0, w> 0 ∆E> 0 and ∆H> 0. 
 (b)Reversible melting of ice at 0oC and 1.0 atm : q> 0, w< 0, ∆E> 0 and ∆H>0. 
 (c)Reversible adiabatic expansion of ideal gas q = 0, w> 0, ∆E< 0 and ∆H<0. 
 (d)Adiabatic expansion of a perfect gas into vacuum: q = 0, w = 0, ∆E = 0, ∆H = 0. 
 
7. Two gas molecules are brought closer and closer together; slowly over time, from a large separation 

distance, to experience  van der Waals’ interactions. We can say that 
 (a) work has to be done ON the system (the 2 gas molecules) the whole time. 
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 (b) work is first done BY the system, then ON the system 
 (c) no work is done either BY the system or ON the system 
 (d) work is first done ON the system, then BY the system. 
 
8. When an open glass of water is cooled from 50oC to 20oC by putting the 50oC glass of water in a 

bath that is at 20oC, the absolute value of the entropy change in the bath is ________ the absolute 
value of the entropy change in the glass of water. 

 (a)    greater than (b)   less than  (c)   the same as  (d)   Impossible to say 
9. An ideal gas expands from volume V1 to V2. This may be achieved by any of the three processes: 

isobaric, isothermal and adiabatic. Let E be the change in internal energy of the gas, Q be the 
quantity of heat added to the system and W be the work done by the system on the gas. Identify 
which of the following statements is not true for ∆E? 

 (A)  ∆E is the least in the adiabatic expansion. (B) ∆E  is the greatest in the adiabatic 
expansion. 

 (C) ∆E is greatest under isobaric process. 
 (D) ∆E in isothermal process lies in-between the value obtained under isobaric and adiabatic  

process. 
 
10. Arrange the following reactions in order of decreasing ∆So values. 
 1) 2NO(g)   N2(g) + O2(g) 
 2) CO2(g)   CO2(g) 
 3) MgCO3(s)  MgO(s) + CO2(g) 
 (a)   ∆So(1) > ∆So(2) > ∆So(3)   (b)   ∆So(1) > ∆So(3) > ∆So(2) 
 (c)   ∆So(2) > ∆So(3) > ∆So(1)   (d)   ∆So(3) > ∆So(1) > ∆So(2) 
 
11. Use your understanding of thermodynamics to predict the signs of ∆Ho and ∆So for the following 

reaction. 
    2H2(g) + O2(g)   2H2O(g) 
 (a)   ∆Ho = − and ∆So = −   (b)   ∆Ho = − and ∆So = + 
 (c)   ∆Ho = + and ∆So = −   (d)   ∆Ho = − and ∆So = 0 
 
12. Which of the following statements is false regarding the reaction A(g)  B(g)? 
 X: The reaction can achieve the lowest possible free energy by going to completion. 
 Y: At equilibrium ∆G = 0 
 Z: At equilibrium, GA = GB 
 (a)   X and Y only  (b)   Z only  (c)   X only  (d)   Y and Z only 
  
13. Consider the reaction below at 298 K: 
     C(graphite) + 2H2(g)   CH4(g)  
 ∆H o

f (kJ/mol)      −74.9 
 So(J/K-mol)  + 5.6  + 130.7 + 186.3 
 Which statement below is correct? 
 (a)   ∆G o

RXN is −50.8 kJ and the reaction is driven by enthalpy only.  
 (b)   ∆G o

RXN is −50.8 kJ and the reaction is driven by entropy only. 
 (c)   ∆G o

RXN is +50.8 kJ and the reaction is driven by entropy only. 
 (d) ∆G o

RXN is −50.8 kJ and the reaction is driven by enthalpy and entropy. 
 
14. Calculate the change in molar Gibbs energy of carbon dioxide at 20oC when it is isothermally 

expanded from 2.0 bar to 1.0 bar. 
 (a)   2.4 kJ/mol (b)   −2.4 kJ/mol (c)   1.7 kJ/mol (d)   −1.7 kJ/mol 
 
15. Out of boiling point (I), entropy (II), pH (III) and e.m.f. of a cell (IV) Intensive properties are: 
 (A) I, II  (B) I,II, III  (C) I, III, IV  (D) All of these 
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16. Which has maximum internal energy at 298 K? 
 (A) helium gas (B) oxygen gas  (C) ozone gas  (D) equal 
 
17. Ethyl chloride (C2H5Cl), is prepared by reaction of ethylene with hydrogen chloride: 
  C2H4(g) + HCl (g)  C2H5Cl (g)   H = – 72.3 kJ/mole 
 What is the value of E (in kJ), if 98 g of ethylene and 109.5 g of HCl are allowed to react at 300 K. 
 (A) – 64.81  (B) –190.71   (C) –209.41 

 (D) – 224.38 
18. Two moles of Helium gas undergo a reversible cyclic process as shown in 

figure. Assuming gas to be ideal, what is the net work involved in the cyclic 
process?    

         
 (A) –100 Rln4  (B) +100Rln4  (C) +200Rln4    (D) –200Rln4 
 
 
19. One mole of ideal gas is allowed to expand reversibly and adiabatically from a temperature of 27°C. 

If the work done by the gas in the process is 3 kJ, the final temperature will be equal to (CV=20 J/K 
mol) 

 (A) 100 K  (B) 450 K  (C) 150 K  (D) 400 K 
 

20. Two moles of an ideal gas  (CV = 5
2

R) was compressed adiabatically against constant pressure of 2 

atm. Which was initially at 350 K and 1 atm pressure. The work involve in the process is equal to 
 (A) 250 R  (B) 300 R  (C) 400 R  (D) 500 R   
 
21. The maximum efficiency of a heat engine operating between 100°C and 25°C is 
 (A) 20%  (B) 22.2%  (C) 25%  (D) none 
 
22. A heat engine operating between 227°C and 27°C absorbs 2 Kcal of heat from the 227°C  reservoir 
 reversibly per cycle. The amount of work done in one cycle is 
 (A) 0.4 Kcal  (B) 0.8 Kcal  (C) 4 Kcal  (D) 8 Kcal 
 
23. A reversible heat engine A (based on carnot cycle) absorbs heat from a reservoir at 1000K and 

rejects heat to a reservoir at T2. A second reversible engine B absorbs, the same amount of heat as 
rejected by the engine A, from the reservoir at T2 and rejects energy to a reservoir at 360K.  

