First Law of Thermodynamics
and Chemical Energetics
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Some basic concepts—systems, surroundings, types of systems, types of processes, intensive i
and extensive properties, state functions, irreversible process.

Zeroth Law.

First Law 'of Thermodynamics—internal energy, enthaipy, work, heat capacity, specific heat
capacity, molar heat capacity, enthalpy changes during phase transitions.

Enthaipy changes in chemical reactions—standard enthalpy of formation, Hess's law of constant
heat summation, bond enthalpy, measurement of enthalpy of reactions, energy of combustion
teactions. g

Sources of energy—Sun as the primary source of energy, Alternative sources of energy.
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SECTION I

SOME BASIC CONCEPTS
USED IN THERMODYNAMICS

5.1. General Introduction i e S

Itis a well known fact that most of the physical
changes and chemical changes are accompanied by
energy changes. These energy changes may take
place in the form of heat, light, work, electrical
energy etc. All these forms of energy are convert-
ible into one another and hence are related to each
other quantitatively.

different  forms of [ o e S
mmm"bﬂm: .- -_m__ . ther-

When we confine our study to chemical chan-
ges and chemical substances only, the restricted
branch of thermodynamics is known as Chemical
Thermodynamics.

BT

The complete study of thermodynamics is
bused upon three generalizations called First,
Second and Third laws of thermodynamics. In ad-
dition to these, another law was put forward after
the enunciation of First Law of Thermodynamics.
However as it was of primary importance, it was
called as Zeroth law. These laws have been arrived
at purely on the basis of human experience and
there is no theotetical proof for any of these laws.
However the validity of these laws is supported by
the fact that nothing contrary to these laws has been
found so far and nothing contrary is expected.

The importance of thermodynamics lies in the
following two facts : —

(§) It helps us to predict whether any given
chemical reaction can occur under the given set of
conditions,

(i) It helps in predicting the extent of reac-
tion before the equilibrium is attained.

*The name *'thermodynamics” was given by mechanical en

gineersin the beginning whowere interested only in the conversion

of heat into mechanical work (thermo means heat and dyramics means motion Tesulting into mechanical work). The device used to

bring about this conversion is called an engine
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The limitations of thermodynamics i.e. where
it fails to give any information are as follows : —

() 1t helps to predict the feasibility of a
process but does not tell anything about the rate at
which the process takes place.

(if) Tt deals only with the initial and final states
of a system but does not tell anything about the
mechanism of the process (i.e. the path followed by
the process).

(iii) It deals with the properties like tempera-
ture, pressure etc. of the matter in bulk but does not
tell anything about the individual atoms and
molecules.

Some basic terms and concepts commonly
used in thermodynamics are briefly explained
below

1. System and Surroundings. The part of the
untiverse chosen for thermodynamic consideration
(i.e. to study the effect of temperature, pressure eic.}
is called a system.

The remaining portion of the universe, excld-
ing the system, is called surroundings.

A system usually consists of a definite amount
of one or more substances and is separated from
the surronndings by a real or imaginary boundary
through which matter and energy can fiow from the
system to the surroundings or vice versa.

2. Types of systems (Open, closed and ise-
lated systems)

(@) Open system. A system is said to be an
open system if it can exchange both matter and energy
with the surroundings. For example, if some water is
kept in an open vessel (Fig. 5.1. ) or if some
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FIGURE 5.1. Examples of open system :
(a) Water kept in open vesse
{b) Reaction taking place in an open vessel.

reaction is allowed to take placc in an open
vessel (e.g. between a piece of marble and HCI)
(Fig. 5.1. b), exchange of both matter and energy
takes place between the system and the surround-
ings.

Animals and plants are open systems from the
thermodynamic point of view.

(b) Closed system. If a system can ex-
change only energy with the surroundings but not
matter; it is called a closed system. For example,
if some water is placed in a closed metallic
vessel (Fig. 5.2.a) or if some reaction is allowed
to take place in a cylinder enclosed by a piston
(Fig. 5.2. b), then as the vessel is closed, no
exchange of matter between the system and the
surroundings can take place. However, as the
vessel has conducting walls, exchange of energy
can take place between the system and the sur-
roundings.

If the reaction is exothermic, heat is given by
the system to the surroundings. If the reaction is
endothermic, heat is given by surroundings to the
system. Further, if the reaction is accompanied by
a decrease in volume, mechanical work is done by
the surroundings on the system and if the reaction
is accompanied by increase in volume, the
mechanical work is done by the system on the sur-
roundings. As mechanical work is also a type of
energy, the movement of the piston in or out also
amounts to an exchange of energy between the
system and the surroundings.
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FIGURE 5.2. Examnples of closed system :
(a) Water placed in a closed vessel
{b) A reaction taking place in an enclosed cydinder.

(c) Isolated system. If a systemn can neither
exchange matter nor energy with the swroundings, it
is called an isolated system. For example, if water is
placed in a vessel which is closed as well as insu-
lated, no exchange of matter or energy can take
place between the system and the surroundings.
This constitutes an isolated system (Fig. 5.3).
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FIGURE 5.3. An example of an isclated system.

Tea placed in an open cup is an example of an
open system whereas tea placed in a closed steel
tea-pot is an example of a closed system and tea
placed in thermos flask is an example of an isolated
system. (Fig. 5.4)

TEA IN OPEN CUP

TEA IN STEEL KETTLE

ISOLATED SYSTEM

FIGURE §.4. Examples to illustrate open,
closed and isolated systems.

3. State of a system and State variables. The
state of a system means the condition of the system
which is described in terms of certain observable
(measurable) properties such as temperature (T),
pressure (P), volume (V) etc. of the system. If any of
these properties of the system changes, the system
is said to be in different state i.e. the state of the
system changes. That is why these properties of a
system are called state variables.

A process is said to occur when the state of
the system changes. The first and the last state of a
system are called the initial state and the final state
respectively.

4. State function. A physical quantity is said
to be state function if its value depends onl* upon
the state of the system and does not depend upon
the path by which this state has been attained. For
example, a person standing on the roof of a five
stroeyed building (i.e. at a particular height) has
a fixed value of potential energy, irrespective of
the fact whether he reached there by stairs or by
a lift. Thus the potential energy of the person is
a state function. On the other hand, the work
done by the legs of the person to reach the same
height is not same in the two casesi.e. whether he
went by lift or by stairs. Hence work is not a state
function. Instead, it is sometimes called a ‘path
function’.
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Alternatively, a physical quantity is said to be
a state function if the change in its value during the
process depends only upon initial state and the final
state of the system and does not depend upon the path
by which this change has been brought abou.

5. Macroscopic system and Macroscopic
Properties (Extensive and Intensive Properties). [f
a system contains a large number of chemical species
i.e. atoms, ions or molecules, it is called a macro-
scopic system. The word macroscopic implies large
quantities. Thermodynamics does not deal with the
properties of the individual atoms and molecules
but deals with the matter in bulk. Such properties
of the macroscopic systems like temperature, pres-
sure, volume, density, melting point, boiling point
etc. are called macroscopic properties or ther-
modynamic properties. These are further classified
into two types as follows :

(i) Extensive properties. These are those
properties which depend upon the quantity of the
matter contained in the system. The common €x-
amples of these properties are mass, volume and
heat capacity. Besides these, some other propertics
discussed later in this unit include internal energy,
enthalpy, entropy, Gibbs free energy etc. The total
value of an extensive property is equal to the sum
of the values for the separate parts into which the
system may be divided for the sake of convenience.

(ii) Intensive properties. These are those
properties which depend only upon the nature of the
substance and are independent of the amount of the
substance present in the system. The common €x-
amples of these properties are lemperature, pres-
sure, refractive index, viscosity, density, surface
tension, specific heat, freezing point, boiling point eic.
It is because pressure and temperature are inten-
sive properties, independent of the quantity of the
matter present in the system that they are frequent-
ly used as variables to describe the state of a system.

It is of interest to note that an extensive
property may become intemsive property by
specifying unit amount of the substance concerned.
Thus mass and volume are extensive properties but
density and specific volume (i.e. mass per unit
volume and volume per unit mass respectively) are
intensive propertics of the substance or the system.
Similarly, heat capacity is an extensive property but
specific heat is intensive (as will be discussed later).

Further, extensive properties are additive but
intensive properties are not.

6. Types of thermodynamic processes. A ther-
modynamic process is said to occur when the system
changes from one state (initial state) to another (final
state). The different processes commonly met
within the study of chemical thermodynamics are
as follows :

() Isothermal process. When a process is
carried out in such a manner that the temperature
remains constant throughout the process, it is called
an isothermal process. Obviously, when such a
process occurs, heat can flow from the system to the
surroundings and vice versa in order to keep the
temperature of the system constant.

(i) Adiabatic process. When a process is car-
ried out in such a manner that no heat can flow from
the system to the surroundings or vice versa. i.e. the
system is completely insulated from the surround-
ings, it is called an adiabatic process.

(iii) Tsochoric process. It is a process during
which the volume of the system is kept constant.

(iv) Isobaric process. It is a process during
which the pressure of the system is kept constant.

7. Reversible and Irreversible Processes. The
various types of processes mentioned above may be
carried out reversibly or irreversibly. These terms
may be understood as follows :

In order to understand a reversible process,
imagine a gas confined within a cylinder provided
with a frictionless piston upon which is piled some
very fine sand (Fig. 5.5). Suppose the pressure
exerted by the gas on the piston is equal to the
combined pressure exerted by the weight of the
piston, the pile of sand and the atmospheric pres-

A PILE OF
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g /', PISTON
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GAS I\ INTERNAL

PRESSURE

FIGURE 5.5. Understanding the
concept of a reversible process.
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sure. Thus under these conditions, the piston
does not move at all and a state of equilibrium is
said to exist. Now i one particle of sand is
removed, the gas will expand very slightly but the
equilibrium will be restored almost immediately.
Such a change is called an infinitestimal change.
If the particle of sand is replaced, the gas will
return to its original volume. By the continucd
removal of the particles of sand, the gas can be
allowed to undergo a finite expansion but each
step in this expansion is an infinitesimal one and
can be reversed by an infinitesimal change in the
external conditions. At all times, the equilibrium
is restored immediately,

A process carried out in the above manner is
called a reversible process and may be defined as
follows :

A reversible process is a process which is carried ont
infinitestimally slowly xo that all changes oceurring
in the direct process can be exactly reversed and tie
System remains afmost in a state of equilibrivm with
the surroundings at every stage of the process.

On the ather hand, a process which does not meer
the above requirements is called an irreversible
process. In other words, an irreversible process is
defined as that process which is not carried out
infinitesimally slowly (instead, it is curried out
rapidly) so that the successive steps of the direct
process cannot be retraced and any change in the
external conditions disturbs the equilibrium.

The main points of difference between a re-
versible and an irreversible process may be
summed up as follows :

Reversible Process

i

irreversi hle Pmcess-_u

1. The process is carried out infinitesimally slowly ie.
difference between the driving force and the opposin I
force is very very small.

2. At any stage during the process, equilibrium is not
disturbed.

3. Tt takes infinite time for completion.

4. It is only imaginary and cannot be achieved in actual
practice.

5. Work obtained in this process is maximum.

1.

e

4.

This process is not carried out infinitesimally stowly
but is carried out rapidly Le. the difference betwesn
the driving force and the opposing force is quite large. |
Equilibrium may exist only after the completion of the
process.

It takes a finite time for completion.

These processes actually occur in pature.

Work obtained in this process is not maximum. |

SECTION IT
ZEROTH LAW OF THERMOLYNAMICS
5.3. Definition of Zeroth Law

As mentioned in the beginning of this unit,
this law was put forward much after the enunciation
of the first and second law of thermodynamics.
However, it is of primary importance as it gives the
basis of the measurement of temperatures. Hence
it is called as zeroth law of thermodynamics or it is
also called the law of thermal equilibrium.

To understand the origin of the law, consider
two bodies A and B separately in thermal equi-
librium with the third body C (i.e. bodies A and C
have equality of temperature and bodies B and C
also have equality of temperature), then if the
bodies A and B are brought in contact with each
other, they will also be in thermal equilibrium (i.e.
bodies A and B will also have an equality of
temperature with each other) (Fig. 5.6).

This leads to the following definitions for the
zeroth law of thermodynamics :

0

FIGURE 5.6. (a) Thermal equitibriurm between
i bodies A and C

(b) Thermal equilibrium between bodies B and C
{c) Thermal equilibrium between bodies A and B.

When two bodies A and B are separately in thermal
equilibrium with o third body C, they in turn are in
thermal equilibrium with each other.
i L
 When two bodies A and B have equality of
temperature with a third body C, they in turn have
equality of temperature with each other.
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5.4. Application of Zeroth Law in
Measurement of Temperature S

Suppose the body C is a thermometer. It js
kept in contact with the body A till the temperature
on the thermometer becomes constant, Now sup-
pose the thermometer is removed from the body A
and is brought in contact with body B. If the mer-
cury level of the thermometer does not show any
change, we say that the two bodies A and B are in
thermal equilibrium with the given thermometer. In
other words, bodies A and B have equality of
temperature with each other. Thus for measure-
ment of temperature, numbers can be marked on
the mercury thermometer and every time a body
has equality of temperature with the therm ometer,
We can say that the body has the temperature, we
read on the thermometer.

The fact stated above is so simple and familiar
that it does not need any further experiments for its
support.

It may be pointed out that as thermometer js
a very small body (as only the bulb comes in con-
tact), it has negligible exchange of encrgy when it is
brought in contact with large bodies like A and B.
Hence the encrgies of the bodies A and B are
supposed to remain almost unchanged during
lemperature measurement,

Temperature i ameasure of thecaact hotncss or
coldness of a body. It has to be done with a
reference. On the celsius scale,

. mé*%ei'mfemnéé
points are the ice point ((°C) and the steamn point
Wﬂﬁﬁﬁ;gﬁgﬁﬁﬂ_”.

- 4 fixed temperature and pressure (0-01°C,
438 torr) at which all the three phases of water
Le. ice, liquid water and water vaiour cxist

5
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SECTION HI
FIRST LAW OF THERM ODYNAMICS

5.5. Some Thermodynamic Quantities R

A number of thermodynamic quantities ap-
pear during the study of thermodynamics e inter-
nal energy, heat, work, enthalpy, entropy, free
energy eic. The first three terms are briefly
described below. The remaining terms will be dis-
cussed at +2 level.