 If the efficiencies of engines A and B are the same then the temperature T2 is  
 (A) 680 K  (B) 640 K  (C) 600 K  (D) none 
 
24. For the reaction at 300 K 
  A(g) + B(g)  C (g) 
 E = –3.0 kcal  ; S = – 10.0 cal/K 
 value of G is 
 (A) –600 cal  (B) –6600 cal  (C) –6000 cal   (D) None  
 
25. The entropy change when two moles of ideal monoatomic gas is heat from 200 to 300°C reversibly 

and isochorically 

 (A) 3
2

R ln 300
200

 
 
 

 (B) 5
2

 R ln 573
273

 
 
 

 (C) 3R ln 573
473

 
 
 

 (D) 3
2

 R In 573
473

 
 
 

 

 

26. What is the free energy change (G) when 1.0 mole of water at 100°C and 1 atm pressure is 
converted into steam at 100°C and 1 atm pressure? 

 (A) 80 cal  (B) 540 cal  (C) 620 cal  (D) zero  
 

2 atm

1 atm

300 K 400 K

A

B C

D

P

T



 

Head Office: Andheri :26245223 MUMBAI/ DELHI/AKOLA/ KOLKATA /LUCKNOW # 
 

62 

IIT PACE -ian’s Edu.Pvt.Ltd. CHEMICAL ENERGETICS Rg -  CE -12

27. What is the free energy change (G) when 1.0 mole of water at 100°C and 1 atm pressure is 
converted into steam at 100°C and 2 atm pressure?    

 (A) zero cal  (B) 540 cal  (C) 515.4 cal  (D) none 
 
28. When two equal sized pieces of the same metal at different temperatures Th (hot piece) and Tc(cold 

piece) are brought into contact into thermal contact and isolated from it's surrounding. The total 
change in entropy of system is given by 

 (A) Cvln 
2

c h

c

T T
T
  (B) Cvln 2

1

T
T   (C) Cvln  2

2 .
c h

h c

T T
T T


 (D) Cvln  2

4 .
c h

h c

T T
T T


 

29. Pick out the correct statement among the following. 
 (A)  0

fS {He(g)} > 0 at 298 K  (B) 0
fS {H2O(g)} > 0 at 298 K 

 (C) S° of H2 gas > 0 at 298 K   (D) 0
fS  {H2 (g)} > 0 at 298 K 

 
30. What can be concluded about the values of H and S from this graph? 
 (A) H > 0, S > 0    (B) H > 0, S < 0   
 (C) H < 0, S > 0     (D) H < 0, S < 0 
 
31. Which of the following statement(s) is/are incorrect: 
 Statement (a) : Reversible isothermal compression of an ideal gas represents the limiting  

    minimum value of the workdone (|w|) by the surrounding on the system. 
 Statement (b) : In an irreversible process, the cyclic integral of work is not zero. 

 Statement (c) : For thermodynamic changes in adiabatic process. 
,p mC

RT
 
  
  P = constant 

 Statement (d) : Ssystem is zero for reversible adiabatic expansion of an ideal gas. 
 (A) Statement c (B) Statement a, b, c (C) Statement a, b, d (D) All 
 
32. 9.0 gm ice at 0°C is mixed with 36 gm of water at 50°C in a thermally insulated container. 
 Using the following data, answer the question that follow 
 CP (H2O)  = 4.18 Jg–1K–1 ; Hfusion (ice) = 335 J g–1 

 
(i) final temperature of water is 
 (A) 304.43 K  (B) 296.97 K  (C) 303.93 K  (D) 287 K 
 
(ii) Sice is 

 (A) 11.04 JK–1 (B) 3.16 JK–1  (C) 14.2 JK–1  (D) 7.84 JK–1  
 
(iii) Swater  is 

 (A) –12.64 JK–1 (B) –0.34 JK–1 (C) –5.42 JK–1 (D) 12.64 JK–1 
 
(iv) What is the total entropy change in the process? 
 (A) –1.56 JK–1 (B) –1.60 JK–1 (C) 1.56 JK–1  (D) 1.60 JK–1 
 
33. Liquid water freezes at 273 K under external pressure of 1 atm. The process is at equilibrium 
 H2O (l)   H2O (s) at 273 K & 1 atm. 
 However it was required to calculate the thermodynamic parameters of the fusion process occuring at 

same pressure & different temperature. Using the following data, answer the question that follow. 
 dice = 0.9 gm/cc ; dwater = 1 gm/cc ; CP [H2O (s)] = 36.4 JK–1mol–1 ; 

 CP [H2O (l)] = 75.3 JK–1mol–1 ; Hfusion = 6008.2 Jmol–1. 
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(i) The value of "Hfusion" at 263 K & 1 atm will be 

 (A) +6008.2 J mole–1 (B) 5619.2 J mole–1 (C) –5619.2 J mole–1 (D) 6619.2 J mole–1 
 
(ii) "Sfusion" at 263 K & 1 atm will be 

 (A) 22.01 JK–1 mol–1  (B) 22.84 JK–1 mol–1  
 (C) 21.36 JK–1 mol–1  (D) 20.557 KJ–1 mol–1 
 
(iii) At 1 atm & at different temperature given below. Match the conditions & the temperature for the  

"fusion" process 
  Condition    Temperature 
 (1) Spontaneous  (a)  273 K 
 (2) At equilibrium  (b) 260 K 
 (3) Not feasible  (c) 280 K 
 (A) (1–c), (2–a), (3–b)  (B) (1–b), (2–a), (3–c)   
 (C) (1–c), (2–b), (3–a)  (D) (1–a), (2–b), (3–c) 
 
34. The increase in entropy of 1 kg of ice at 200 K which is heated to 400 K (super heated 

steam) at constant atmospheric pressure, will be -  
 Given that Cp (ice) = 2.09 × 103 J/kg degree;Cp (water) = 4.18 × 103 J/kg degree 
 Cp (steam) = 2.09 × 103 J/kg degree;L (C, 273 K) = 3.34 × 105 J/kg;L (water, 373 K ) = 

22.6 × 105 J/kg 
 (A) 9390 J/kg–1    (B) 8750 J/kg–1   

(C) 8390 J/kg–1    (D) 9750 J/kg–1 
 
35. AB,A2 and B2 are diatomic molecules. If the bond enthalpies of A2, AB & B2 are in the ratio  

1 : 1 : 0.5 and enthalpy of formation of AB from A2 and B2 is – 100 kJ/mol–1. What is the 
bond enthalpy of A2. 

 (A) 400 kJ/mol (B) 200 kJ/mol (C) 100 kJ/mol  (D) 300 kJ/mol 
 
36. Heat of hydrogenation of ethene is x1 and that of benzene is x2. Hence resonance energy 

is - 
 (A) x1 – x2  (B) x1 + x2  (C) 3x1 – x2  (D) x1 – 3x2 
 
37. C2H6 (g) + 3.5 O2 (g)  2CO2 (g) + 3H2O (g)  
 Svap (H2O, )  = x1 cal K-1 (boiling point = T1) 

 Hf (H2O, )  = x2  Hf (CO2) = x3   Hf (C2H6)= x4  
 Hence H for the reaction is - 
 (A) 2x3 + 3x2 – x4    (B) 2x3 + 3x2 – x4 + 3x1T1 
 (C) 2x3 + 3x2 – x4 – 3x1T1  (D) x1T1 + X2 + X3 – x4 
 
38. A solution of 500 ml of 0.2 M KOH and 500 ml of 0.2 HCl is mixed and 

stirred; the rise in temperature is T1. The experiment is repeated using 
250 ml each of solution, the temperature raised is T2. Which of the 
following is true - 

 (A) T1 = T2  (B) T1 = 2T2   
 (C) T1 = 4T2  (D) T2 = 9T1 
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39. A and B are two hinge blocks of same metal. The blocks are connected by a rod of the 
same material. The temperature of A and B are 1500 K and 500 K respectively. The rate of 
heat conduction is 104 J s–1. The rate of entropy increase of universe due to this process 
will be 

 (A)  1
75

× 103 J k–1 sec–1   (B)  1
65

 × 103J k–1 sec–1  

 (C)   1
55

× 103J k–1 sec–1   (D)   1
45

× 103 J k–1 sec–1  

40. For a certain reaction G = – a + bT ln T, where a & b are constants. Expression of H as a 
function of temperature will be  

 (A) H = a – bT     (B) H = – a – bT  
(C) H = a + bT     (D) None of these 

  
One or more than one option correct 
 
41. Two moles of a monoatomic ideal gas (Cv = 1.5 R) initially at 400 K in an isolated, 1.0 L, piston is 

allowed to expand against a constant pressure of a 1.0 atm till the final volume reaches to 10 L. 
Which of the following conclusions regarding the above change(s) is (are) true? 

 (a)   The final temperature of the gas is 363K. 
 (b)   If the same process were carried out to the same final volume but under reversible conditions, 

final temperature would have been less than 363 K. 
 (c)   In the above process, the initial and final temperatures and volumes are related as 

   
1

2

1

2

1






















V
V

T
T  

 (d)   Entropy change of a system (∆Ssys) is zero. 
 
42. Which of the following thermodynamic relations applies approximately to an ideal gas? 
 (a)   dE dq pdV      (b)   dH dq Vdp   

 (c) m
dT dVdS Cv R
T V

     (d)   dG Vdp SdT   

 
43. Which of the following is a state function? 
 (a) Heat  (b) Work  (c) Enthalpy  (d) Enthalpy change 
 
44. In a adiabatic process, the work involved during expansion or compression of an ideal gas is given 

by : 

 (a) TnCv   (b) )(
1 12 TTnR




 (c) 






 


21

2112

PP
PTPT

nRPext  (d) 
1

2log303.2
V
V

RT  

 
45. Which of the following is/are correct? 
 (a) H = U +   (PV) when P and V both changes 
 (b) H = U + PV when pressure is constant 
 (c) H = U + VP when volume is constant 
 (d) H = U + PV + VP when P and V both changes 
 
46. The normal boiling point of a liquid ‘X’ is 400 K. Which of the following statement is true about the 

process ?  X (l) )(gX  ? 
 (a) at 400 K and 1 atm pressure G = 0  (b) at 400 K and 2 atm pressure G = + ve 
 (c) at 400 K and 0.1 atm pressure G = - ve  (d) at 41 K and 1 atm pressure G = + ve 
 
47. When ice melts at 10C : 



 

Head Office: Andheri :26245223 MUMBAI/ DELHI/AKOLA/ KOLKATA /LUCKNOW # 
 

65 

IIT PACE -ian’s Edu.Pvt.Ltd. CHEMICAL ENERGETICS Rg -  CE -12

 (a) an increase in entropy   (b) a decrease in enthalpy 
 (c) a decrease in free energy   (d) process is spontaneous 
 
48. Which of the following statement(s) is/are false ? 
 (a) All adiabatic processes are isoentropic (or isentropic) processes 
 (b) When (Gsystem)T,p< 0; the reaction must be exothermic 
 (c) dG = VdP – SdT is applicable for closed system, both PV and non-PV work. 