(1) Internal energy. It is well known that
whenever some process (physical or chemical) oc-
curs, it is usually accompanied by some energy
change. The energy may appear in different forms
such as heat, light, work etc.

The evolution or absorption of energy in dif-
ferent processess clearly shows that every sub-
stance (or the system containing one or more
substances) must be associated with some definite
amount of energy, the actual value of which
depends upon the nature of the substance and the
conditions of temperature, pressure, volume and
composition. It is the sum of different types of
energies associated with atoms and molecules such
as electronic energy (E,), nuclear energy (E,),

chemical bond energy ( E,), potential energy (E,)
and kinetic energy (E,) which is further the sum of
translational energy (E,), vibrational energy (E,)
and rotational energy (E,). Thus

E=E +E,+E +E, +E,

S %w#

Thee hus ston n oo (o =
- system) is called its internal energy and is usually
denoted by the symbol E'or .~

Internal energy is a state function. The inter-
nal energy of a definite amount of a particular
substance under given conditions of temperature
and pressure always has a definite value. For ex-
ample, a certain amount of CQ), under given condi-

tions of temperature and pressure will always have
the same internal energy, irrespective of the man-
ner by which it has been produced. This is ex-
pressed by saying that internal energy is a state
Junction (i.e. a property which depends only on the
state of the system),

Internal energy change. The absolute or exact
value of internal energy possessed by a substance
cannot be determined. This is because it is impos-
sible to determine accurately most of the quantities
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which contribute towards internal energy of the
system. But it does not matter, since we are not
interested in knowing the absolute value of internal
encrgy of a substance. Rather, we are interested in
the change in internal energy which accompanies a
process and this can be determined. The change in
internal energy, AE (or AU), accompanying a
process is given by
AE = Ez == E]

or AU=U, - U,
where E; (or Uy) is the internal energy of the
system in the initial state and E, (or U,) is the
internal energy in the final state.

Since E, and E, are state functions, therefore,
AE is also a state function (i.e. depends only on the
initial state and the final state of the system).

In case of a reaction, if E; (or Uy) is the
internal energy of the reactants and E, (or U,) that
of the products, the change in internal encrgy
during the reaction is given by

AE = E, — Eg
or AU=U, ~ Ug
Two more important points about the internal

energy are as follows :

(f) The internal energy depends upon the
quantity of the substance contained in the system,
Hence it is an extensive property.

() The internal energy of ideal gases is a
function of temperature only. Hence in isothermal
processes, as the temperature remains constant,
there is no change in internal energy i.e.

AE = (.
Sign of AE. Obviously, if E; > E, (orE, >
E,), the extra energy possessed by the system in the

initial state (or the reactants) would be given out
and AE will be negative according to the above
equations,

Similarly, if E; < E, (or Ep < E)), encrgy
will be absorbed in the process and AE will be
positive. Hence

AE (or AU) is negative if energy is evolved
and AE (or AU) is positive if energy is absorbed

Units of E or U. The units of energy are ergs
(in CGS units) or joules (in SI units)

1 joule = 107 ergs.

(2) Work. As learnt from lessons in Physics,

work is said to have been done whenever the point of

application of a force is displaced in the direction of
the force. If F is the magnitude of the force and d/ is
the displacement of the point of application in the
direction in which the force acts, then the work
doneisgivenby w =F X d!

The above type of work is called mechanical
work. Howsver, there are many other forms of work
but in each of these forms

Work done = [A generalized force]
X [A generalized displacement]

Two main types of work used in
themodynamics are briefly described below :

(i) Electrical work, The generalised force is
the EXM.F. and the generalized displacement is the
quantity of electricity flowing through the circuit.
Hence

Electrical work done

= E.M.E x Quantity of electricity.

This type of work is involved in case of reac-
tions involving ions.

(i) Work of expansion or Pressure-volume
work. This type of work is involved in systems con-
sisting of gases. This is the most important form of
work used in the study of thermodynamics. It is the
work done when the gas expands or contracts against
the external pressure (usually, the atmospheric pres-
sure). It is a kind of mechanical work, The EXpres-
sion for such a work may be derived as follows :

Consider a gas enclosed in a cylinder fitted
with a frictionless piston (Fig. 5.7).

P
=y T, T
f}".f J‘}‘-\-\.
Fw” é! J'-'-“'IT-

wlilly i

L

T e
sQ. CM

FIGURE 5.7. Expansion of a gas.

Suppose
Area of cross-section of cylinder = @ sq. cm
Pressure on the piston = P

(Which s slightly less than internal pressure of
the gas so that the gas can expand)
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Distance through which gas expands = d/ cm
Then as pressure is force per unit area, force

(f ) acting on the piston willbe f = P X a
Work done by the gas {i.¢. the system)
= Force X Distance = f X dl =P X a X dl.
But 2 X dl = dV, a small increase in the
volume of the gas. Hence the small amount of work

(dw) done by the gas can be written as
dw =P xdV

If the gas expands from initial volume V' to
the final volume V,, then the total work done (w)

will be given by

If the external pressure P against which the
gas expands remains almost constant throughout
the process (so that it is ireversible expansion), the
above result may be written as

VI
w =P J dV =P (V,— V) =P.AV

Vi
where AV = (V, — V) is the total change in

volume of the gas (or the system). This is the
expression for work of irreversible expansion,

If the external pressure (P) 1s slightly morc
than the pressure of the gas, the gas will contract
i.e., the work will be done by the surroundings on
the system. However, the same formula will apply
for the work done.

It may be mentioned here that P is the external
pressure and hence is sometimes written as P, so

that w=PFP,_ XAV

Sign of w. According to the latest S.I. conven-
tion, w is taken as negative §f work is done by the
system whereas it is taken as positive if work is done
on the system. Thus for expansion, we write

= —_PAV
and for contraction, we have
w=PAV

*Work = Force ¥ distance = N Xm = Nm = 1]

Force = mass X acceleration. Hence work = kg X ms™

Units of w. The units of work are the same as
those of energy viz. ergs or joules (1J = 1 Nm
= 1kgm? s~ %)*

Work done in isothermal reversible expan-
sion of an ideal gas.** The small amount of work
done, dw, when the gas expands through a small
volume, dV, against the external pressure, P is given
by dw = — PdV

Total work done when the gas expands
from initial volume V| to final volume V,, will be

V2
w=— J PdV
b
For an ideal gas, PV = nRT e
_ nRT
v
VZ
Hence w= — J ’JR—TdV
v
Vl
For isothermal expansion, T = constant so that
Y
2
w=—nRT | ~av
3 v
!
L)
=—nRTl v,

v,
— 2-303nRT log v
1

Py
— 2-303nRT log -
P,

(At const. temp., P,V,; = PV, or v, = P—z)

The — ve sign indicates work of expansion.

(3) Heat. Just as work is a form of encrgy
which is exchanged between the system and the
surroundings as a result of expansion or contrac-
tion of the gas because of the difference in the
internal pressure of the gas and the external pres-
sure, similarly heat is another mode of energy ex-
changed between the system and the surroundings as

2 2

Xm=kgm's

#*For reversible expansion, extetnal pressure is not constant but is changed continuously so as to be infinitesimally smaller

than the internal pressure of the gas.
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a result of the difference of temperature between
them. [t is usually represented by the letter ‘g’

It may be pointed out that both heat and work
appear only at the boundary of the system.

Sign of *g’. When heat is given by the system
to the surroundings, it is given a negative sign,

When heat is absorbed by the system from the
surroundings, it is given a positive sign.

Units of ‘q’. Heal is usually measured in terms
of ‘calories’. A calorie is defined as the quantity of
heat required to raise the temperature of one gram of
water through 1°C (in the vicinity of 15°C).

In the S.I. system, heat is expressed in terms
of joules. The two types of units are related to each
other as under :

I calorie = 4- 184 joules

which means the same thing as
Ijoule = 0-239%) calories

It may be noted that whereas internal energy
is a state function, work and hcal arec not state
functions because their values do not depend mere-
ly on the initial and final states but depend upon
the path followed.

Difference between heat and work. When heat
is supplied to a gas in a system, the molecules start
moving faster with greater randomness in different
directions. However, when work is done on the
system, then initially the molecules start moving
down in the direction of the piston. Thus whereas
heat is a random form of energy, work is an organised

form of energy.
5.6. First Law of Thermodynamics

Definition. The first law of thermodynamics
is simply the law of conservation of energy which
states that

Energy can neither be created nov destroved although
it may be converted from one form te another.
or
The total energy of the universe (i.e. the system
and the surroundings) remains constant, although
it muay undergo transformation from one form to the
other,

Justification for the First Law of Ther-
modynamics. This law is purely a result of ex-
perience. There is no theoretical proof for it,
However, some of the following observations sup-
port the validity of this law.

(i) Whenever a certain quantity of some form
of energy disappears, an exactly equivalent amount

of some other form of energy must be produced. For
example,

{a) In the operation of an clectric fan, the
electrical energy which is consumed is converted
into mechanical work which moves the blades.

{b) The electrical energy supplied to a heater
is converted into heat whereas electrical cnergy
passing through the filament of a bulb is converted
into light.

(c) Water can be decomposed by an electric
current into gaseous hydrogen and oxygen. It is
found that 286- 2 kJ of electrical energy is used to
decompose 1 mole of water.

H,0() +286-2k—— H, @)+ 5 0, ()
Electrical
energy

This energy must have been stored in
hydrogen and oxygen since same amount of energy
in the form of heat is released when 1 mole of water
(liquid) is obtained from gaseous hydrogen and
oXygen.

Hy(g) + 2 O, (§)— H,0() + 2862 kJ
2 Heat energy
Thus 286- 2 kJ of electrical energy which was
supplicd to the system (substance under observa-
tion) has been recovered later as heat energy i.e.

Electrical energy supplied = Heat energy
produced

Thus energy is conserved in one form or the
other though one form of energy may change into
the other form,

(i) It is impossible to construct a perpetual
motion machine i.e. a machine which would produce
work confinuously without consuming energy
(Helmholtz, 1847).

(iii) Thereis an exact equivalence between heat
and mechanical work i.e. for every 4- 184 joules of
work done, I calorie of heat is produced and vice
versa (Joule 1840).

The above three observations are also some-
times taken as alternate statements of the first law
of thermodynamics.

Mathematical formulation of the first law of
thermodynamics (i.e. Relationship between intemal
energy, work and heat).

The internal energy of a system can be in-
creased in two ways (Fig. 5.8) :
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FIGURE 5.8. Increasing internal energy by
absorption of heat and by doing work on the system.

(i) By supplying heat to the system

(i) By doing work on the system.

Suppose the initial internal energy of the sys-
tem = E, '

If it absorbs heat g, its internal energy will
become = E; + ¢

If further work w is done on the system, the
internal energy will further increase and become =
E, + g + w. Let us call this final intcrnal energy as

E,. Then E,=E, +q+w
oo E,-E =qg+w
or AE = qg+w | weli)
This equatibn. 1s :h_c matﬁematical formuia-
tion of the first law of thermodynamics.

If the work done is the work of expansion, then
= — PAV, where AV is the change in volume and
P is the external pressure. Eqn. (i) can then be

written as AE = q — PAV
or [q=AE+PAV] " )

Two interesting results follow from the math-
ematical formulation of the first law of ther-
modynamics, as under : —

(i) Neither g nor w is a state function, yet the
qunatity g +w ( = AE) is a state function (be-
cause AE is a state function).

(%) For anideal gas undergoing an isothermal
change, AE = 0.Hence g = —w

i.e. the heat absorbed by the system is equal to
work done by the system.

Internal enregy is a state function — A deduc-

tion from the First law of Thermodynamics. Sup-
pose the internal energy of a system under some

*or using the wmbol-U in pch;;f E for internal energy, we can write

AU = g + wand g = AU + PAV

conditions of temperature, pressure and volume is
E, (statc A). Now suppose the conditions are

changed so that the internal energy is E (state B)

(Fig. 5.9). Then if internal energy is a state function,
the difference AE = Ep — E, must be same

irrespective of the path from A to B. If not, then
suppose in going from A to B by path 1, the internal
energy increases by AE but on returning from B
to A by path 11, internal energy decreases by AE .
If AE > AE’, some energy has been created and if
AE < AE', some energy has been destroyed
though we have returned to the same conditions.
This is against the first law of thermodynamics.
Hence AE must be equal to AE' i.¢. internal energy
is a state function.

PRESSURE ———»

VOLUME ———P

FIGURE 5.9. Changes in internal
energy in direct and reverse paths.

Internal energy change in terms of heat
evolved or absorbed. From first law of ther-
modynamics, g = AE + PAV

If the processis carried out at constant volume
(say in a closed vessel), AV = 0. The above equa-
tion then reduces to the form

AE = g, (v indicating constant volume)
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Hence

The internal energy change is the heat evalved or
absorbed ai constant volume.

Work and heat are not state functions. Un-
like internal energy, the work done during a
process does not depend merely on the initial and
the final states of the system but it depends upon
the path followed. Hence work is not a state
function but a path function. This may be made
clear as follows :

Suppose we wish to change the system from
A to B, This may be done by following different
paths as shown in Fig. 5.10. Confining ourselves
to the work of expansion only, we know that the
work done for a small change in volume dV is
PdV where P is the external pressure. Thus the
total work done is the sum of P4V terms and this
is equivalent to the arca under the curve in the
P—V diagrams.

From Fig. 5.10, it is obvious that areas under
the curve are different and hence the work done is
different when different paths are followed.

rgwﬁcﬁ; L PROBLEMS ON

FORMULAS
| AN
| UNITS

i According to first law of thermodynamics
' g, AE and w are in joules

A

!

V=

FIGURE 5.10. Different paths followed in
going from state A to state B.

That heat is not a state function follows direct-
ly from the mathematical formulation of the first
law of thermodynamics viz.

AE=qg+w or g=AE-w

As AE is a state function but w is not a state

function, hence ¢ is also not a state function.

FIHST Lﬁtw G‘: THE‘?MDD‘-’N#’M VMICS

R R e

AE=g+w

o Heat absorbed by the system, q is + ve.
Heat given out by the system, q is —ve.
Enerpy absorbed by the system,
{Le. internal energy of the system increases), AE is +ve
Energy given out by the system,
(ie. internal energy of the system decreases), AE is —ve
Work done on the systenm, w is +ve.
Work done by the system, w is —ve.