(d) The heat of vaporization of water at 1000C is 40.6kJ/mol. When 9 gm of water vapour condenses  
 to liquid at 1000C of 1 atm, then Ssystem = 54.42 J/K 
COMPREHENSION TYPE 
 
Passage – 1 
2 mole of an ideal gas undergoes isothermal compression along three different paths : 
(i) reversible compression from Pi = 2 bar Vi = 8L to Pf = 20 bar 
(ii) a single stage compression against a constant external pressure of 20 bar, and 
(iii) a two stage compression consisting initially of compression against a constant external pressure of 10 
bar until 
 Pgas = Pext, followed by compression against a constant pressure of  20 bar until Pgas =  Pext. 
 
49.  Work done (in bar-L) on the gas in reversible isothermal compression is  
 (a) 9.212  (b) 36.848  (c) 18.424  (d) 4.606 
 
50.  Work done on the gas in single stage compression is 
 (a) 36   (b) 72   (c) 144   (d) 18 
 
51.  Total work done on the gas in two stage compression is : 
 (a) 40   (b) 80   (c) 160   (d) 20 
 
Passage – 2 
Enthalpy of neutralization is defined as the enthalpy change when 1 mole of acid/base is completely 
neutralized by base/acid in dilute solution. 
For strong acid and strong base neutralization net chemical change is 
    0

2H (aq) OH (aq) H O(l); H 55.84 kJ / mol       
ionizationH 0 of aqueous solution of strong acid and strong base is zero. 

When a dilute solution of a weak acid or base is neutralized, the enthalpy of neutralization is lesser then 
expected for strong acid and strong base neutralization. This is because of absorption of heat by weak acid 
or weak base in its ionization.   
 
52.  If enthalpy of neutralization of COOHCH 3  by NaOH is – 49.86 kJ/mol then enthalpy of ionization 

of CH3 COOH is : 
 (a) 5.98 kJ/mol    (b) – 5.98 kJ/mol    
 (c) 105.7 kJ/mol    (d) None of these 
 
53.  What is 0H  for complete neutralization of strong diacidic base Ca(OH)2 by HNO3 ? 
 (a) – 55.84 kJ/mol    (b) – 111.68 kJ/mol   
 (c) 55.84 kJ/mol    (d) None of these 
 
54.  Under the same conditions how many mL of 0.1 M NaOH and 0.05 M H2SO4 solution should be 

mixed for a total volume of 100mL to produce the higher rise in temperature ; 
 (a) 25 : 75  (b) 50 : 50  (c) 75 : 25  (d) 66.66 : 33.33 
 
Passage – 3 

The relation between SHG  &,  is given by G = H – T S 
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The variation of G with temperature can be studied by Gibbs – Helmoltz equation i.e. 

   
pT

GTHG 









)(

 

 
 

Free energy variate with pressure and temperature as  
   dG = V dp – S dT 

The electrical energy  (n F E) produced in a Galvanic cell is a measure of  decrease in free energy  
( - G) of a cell reaction i.e. G = - nFE. For all spontaneous process G is – Ve. 

55.  The H of a reaction at 270C is 15 kJ/mole. The reaction is feasible if the entropy change is  
 (a) 15 J mole-1 k-1    (b) 50 J mole-1 k-1 
 (c) greater than 50 J k-1 mole-1  (d) lesser then 50 J k-1 mole-1 

 

56.  The change in free energy observed when four moles of N2 and one mole of O2 (assumed to behave 
 as ideal gases) are mixed at 298 k and constant pressure is nearly. 
 (a) – 6.2 kJ  (b) 6.2 kJ  (c) – 3.1 kJ  (d) 3.1 kJ 
 
57.  The e.m.f. of the cell reaction  
   )()(2)()(2 234 aqZnClaqCeClsZnaqCeCl   
 Varies as 
   E (V) = 0.4108 + 0.003 T (K) 
 The S for the reaction is  
 (a) 579 Jk-1  (b) 289.5 Jk-1  (c) 1158 Jk-1  (d) 868.5 Jk-1 

 
 
MATCHING TYPE  
 
58.   Column-I     Column-II 
 
 (A) Reversible cooling of an ideal gas at  (P) 0;0;0  Uqw  
       constant volume  
 (B) Reversible isothermal expansion of   (Q) 0;0;0  Uqw   
       ideal gas 
 (C) Adiabatic expansion of non-ideal gas   (R) 0;0;0  Uqw   
       into vacuum 
 (D) Reversible melting of sulphur at   (S) 0;0;0  Uqw   
       normal melting point   
 
59.  Column-I     Column-II 

 (A) Reversible isothermal expansion of  (P) 









1

2log303.2
V
VnRTw  

       an ideal gas  
 (B) Reversible adiabatic compression of   (Q) PV constant 
       an ideal gas 

 (C) Irreversible adiabatic expansion   (R) )(
)1( 12 TTnRw 





  

       of an ideal gas 
 (D) Irreversible isothermal compression   (S) 0H   
        Of an ideal gas 
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60.  Column-I     Column-II 
 