UNAMIPLE 1 Calculate the internal energy
change in each of the following cases : —

(i) A system absorbs 15 kf of heat and does 5
kJ of work.

o (ii) 5 kI of work is done on the system and 15
kJ of heat is given out by the system.

Solution. (f)Here ¢ = +15kJ
= —5kJ
. According to first law of thermodynamics,
AE=g+w=15+(=5) = 10kJ
Thus the internal energy of the system in-
creases by 10 kJ

(i) Here w= +5KkJ
g=—15kJ
. According to first law of thermodynamics
AE = g+w=—15+(+5) = - 10K
i.e. the internal energy of the system decreases

by 16 kJ,

EXAMPLE 2. Calculate the amount of work
done in each of the foliowing cases : —
* (i) One mole of an ideal gas contained in a bulb
of 10 litre capacity at 1 atm is allowed to enter into
an evacuated bulb of 100 litre capacity.
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(i) One mole of a gas is allowed to expand from
a volume of 1 litre to a volume of 5 litres against the
constant extemal pressure of I atm (1 litre atm =
101.37)

Also calculate the intemal energy charge (AU) in
each case if the process were carried ot adiabatically.

Solution. (i} w =P_, x AV

As expansion takes place into the evacuated
bulb, i.e. against vacuum, P,,, = (.

Hencew = 0.
For adiabatic process, g = 0
~AU=g+w=0+0=10
(#) AV =V, =V, =5-1 = 4litres
P = 1latm
w = — PAY
—1 % 4litre atm = —4 litre atm
—4x1013) = — 4052)
Altermnatively, using the SI units directly
P = 1 atm = 101325 Pa
AV =4L=4x 107 m’
w=-PxAV
= —101325 x 4 X 1073 J= -405-3)
The negative sign implies that the work is done
by the system.
For adiabatic process
AU=g+w=0-405-3]
= —405-3)
5N APLE 3. Calculate the maximum work
obtained when 075 mol of an ideal gas expands
isothermally and reversibly at 27°C from a volume of
15 L to 25 L. Also calculate the value of g and AU
accompanying the process.

Solution. For isothermal reversible expan-
sion of an 1deal gas.

RT h: 2-303nRT 1 V2
W= —n lnvl——-33n og-v—1

PROBLEMS EOR PRACTICE v .

1. 500 joule of heat was supplied to a system at con-
stant volume. It resulted in the increase of tempera-
ture of the system from 20°C to 25° C, What is the
change in internal energy of the system?

| Ans. AE = 500 J]

2. What would be the work done on/by the system if

the internal energy of the system fails by 100 joules

Putting n = 0-75mol, V, = 15L,
V,=25L,T =27 + 273 = 300K and

R = 8-314JK ! mol™!, we get

w=—2-303 x 0-75 x 8314 x 3()010g1§5

= —955.5]

( —ve sign represents work of expansion}

For isothermal expansion of an ideal gas,
AU =10

SAU=g+wgivesg=—w=+955-5]

EXAMDPLE 4. Carbon monoxide is allowed to
expand isothermally and reversibly from 10’ to
20 m’ at 300 K and work obtained is 4- 754 kJ. Cal-
cilate the number of moles of carbon monoxide.

Y
Solution. w = 2-303 n RT log 72
1

4754 =2-303 X n % 8-314 x 300 x logi'—g.

This givesn = 2-75 moles.

Y EXAMPLE 5.4 5-moles cylinder contained 10
moles of oxygen gas at 27°C. Due to sudden leakage
through the hole, all the gas escaped into the atmaos-
phere and the cylinder got empty. If the atmospheric
pressure is 1-0 atmosphere, calculate the work done

by the gas.
Solution. V..., = 5L,
T=27C =27+ 273K = 300K
aRT  10x0-0821x300

AV = Vjr = Vi =246:3-5=241-3L
w, . =—PAV = —1x241-3L atm

exp
= —241-3 x 101-3J
= —24443 .7 ].

even when 200 joules of heat is supplied to it ?
[ Ans. Work done by the system = 300 J]
3. Calculate the work done when -0 mol of water at
373 K vaporizes against an atmospheric pressure of
1-0 atmosphere. Assume ideal gas behaviour.

[ Ans. 3100 ]]
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1. At constant volume, AV = 0. Applymg
AE =g +w =g +PAV,WEe et AE = ¢ = 500 L.

3. PV=nRTurV=nE’LPI

_ 1x0:0821 x 373
ST TSI o

Taking volume of liquid walter to be negligible,
AV =V, Ho(,)—30 6 L.

=30-6L

5.7. Enthalpy or Heat Content ; e

If a process is carried out at constant pressure
(as is usually the case, because most of the reactions
are studied in vessels open to the atmosphere or if
a system consists of a gas confined in a cylinder
fitted with a piston, the external pressure acting on
the piston is the atmospheric pressure), the work of
expansion is given by
w= — PAV 0
where AV is the increase in volume and P is the
constant pressure.
According to first law of thermodynamics, we
know that
g=AE —-w (1))
where g is the heat absorbed by the system, AE is
the increase in internal encrgy of the system and w
is the work done by the system.

Under condition of constant pressure. putting
= — PAV and representing the heat absorbed by

q,, we get
» = AE + PAV -..({iT)
Suppose when the system absorbs g, joules of
heat, its internal energy increases from E, to E, and
the volume increases from V| to V,. Then we have
AE=E, - E, i)
AV =V, -V, )

Putting these values in equation (i) above, we
get

and

4 = (B, — E) + P(V, - V})
or q,= (B, +PV))~(E +PV)) .0

Now as E, P and V are the functions of state,
therefore the quantity E + PV must also be a state
function. The thermodynamic quantity E + PV is
cailed the heat content or enthalpy of the system
and is represented by the symbol Hi.e. the enthalpy
may be defined mathematically by the equation

Thus if H, is the cnlhdlpy of the system in the
final state and H, is the value in the initial state, then

=E, + PV,
and H; =E; +PV,
Putting these values in equation (vi), we get
qp = H, - H,

or [ gq,=aH] v
where AH = H, — H, isthe enthalpy change of the
system.

Hence enthalpy change of a system is equal to the
heat absorbed or evolved by the system at constant
pressure.

It may be remembered that as most of the
reactions are carried out at constant pressure (i.e.

in the open vessels), the measured value of the heat
evolved or absorbed is the enthalpy change.

Further, putting the value of q, from equation
(vii) in equation (iii), we get

AH = AE+PAV ...(viif)

Hence the enthulpy change accomparying a process
muy also be defined as the sum af the increase in
internal energy of the system and the pressure-volume
work done i.e. the work of expansion.

Physical concept of enthalpy or heat content.
In the above discussion, the enthalpy has been
defined by the mathematical expression,
H=E+PV. Let us try to understand what this
quantity really is.

It has been described earlier that every sub-
stance or system has some definite energy stored in
it, called the internal energy. This energy may be
of many kinds.

The energy stored within the substance or the system
that is available for conversion into heat is called
the keat content or enthalpy of the substance or the

System.
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As H = E + PV and absolute value of E
cannot be determined, therefore, the absolute
value of the heat content or enthalpy of a substance
or a system cannot be measured. Fortunately, this
is not required also. In the thermodynamic proces-

ses, we arc concerned only with the changes in
enthalpy (AH) which can be easily measured ex-
perimentally. Further, it may be mentioned here
that as E and V are extensive properties, therefore
the enthalpy is also an extensive property.

1. Both internal energy and enthalpy are state func-
tions.

2. Both are extensive properties.

3. The absolute value af neither internal energy nor
enthalpy can be determined.

4. Internal energy change is the heat evolved or ab-
sorbed at constant volume while enthalpy change is
that at constant pressure i.e. AE = ¢,,, AH =g,

5. In a cyclic process i.e. when the system returns to
original state after a number of changes, AE or
AH =0.

5.8. Relationship Between Heat of
Reaction at Constant Pressure
and that at Constant Volume s

1t has already been discussed that

g, = AHand g, = AE (i)

It has also been derived already that at con-
stant pressure
AH = AE + P AV - (i)
where AV is the change in volume
Eqn. (i) can be rewritten as
AH=AE+P(V, -V,

= AE + (PV, — PV)) (i)
where V| is the initial volume and V, is the final
volume of the system.

But for ideal gases, PV = nRT so that we have

PV, = n,RT (i)

(V)

where n, is the number of moles of the gaseous
reactants and n, is the number of moles of the
gaseous products.

Substituting these values in eqn. (i), we get

AH = AE + (1,RT — n,RT)

and PV, = n,RT

=AE + (n, —n) RT

or AH = AE + An RT we(¥E)

where An, = n; — ny is the difference between the
riumber of moles of the gaseous products and those
of the gaseous reactants

Putting the values of AE from eqn. (i), eqn.
(vi) becomes

[q,,=qu+An,RT .
l |

L (¥il)

Conditions under  which

or AH= AE

(i} When reaction is carried out in a closed
vessel so that volume remains constant i.e. AV = ()

dp = d,

(ify When reaction involves only solids or
liquids or solutions but no gaseous reactant or
product. This is because the volume changes of the
solids and liquids during a chemical reaction are
negligible.

(iii} When reaction involves gaseots reactants
and products but theirnumber of moles are equal (i.c.
n, =n)eg in the reactions

H,(g) + Cly(g) 2HCI (g)
Cis) + 0,0 CO; ®
Thus g, is different from g, only in those

reactions which involve gaseous reactants and

products and (n ) ® (n

P guseous Saseous
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Here An

RELATIONSBIP BETWEEN ¢, AND g,

R

@y =+ Arlg RT
AH = AE + An RT
AH = AU + A.Plg RT

=WjR_ =1
& (P ’)ga:eouf

lfqp and g, (or AH and AE or AU) are in calories,

R =1-987= 2 cal/degree/mole.

If they are in kcals,
R = 002 kcal/degree/mole.

Ifthey are in joules, R = 8-314 K~ mole ™! and if they are in kJ,
R =0-008314 kJ K~ ! mole™". Tis temperature in K.

,-l ¢ EXAMPLE. The heat of combustion of benzene
in a bomb calorimeter (i.e. constant volume ) was found
to be 3263-9 kI mol ~! at 25°C. Calculate the heat aof

combustion of benzene at constant pressure.
Solution. The reaction is

CoHy()+750,6) — 6CO, (g)+3H,0()

In this reaction, O, is the only gaseous reac-
tant and CQ, is the only gaseous product.

An =n

e

=6-7== —1>= —3/2

SR
ta =

PROBLEMS FOR PR

1. The heat of combustion of CH, (g) at constam

volume is measured in a bomb calorimeter at 298.2
K and found to be —885389 J/mol. Find the value

of enthalpy change. [ Ans.—890347 J mol_]]

2. The enthalpy change (AH) for the reaction
N,®) + 3Hy(g)——= 2NH,(g) is—92-38 k] at 298

K. What is AU at 298K ?
(A.LS.B. 1991 S, 2001, PS.B. 95, NCERT)
[ Ans.—87-42 kJ]
3. The internal energy change (AE) for the reaction
CH,(g) + 2056) —— CO g + 2H,O0 () is

-885 kJ mol~! at 298 K What is AHat298

K? -1 g
(H.PS.B. 1994} [ Ans.—889-96 kJ mol 1]

4. When NH,NO,(s) decomposes at 373 K, it forms
N, () and H,O (g). The AH for the reaction at one

Also, we are given

AE (org,) = —3263-9 kJ mol~!
T = 25°C = 298K
R = 8-314J K™ mol™!
g 8'314 = | =
= 000 kJ K™ ! mol

AH (org,) = AE + An, RT
3 8314
= — 32639 + (- 2) (1000 ) (298)
= —3263-9 —-3.7
= —3267-6 kJ mol .

atmospheric pressure and 373 K is —223-6 kJ
mol~! of NH, NO,(s) decomposed. What is the
value of AU for the reaction under the same condi-
tions ? (Given R = 831 JK~! mol™])

(A.1.S.B. 1998) [Ans.—232-9 kJ mol™?]

. When (532 g of benzene (C4Hg), boiling point

353 K is burnt with excess of oxygen in a constant
volume system, 22 -3 kJ of heat is given cut. Calcu-
late AH for the combustion process (R = 8-31

K™ mot™ (A.LS.B. 1999)
[ Ans.—3274-2 k] mol ™)
- The heat of combustion of naphthalene

C0Hg (53) at constant volume was found to be
108

~ 5133 kI mol~". Calculate the value of enthalpy
change. [ Ans. - 512804 kJ mol 1)
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4. NH,NO, (s)— N, (g} + 2 H,0 (g), AB = - =223 ifinot™!
Mg =3-0=3 —1
= — 32698 k]I mol

AE = AH —AngRT
=—223:6 —3 x (8-314/1000) x 373

=—232.9 &I mol L.
5. 0-532 g CgHg = 0-532/78 mole

= (-(N682 mole

b ek

Sl B e '°"'°"°3r;famﬂﬁ°‘°j°_1;<;£?<;,6><;<><>N<> aaaaaaaaa e

Calculate AH as in solved example above.
6. Cigllg (5) + 12 0, (8)— 10 CO, () + 4 H,O (),

AE = — 5133 kI mol !
An=10-12=-2

R R S e L s s R e

ADD TOYOUR KNOWLEDGE /.

1 cal > 1 joule > 1 erg.

. 2. When areal gas is allowed to expand adiabatically from a region of high pressure to a region of low pressure
through a fine hole, it is accompanied by cooling except H, and He which get warmed up. This phenomenon

is known as Joule-Thomson effect.

During adiabalic expansion of a real gas, enthalpy (but not internal energy) remains constant. Tt is, therefore,
called isenthalpic process.

‘The temperature at which a real gas shows no cooling or heating effect on adiabatic expansion is called
inversion temperature. Below this temperature it shows cooling effect while above this temperature., it shows
heating effect.

H, and He have very low inversion temperatures. That is why they show heating effect at room temperature
during adiabatic expansion.

#.  During isothermal expansion of an ideal gas AE = 0, AT = 0

H=E +PVor AH = AE + A (PV) = AE + PrRAT = 0 + 0 = (. Hence enthalpy remains constant.

7 3.
5 4.

A

5.9. Heat Capacity, Specific.Heat Capacit
and Molar Heat Capacity

5.9.1. Definitions.

The heat capacity of a system is defined as the
amoun! of heat required to raise the temperature of
the system through 1°C.