 (A) 0)( ,  PTsystemG      (P) Process is in equilibrium 
 (B) 0 gsurroundinsystem SS     (Q) Process is nonspontaneous 
 (C) 0 gsurroundinsystem SS     (R) Process is spontaneous 
 (D) 0)( ,  PTsystemG      (S) System is unable to do useful work 
 
 
 
61.  Column-I     Column-II 
 
 (A) Heating of an ideal gas at    (P) 0,  TnCH mp  
       constant pressure  
 (B) Compression of liquid at     (Q) U = 0 
                  constant temperature 
 (C) Reversible process for an ideal gas  (R) G = VP 
       at constant temperature  

 (D) Adiabatic free expansion of an    (S) 









1

2ln
P
P

nRTG  

       Ideal gas 
 
62. Column-I     Column-II 
 (Partial derivative)    (Thermodynamic variable) 
 

 (A) 
VT

U








      (P) CP 

 (B) 
PT

H








      (Q) CV 

 (C) 
PT

G








      (R) – S 

 (D) 
TP

G








      (S) V 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Head Office: Andheri :26245223 MUMBAI/ DELHI/AKOLA/ KOLKATA /LUCKNOW # 
 

68 

IIT PACE -ian’s Edu.Pvt.Ltd. CHEMICAL ENERGETICS Rg -  CE -12

 
 
 
 
 
 
 
 
 
 
 
      ANSWERS (GET EQUIPPED FOR IIT – JEE) 
 
Single Choice  
 
1. A 2. A 3. C 4. D 5. C 6. D 7. B  
 
8. A  9. B 10. D 11. A 12. C 13. A  14. D 

  
15. C  16. C 17. C 18. A 19. C 20. D 21. A  
 
22. B  23. C 24. A 25. C 26. D 27. C 28. D  
 
29. C  30. A 31. A 32. (i) B  (ii)   C       (iii) A     (iv) C  
 
33. (i) B   (ii)  D    (iii)   A    34.  A  35. A  36. C  37. B   
 
38. A   39.A  40. B   
 
Multiple Choice  
 
41. (A, B) 42. (B, C, D) 43. C  44. A,B,C 45. A,B,C 46. A,B,C 47. A,C,D  
 
48. A,C, D 
 
Comprehension Type  
 
49. B  50. C  51. B  52. A  53. B  54. B  55. C  
 
56. A  57.A 
 
Match the column 
 
58. A-P, B-S, C-R, D-Q 59. A-P,S, B-Q,R, C-R, D-S  60. A-P,S, B-R, C-Q, D-Q 
  
61. A-P, B-R, C-Q,S, D-Q,  62. A-Q, B-P, C-R, D-S 
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ADVANCE LEVEL  
 
1. Calculate work done in adiabatic compression of one mole of an ideal gas (monoatomic) 

from an initial pressure of 1 atm to final pressure of 2 atm. Initial temperature = 300 K. 
(a) If process is carried out reversibly  
(b)if process is carried out irreversibly  against 2 atm external pressure. 

 Compute the final volume reached by gas in two cases and describe the work graphically. 
 
2. 1 mole of ice at 0°C and 4.6 mm Hg pressure is converted to water vapour at a constant 

temperature and pressure. Find H and E if the latent heat of fusion of ice is 80 cal/gm 
and latent heat of vaporisation of liquid water at 0°C is 596 cal per gram and the volume of 
ice in comparison of that water (vapour) is neglected. 

 
3. Two moles of an ideal gas ( = 5/3) are initially at a temperature of 27°C and occupy a 

volume of 20 litre. The gas is first expanded at constant pressure until the volume is 
doubled. It then undergoes adiabatic change until the temperature returns to its initial value. 
(a)Sketch the process on P – V diagram.  
(b) What are final pressure and final volume of gas. 
(c)What is the work done by the gas. 

 
4. 20.0 dm3 of an ideal gas (diatomic Cv, m= 5R/2) at 673 K and 0.7 MPa expands until 

pressure of the gas is 0.2 MPa. Calculate q, w, U and H for the process if the expansion 
is: 

 (i) Isothermal and reversible   (ii) Adiabatic and reversible 
 (iii) Isothermal and adiabatic   (iv) Against 0.2 MPa and adiabatic 
 (v) Against 0.2 MPa and isothermal. 
 
5. One mole of an ideal monoatomic gas (CV, m= 1.5 R) is subjected to the following sequence 

of steps:  
 (a) The gas is heated reversibly at constant pressure of 101.325 kPa from 298 K to 373 K. 
 (b) Next, the gas is expanded reversibly and isothermally to double its volume. 
 (c) Finally, the gas is cooled reversibly and adiabatically to 308K.  
 Calculate q , w , U and H for the overall process.  
 
6. Calculate Sfº at 298K of  ;    (i) NaCl(s) ,  (ii) NH4Cl(s)    &    (iii) diamond. 
 The values of Sº of  Na, Cl2, NaCl, NH4Cl, N2, H2, diamond & graphite are  51, 223, 72, 95, 

192, 131, 2.43 & 5.69 JK1 mol1 respectively. 
 
7. One mole of an ideal gas is expanded isothermally at 298 K until its volume is tripled. Find 

the values of Sgas and Stotal under the following conditions. 
 (i) Expansion is carried out reversibly. 
 (ii) Expansion is carried out irreversibly where 836.8J of heat is less absorbed than in (i) 
 (iii) Expansion is free. 
 
8. 10 g of neon initially at a pressure of 506.625 kPa and temperature of 473 K expand 

adiabatically to a pressure of 202.65 kPa. Calculate entropy change of the system and total 
entropy change for the following ways of carrying out this expansion. 

 (i)Expansion is carried out reversibly. 
 (ii)Expansion occurs against a constant external pressure of 202.65 kPa. 
 (iii)Expansion is a free expansion. 
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9. One mole of an ideal gas (not necessarily monoatomic) is subjected to the following 
sequence of steps. 

 (a) It is heated at constant volume from 298 K to 373 K 
 (b) It is expanded freely into a vacuum to double volume. 
 (c) It is cooled reversibly at constant pressure to 298 K. 
 Calculate q, w , U and H for the overall process. 
 
10. Pressure over 1000 ml of a liquid is gradually increases from 1 bar to 1001 bar under 

adiabatic conditions. If the final volume of the liquid is 990 ml, calculate U and H of the 
process, assuming linear variation of volume with pressure. 

 
11. One mole monoatomic ideal gas was taken through process 

ABCD  
 as shown in figure. Calculate 
 (i) wAB, wBC , wCD , wDA     
 (ii) qAB, qBC, qCD, qDA 
 (iii) HAB, HBC, HCD, HDA      
 [Use :  ln (3/2) = 0.40 ; ln (4/3) = 0.29] 
 
12. One mole of ideal monoatomic gas was taken through reversible isochoric heating from 100 

K to  
1000 K. Calculate Ssystem , Ssurr, and Stotal in  

 (i) when the process carried out reversibly  
 (ii) when the process carried out irreversibly (one step)  find Ssurr  
 
13. A 32 g sample of CH4 gas initially at 101.325 kPa and 300K is heated to 550 K. 

CP, m/JK1mol1= 12.552 + 8.368 ×10
–2

 T/K. Assuming CH4 behaves ideally, compute w, q . 
U and H for (a) an isobaric reversible process, and (b) an isochoric reversible process. 

 
14. Calculate the enthalpy of combustion of benzene (l) on the basis of the following data: 
 (i)Resonance energy of benzene(l) = - 152 kJ/mol 
 (ii) Enthalpy of hydrogenation of cyclohexene (l) = - 119 kJ/mol 
 (iii) H 0

f C6H12(l)= - 156 kJ/mol   
 (iv) H 0

f  of H2O(l) = - 285.8 kJ/mol  (v) H 0
f of  CO2 (g) =- 393.5 kJ/mol 

 
15. Using the data (all values are in kJ/mol at 250C) given below : 
 H0

combustion (ethane) = - 1559.8 ; H0
combustion (ethene) = - 1410.9 

 H0
combustion (acetylene) = - 1299.7 ; H0

combustion (acetaldehyde) = - 1192.3 
 H0

fCO2(g) = - 393.5   ; H0
f of H2O(l) = - 285.8 

 H0 for. C(s) (graphite)  C(g)  = + 716.68 ; Bond energy of H - H = 435.94 
 Bond energy of O = O = 498.94 
 Calculate the following bond energies: 
 (i) C - C (ii) C - H (iii) C = O (iv) C = C (v) C  C 
 
16. Compute DrG for the reaction H2O (l, 1 atm, 323 K) (R) H2O (g, 1 atm, 323 K) 

 Given that :  DvapH at 373 K = 40.639 kJmol
–1

,  CP(H2O, l ) = 75.312 J K
–1

mol
–1

, 

   Cp (H2O, g) = 33.305 J K
–1

mol
–1

. 
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17. Calculate the heat of vaporisation of water per gm at 25°C and 1 atm. 
 Given H 0

f [H2O(l) = – 285.57 kJ/mol, H 0
f [H2O(g)  = – 241.6 kJ/mol. 

 Comment why  Hvap (25°C) >Hvap (100°C). Use data of  Q.16   
 
18. (a) An ideal gas undergoes a single stage expansion against a constant opposing pressure 

from (P1, V1, T) to (P2, V2, T). What is the largest mass m which can be lifted through a 
height h in this expansion? 

 (b)The system in (a) restored to its initial state by a single stage compression. What is the 
smallest mass m' which must fall through the height h to restore the system? 

 (c)What is the net mass lowered through height h in the cyclic transformation in (a) and (b)? 
 
19. Calculate the free energy change in the freezing of 18 gm of water at 263.15 K, given that 

the vapour pressure of water and ice at 263.15 K are 0.287 Pa and 0.260 Pa, respectively. 
 
20. Calculate the entropy of a substance at 600 K using the following data. 
 (i) Heat capacity of solid from 0 K to normal melting point 200 K  
  CP,m(s) = 0.035 T JK–1mol–1.  
 (ii) Enthalpy of fusion = 7.5 KJ mol–1, (iii) Enthalpy of vaporisation = 30 KJ mol–1. 
 (iv) Heat capacity of liquid from 200 K to normal boiling point 300 K 
  CP,m(l) = 60 + 0.016 T      JK–1mol–1. 
 (v) Heat capacity of gas from 300 K to 600 K at 1 atm  
  CP,m(g) = 50.0  JK–1mol–1. 
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                                  ADVANCE LEVEL  
 
     Answers Key  
 
1. (a) T2 = 395.85 ; V2 = 16.25 L; Wrev = 1195.4 J,   
 (b) 1

2V =17.24 L ; 1
2T = 420 K , Wirrev = 1496.52 J 

 

2. H = 12168 calories; E = 11622 calories 
3. (a) , (b) P2 = 0.435 atm V1 = 113.13 litre,  (c) WT = –3000 cal 
 

 
 

q = – w = 17.54 kJ , U = 0 and H =0  ; (ii) q = 0 , w = U = –10.536 kJ and 4. (i) 
H = –14.75kJ 

 (iii) q = 0 , w = 0 , U = 0 and H =0  (iv) q = 0; U = w = – 7.14 kJ; H = –10kJ, 
 (v) q = –w = 10. 0 kJ,  U = H = 0  
 