Thus if dg is small amount of heat absorbed by a
system which raises the temperature of the system
by a small amount dT (sayfrom Tto T + 4T), then
the heat capacity of the system will be given by

_dq 3
C= T ()
The specific heat capacity (or specific heat) of a
substance is defined as the amount of heat required
to raise the temperature of 1 gram of the substance
through 1°C.

If instead of 1 g, 1 mole of the substance is

taken, the term used is called ‘molar heat capacity’.
Thus

Molar heat capacity of a substance is defined as the
amount of heat required to raise the temperature of
one mole of the substance through 1°C.

Thus if g is the amount of heat supplied to a
system and as a result, if the temperature of the
system rises from T, and T,, then the heat capacity

(C) of the system is given by
e . g
BT, = aT -
However since the heat capacity varies with

temperature, therefore the value of C has to be
considered over a very narrow temperature range.
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Example. To understand the difference be-
lween heat capacity, specific heat capacity and
molar heat capacity, let us take the following ex-
ample :

A piece of Al metal weighing 3 g requires
5-41] of heat to raise the temperature from 298 K
to 300 K. Then

Heat capacity of the piece of Al

5-4]

e -1
=5K 2-7IK

Specific heat capacity of Al
5-4]

T3gx2K

Molar heat capacity of Al

=09Jg  K!

oy = Sl
-3x2x27—243Jmol K
{1 mol of Al = 27 g of Al)

Evidently, the amount of heat, ¢ required to
raise the temperature from T, to T, of mass m gram

of a sample and having specific heat C, can be
calculated from the expression

g=mxCx(T,-T,)
=m X Cx AT

It is useful to remember that the specific heat
capacity of water ts 1 cal g=!' K~! or
4-18)g 'K~

5.9.2. Types of heat capacities or molar heat
capacities. Since ‘g’ is not a state function and
depends upon the path followed, therefore Cis also
not a state function. Hence to know the value of C,
the conditions, such as constant volume or constant
pressure have to be specificd which define the path.
Thus there are two types of heat capacities, which
are

(¥) Heat capacity at constant volume (repre-
sented by C, ).

(ir) Heat capacity at constant pressure (repre-
sented by C,).

The heat supplied to a system to raise its fempera-
ture through 1°C keeping the volume of the system
constant is called heat capacity at constanit volume.
Similarly, the keat supplied to a system to raise its
temperature through 1°C keeping the external pres-
sure constant is called heot capacity at constant
pressure.

Now, according to first law of ther-
modynamics, we know that

8q = dE + PdV ...(iii)
dE + PdV :
C= 8 (i)

When the volume is kept constant, dV = (and,
therefore, equation (iv) becomes

JE . ]
GC,= (Ef)u (V)

or for an ideal gas**, this equation may simply
be written as

(Vi)

Thus the heat capacity at constant volume may be
defined as the rate of change of internal energy with
temperature at constant volume.

When the pressure is kept constant during the
absorption of heat, equation (iv) becomes

ke iﬁ) P (i‘i)
a (aT 5 T/,
Also, we know that the heat content or enthal-
py of a system is given by
H=E + PV
Differentiating w.r.t. T at constant P, we get

dH JE v
(W]P = (EJP 4 P (?T_') ) .. (vifD)

Combining equations (vii) and (viii), we get

. (vif)

i G (%?—)P 1)

or for any ideal gas, this equation may simply
be put in the form

Cp = f—“;— | )

Thmthhmmﬁyﬂmsmﬂmmmuybe
d{mﬁmmem:ofdangeq{mﬂﬂw with
Lemperature al constant pressure.

*This is called partial differentiation and the equation is read as C,, is equal ta JE by 4T at constant volume.

**Foran H¥eul as, it can be shown ‘hat the internal encrgy is independent of volume and depends onlyen the “~nerature
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Alternatively, from equation (i), we can
directly say that

(©9)
Co="gr
But (Oq)p =dH
(according to def. of enthalpy change)
dH
S

Note. Heat capacities C, and C, as defined
above are the heat capacities per mole. These are
therefore, sometimes represented by C, and C,.
Hence for n moles of the substance, we have

C,=nC, and C,=nC,

5.93. Relatlonship between C, and C,. If the
volume of the system is kept constant and the heat
is added to a system, then no work is done by the
system. Thus the heat absorbed by the system is
used up completely to increase the internal energy
of the system. Again if the pressure of the system is
kept constant and heat is supplied to the system,
then some work of expansion is also done by the
system in addition to the increase in internal ener-
gy. Thus if at constant pressure, the temperature of

EXAMPLE. (a) Calculate the energy needed to
raise the temperature of 100 g of iron from 25°C to
Jo0eC if .'rlpeci_ﬁc heat capacity of iron is 0-45 J
I,roc}—1 g— :

(b) What mass of gold of specific heat capacity
0-13 7 (°C)~" g~ ! can be heated through the same
temperature difference when supplied with the same
amount of energy as in (a) ? (N.CE.RT.)

the system is to be raised through the same value as
at constant volume, then some extra heat is re-
quired for doing the work of expansion. Hence
C, > C,.

The difference between the heat capacities of
an ideal gas can be obtained by subtracting equa-
tion (vf) from equation (x). So we have

o -

G T " dT xd)

But H=E + PV (by definition)

and PV = RT (for 1 mole of an ideal gas)

H=E + RL

Differentiating this equation w.r.t. T, we get
dH dE

T dT +R (i)

& ‘f—}:— £ % -R )

Combining equation (xi) and (xiii), we get

i_CP -C,= R | for 1 mole of an ideal gas.

Thus C, is greater than C, by the gas constant
R, i.., approximately 2 calories or 8314 joules.

Solution. (@) Energy needed (q)
=m X CXAT
=10-0 x 0-45 x (500 — 25)J
= 2137-5])
(P)g=m X C X AT
2137-5=m % 0-13 x (500 — 25)
or m=734-6¢g

SECTION IV

ENERGY CHANGES
DURING CHEMICAL REACTIONS

5.10. General Introduction

G St T

A chemical reaction involves rearrangement
of atoms i.e. some bonds within each of the reactant
molecule are broken while some new bonds in cach
molecule of the products are formed. Energy is
required for the dissociation of bonds while energy
is evolved when the bonds are formed. If the total
energy evolved is greater than the total energy re-
quired, the net result is the release of energy and the
process is called ‘exothermic’. On the other hand, if

the energy required is greater than the energy
evolved, the net result is the ebsorption of energy
and the process is called ‘endothermic’.

Thus alt chemical reactions are usually ac-
companied by energy changes. Ordinarily, these
energzy changes appear in the form of absorption or
evolution of heat. However, under certain condi-
tions, these may also appear in the form of light,
work, electricity etc. These energy changes arc of
great practical utility both for domestic and in-
dustrial purposes. A few such reactions alongwith
the form in which the accompanying energy chan-
ges manifest and the use to which they are put are
given below :
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(¢) Burning of coal in air produces heat. That
is why it is used as a fuel.

C(s) + Oy ()—> CO, (g) + heat.

(if) Burning of natural gas (a mixture of lower
hydrocarbons) produces heat and light. Therefore,
it is also used as a fuel.

CH,(g) +20,(g)— CO, (g) + 2H,0()

Methane + heat + light
2GHg (8) +7 O,(g) —4CO,(g) + 6H,0())

Ethane +heat + light

(ii]) Combustion of petrol (CigHy,) in an
automobile engine produces heat and mechanical
work. It is, therefore, used as a fuel for automobile
engines,

2 CioHy () + 31 04(8) —— 20 CO, (g)

+ 22 H,0(g)

(iv) Slow combustion of carbohydrates in
biological systems produces heat which maintains
the body temperature.