5. (a) q = H = 1558.88, U = 935.33  ; w = – P(U)  – 623.55 J mol–1 
 (b) w = – 2149.7 ; U &H = 0,  q  = – w 
 (c) q = 0,  w = – 810.62 , H = – 1351.03 Jmol–1 
 for overall process q = 3708.59 ; w = – 3583.88, U = 124.71 ; H = 207.85 
 

6. (i)  90.5   (ii)  374.5   (iii)  3.26 (all in J mol1 K1) 
 

7. (i) Sgas = – Ssurr = Rln3 and Stotal = 0, (ii) Stotal = 2.808 J K–1  (iii) Stotal = Ssys = 9.134 J K–1 
 

8. (i) Ssys = 0 ;  Ssurr = 0 and Stotal = 0,  (ii) Ssurr = 0 ;  Stotal = Ssys = 0.957 JK–1 
 (iii) Ss ys = S tot al = 3.81 JK–1 
 

9. U &H = 0 ; w = 623.55 ; q = – 623.55 J mol–1 
 

10. U = 501 J ; H = 99.5 kJ 
 

11. (i) wAB= – 1496.52 J,wBC= – 1446.63 Joule, wCD=0, wDA= –1728.84 Joule ;  
 (ii) qAB= 5237.82 Joule,  qBC= 1446.63 Joule, qCD=  – 3741.3 Joule, qDA=1728.84 Joule;  
 (iii) HAB= 6235.5 Joule, HBC = 0 , HCD = – 6235.5  Joule,  HDA = 0 Joule   

12. (i) Rev.  Process Ssyst= 3
2

 R ln 10 ;Ssurr = – 3
2

R ln 10, Stotal = 0 

 (ii) Irr Process Ssys = 3
2

R ln 10 ;Ssurr = 3
2

R (– 0.9) ; Stotal =  3
2

R (1.403) 
 

13. (a) qP = H = 24.058 kJ , w = – 4.157 kJ , U = 19.90 kJ ; (b) U=19.90 kJ ; H=24.058 ; w = 0 
 
 
14. ( 0

fH  (benzene) = 49 kJ mol-1), 0
CH  (benzene) = - 3267.4 kJ   

 
15. C-C=97.81 kJ, C-H = 454.64 kJ, C=O= 804.26 kJ, C = C = 434.3 kJ, C C =733.48 kJ 
 
16.  rG = 5.59 kJ mol–1  

 
17. Hvap(25°C) = 43.97 kJ/mol = 2.433 kJ/gm,  Hvap (100°C) = 40.62 kJ/mol (given) 
 

18. (a) m = 2

1

1 PnRT
gh P

 
 

 
,  (b) m' = 1

2

1PnRT
gh P

 
 

 
 , (c) m' – m =  2

1 2

1 2

P PnRT
gh PP

 
 
 
 

 

19. – 216.198 J mol–1  

20. 205.08 JK–1 mol–1  
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9. WINDOW TO IIT – JEE PROBLEMS FROM PREVIOUS YEARS  
 

OBJECTIVE  
 
1. In thermodynamics, a process is called reversible when:    (IIT – JEE 2001) 
 (a) surroundings and system change into each other  
 (b) there is no boundary between system and surroundings 
 (c) the surroundings are always in equilibrium with the system  
 (d) the system changes into the surroundings spontaneously  
 
2. Which of the reaction defines 0

fH ?      (IIT –JEE 2003) 

 (a)      2 2diamondC O g CO g   (b)      2 2
1 1
2 2

H g F g HF g   

 (c)      2 2 33 2N s H g NH g   (d)      2 2
1
2

CO g O g CO g   

 
3. Spontaneous adsorption of a gas on solid surface is an exothermic process because.  
 (a) H increase for system   (b) S  increases for gas   (IIT-JEE 2004) 
 (c) S decreases for gas   (d) G  increases for gas  
 
4. 30vapH   kJ/mol and 75vapS  Jmol-1 K-1. Find temperature of vapour, at one atmosphere.  
 (a) 400 K  (b) 350 K  (c) 298 K  (d) 250 K (IIT-JEE 2004) 
 
5. 2 mole of an ideal gas expanded isothermally and reversibly from 1 L to 10 L at 300 K. What is  the 
 enthalpy change?            (IIT-JEE 2004) 
 (a) 4.98 kJ  (b) 11. 47 kJ  (c) – 11. 47 kJ   (d) 0 kJ  
 
6. When one mole of monoatomic ideal  gas at TK undergoes adiabatic change under a constant 
 external pressure of 1 atm changes volume from 1 L to 2L. The final temperature in Kelvin would 
 be:           (IIT-JEE 2005) 

 (a) 2 /32
T   (b) 2

3 0.0821
T 


 (c)T     (d) 2

3 0.0821
T 


  

 
7. A monoatomic ideal gas undergoes a process in which the ratio of P to V at any instant is  constant 
 and equals to 1. What is the molar heat capacity of the gas?    (IIT – JEE 2006) 

 (a) 4
2
R    (b)  3

2
R   (c) 5

2
R     (d) 0 

 
8. The direct conversion of A and B is difficult, hence it is carried out by the following shown path. 

    

C D

A B       (IIT – JEE 2006) 
 Given     50A CS eu   
     30C DS eu   
     20B DS eu   
 Where eu is entropy unit, then  A BS  is : 
 (a)  + 100 eu  (b) +60 eu  (c)  - 100 eu  (d) – 60 eu  
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9. 2 2 33 2N H NH    
 Which is correct statement if N2 is added at equilibrium condition?   (IIT – JEE 2006) 
 (a) The equilibrium will shift to forward direction because according to IInd law of thermodynamics 
 the entropy must increases in the direction of spontaneous reaction.  
 (b) The condition for equilibrium is 

2 2 3
3 2N H NHG G G   where G is Gibbs free energy per mole of 

 the gaseous species measured at the  partial pressure. The condition of equilibrium is unaffected by 
 the use of catalyst, which increases the rate of both the forward and backward reactions to the 
 same extent.  
 (c) The catalyst will increase the rate of forward reaction by   and that of backward reaction by  .  
 (d) Catalyst will not alter the rate of either of the reaction.  
 
10. The value of 10log K  for a reaction A B  is (Given: 0

298 54.07r KH    kJ mol-1, 
 0 1 1 1 1

298 10 8.314 ;r kS JK mol and R JK mol      2.303 8.314 298 5705   ) (IIT – JEE 2007) 
 (a) 5   (b) 10   (c) 95   (d) 100 
 
11. For the process H2O(l) (1 bar, 373 K)   H2O(g) (1 bar, 373 K), the correct set of thermodynamic 
 parameter is:           (IIT – JEE 2007) 
 (a) 0,G S ve        (b) 0,G S ve      
 (c) , 0G ve S        (d) ,G ve S ve       
 
12. Which one of the following statement is false?     (IIT – JEE 2001) 
 (a) Work is a state function  (b) Temperature is state function  
 (c) Change in the state is completely defined when the initial and final sates are specified.  
 (d) Work appears at the boundary of the system.   
 
13.  Molar heat capacity of water in equilibrium with ice at constant pressure is 
 (A) zero     (B)     
 (C) 40.45 kJ K–1 mol–1    (D) 75.48 JK–1 mol–1   [JEE 1997] 
             
Subjective  
 
14.  For the reaction, 
  2CO(g) + O2(g)  2CO2(g); H = – 560 kJ mol–1 
  In one litre vessel at 500 K the initial pressure is 70 atm and after the reaction it becomes 40 atm at 

constant volume of one litre. Calculate change is internal energy. All the above gases show 
significant deviation from ideal behaviour. (1 L atm = 0.1 kJ)   [JEE 2006] 

 
15.  One mole of a liquid (1 bar, 100 ml) is taken in an adiabatic container and the pressure increases 

steeply to 100 bar. Then at a constant pressure of 100 bar, volume decreases by 1 ml. Find U and 
H            [JEE 2004] 

 
16. Two moles of a perfect gas undergoes the following processes :    [JEE 2002] 
 (a) a reversible isobaric expansion from (1.0 atm, 20.0 L) to (1.0 atm, 40.0 L); 
 (b) a reversible isochoric change of state from (1.0 atm, 40.0 L) to (0.5 atm, 40.0 L); 
 (c) a reversible isothermal compression from (0.5 atm, 40.0 L) to (1.0 atm, 20.0 L); 
 (i) Sketch with labels each of the processes on the same P-V diagram. 
 (ii) Calculate the total work (w) and the total heat change (q) involved in the above processes. 
 (iii) What will be the values of U, H and S for the overall process ? 
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17. Show that the reaction CO (g) + O2 (g)  CO2 (g) at 300 K is spontaneous and exothermic, when 
the standard entropy is – 0.094 kJ mol–1 K–1. The standard Gibbs free energies of formation for CO2 
and CO are – 394.4 and – 137.2 kJ mol–1,respectively.    [JEE 2001] 

 
18.  A sample of argon gas at 1 atm pressure and 27°C expands reversibly and adiabatically from 1.25 

dm3 to 2.50 dm3. Calculate the enthalpy change in this process. Cv.m.for argon is 12.48 JK–1 mol–1.  
             [JEE 2000] 
 
19. A sample of argon gas at 1 atm pressure and 270C expands reversibly and adiabatically from 1.25 
 dm3 to  2.50 dm3 Calculate the enthalpy change in this process ,v mC  for argon is 12.48 JK-1 mol-1  
            (IIT –JEE 2000)  
 
20.  100 mL of a liquid contained in an insulated container at a pressure of 1 bar. The pressure is steeply 
 increased to  100 bar. The volume of the liquid is decreased by 1 mL at this constant pressure. Find 
 the H  and .U          (IIT – JEE 2004) 
 
21. The reversible expansion of an ideal gas under adiabatic and isothermal 
 conditions is shown in the  figure. Which of the following 
 statement(s) is (are) correct?     (IIT – JEE 2012) 
  
 (a) 1 2T T     (b) 3 1T T    
 (c) isothermal adiabaticw w    (d) isothermal adiabaticU U   
 
22. For an ideal gas, consider only p – V work in going from an initial state 

X to the final state Z. Thefinal state Z can be reached by either of the two 
paths shown in the figure. Which of the following  choice(s) is (are) 
correct? [take S  as change in entropy and w as work done]  

        (IIT – JEE 2012) 
  
 (a) x z x y y zS S S          (b) x z x y y zW W W     
 (c)  x y z x yW W       (d) x y z x yS S      
 
 
WINDOW TO IIT– JEE PROBLEMS FROM PREVIOUS YEARS  
 
1. C  2. B  3. C  4. A  5. D  6.D  7. A   
 
8. B  9. B  10. B  11. A  12. A  13. B  14.–557kJ/mol  
 
15. U = 0.1 litre atm, H = 9.9 litre atm 16. (ii) –W = q = 620.77 J,  (iii) H = 0, U = 0, S = 0 
 
17. H° = – 285.4 kJ/mol,  G° = – 257.2 kJ/mol  18. H = –114.52 J 
 
19.  – 1170.253 Jmol-1 20. 100U bar mL  , 9900H bar mL     
 
21. AD  22. AC   
 
 

 