CeH304(s) +6 Ox(g) —> 6 CO,; (&) +6 HO ()
Glucose + heat

(v) Bumning of candle in air produces heat and
light. It is, therefore, used as a source of light,
Taking wax as C,sH,,, we have

Cis Hy, (5) + 23 O, (g) — 15CO, (g)
+ 16 H,0 ()

(vi) Reaction taking place in a galvanic cell
produces electrical energy which may be used to run
an electrical motor or to ring a bell, etc.

Zn (s) + Cu** (ag)—— Zn?* (ag) + Cu(s)

The branch of chemistry which deals with the study
of energy changes accompanying chemical reac.
tions is called chemical energetics.

Modes of transference of energy between the
system and the surroundings. The two most com-
mon forms of energy transferred between the SY5-
tem and the surroundings are :

(i) Heat which is due to the difference of
temperature between the system and the surround-
ings and flows from higher temperature to lower
temperature.

(if) Work which is due to the difference of
pressure between the system and the surroundings,
If pressure inside the system is higher, work is said
to be done by the system and if pressure of the

surroundings is higher, the work is said to be done
on the system.

5.11. Exothermic and Endothermic Reactions s

Exothermic Reaction. These are those reactions
which are accompanied by the evolitsion of heat.

The quantity of heat produced is shown
alongwith the products with a ‘plus’ sign. A few
examples of exothermic reactions are given below :

C(s) + Oy(g)—— CO, (g) + 393-5kI
H, &) + %Oz (g) —— H,0 (1) + 285-8kJ
Ny(g) + 3H,(g) —— 2NH,(g) + 92-4 kJ
CH, (@) + 20, (g) — CO, (g)

+ 2H,0(g) + 890-4 k)

13
CiHyp (9) + 7 0, ) —

4CO, (g) + 5SH, O (g) + 2658 kI

Endothermic Reactions. = Those reactions in
which heat is absorbed are called endothermic

Although the heat absorbed can be written
with a plus sign alongwith with reactants, however,
it is usually shown alongwith the products with a
minus sign. A few examples of endothermic reac-
tions are given below : —

N, () + O, (§) — 2NO (g) — 180-7 kI
C(s) + H;0(g)— CO () + H, (g) — 131-4 kJ
C(s) + 28(s)—— CS,(g) — 92-0kJ
Hy(g) + Lie)—— 2HI(g) — 52-5kJ
2 HgO(s) — 2Hg (1) + O,(g) ~ 181-6 kJ
Exothermic and Endothermic reactions in
terms of AH. The enthalpy change (AH) accom-
panying a reaction is given by
AH = Heat content of products
—~ Heat content of reactants
= Hp — Hy
A reaction is exothermic i.e., heat is given out
in a reaction if the total heat content of the reac-
tants is more than that of the products, ie.,
Hg = H,

But if it is so, then according to the above
equation AH will be negative. Hence
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AH is negative for exothermic reactions.

Thus the exothermic reactions given above
may be written in terms of AH as

C (5) + Ox(e)— CO, (),
AH = —393-5k] mol !
1
Hz(g) + 3 0, — HZO(Z),
AH = —285-8 kJ mol™!
AH = —92:4kJ mol™!
CH4(g) + 202(g)——> COz(g) + ZHZO(I),
AH = — 8904 kJ mol ™!
13
CsHyp(®) + ) 0,(g) — 4C0,(8) + 5H,0(g),

AH = —2658 kJ mol ™!

A reaction is endothermici.e. heat is absorbed
in a reaction if the total heat content of reactants 1S
less than that of the products,i.e., Hp < Hp

Then, according to the equation
AH = H, — Hg, AH will be positive. Hence
 AHis positii"e for endothermic r_‘é;ictionsi

Thus the endothermic reactions given earlier
may be written in terms of AH as

N,(g) +0,(g)— 2NO(g),

AH = +180-7 kJ mol™!
C(s) + H,00)— CO () + Hy(e),

AH = +131-4kJ mol™!

Cls) + 25(s) — CS,(),
AH = +92:0kJ mol™

H,(g) +L,(g) — 2HI(g),
AH = +52-5kJ mol™!

2HgO(s) — 2Hg(®) + 0,(8),

AH = +181-6kJ mol™!

Graphically, the exothermic and endother-
mic reactions may be represented as shown in
Fig. 5.11.

REACTANTS
A
]
T i
e ; A l—:=HP—HR
& ! (NEGATIVE)
<
T I
5 Y
w PRODUCTS

PROGREES OF REACTION

PRODUCTS

A

I
E- I

0o A I-==HF,—HR

a (POSITIVE)
) I
<
T I
= Y
w | REACTANTS

PROGREES OF REACTION

FIGURE 5.11. (a) Exothermic rection
(b) Endothermic reaciton.

5.12. Thermochemical Equation

When a balanced chemical equation not only indi-
cates the quantities of the differens reactants and
products but also indicates the amount of heat
evolved or absorbed (as in the above reactions), it
is called a thermochemical equation.

However, contrary to the usual practice about
the balanced equations, fractional coctlicients may
be used in writing a thermochemical equation. For
example, the formation of water is written as

Hyg) + 5 Oye)— H,00)
+ 285-8 kJ mol ™!
or Hy(g) + 30y — H00),

AH = —285-8kJ mol ™!

Thus 285-8 kJ of heat is produced when 1

mole of hydrogen reacts with 05 mole of oxygen.

If the quantities of reactants are doubled, the heat

produced will also be doubled. For example, in the
above case, we may write
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2H,{(g) + O,(g) — 2H,0()
+ 3716 kJ mol ™!
or 2H,(g) + O,(g)—— 2H,0 (1),
AH = —371-6 k] mol™!

Some Conventions about
Thermochemical Equations

{(f) For exothermic reactions, AH is negative
whereas for endothermic reactions, AH is posi-
tive,

(i} Unless otherwise mentioned, AH values are
for the standard state of the substances (i.e. 298
K and 1 bar pressure).

(i) The coefficients of different substances rep-
resent the number of moles reacted and formed
for the heat change represented in the equation.

(iv) The physical state (5, , getc.) of the different
substances must be mentioned as the heat
evolved or absorbed depends upon the physical
state (as discussed in the next section).

(v If the coefficients of the susbtances are mul-
tiplied or divided by some number, the value of
AH is multiplied or divided by the same number.

(vi} If the reaction is reversed, the sign of AH
changes but the magnitude remains the same.

5.13. Heat of Reaction or Enthapy of Reaction

The amount of heat evolved or ubsorbed in a
chemical reaction when the number of moles of
the reactants as represented by the chemical
equation have completely reacted, is called the
heat of reaction.

Let us consider the following two examples :
Cls) + 0, (8) — €O, (g),
AH = — 3935 k} mol~!
C@) + HO g ——CO(g) + H, (g),

AH = +131-4 kI mo]™!

The first equation indicates that when 1 mole
of solid carbon (i.e. 12 g) combines completely with
1 mole of oxygen gas (i.e. 32 £), 393-5kJ of heat of
produced. Similarly, the second equation tells that
when 1 mole of solid carbon (i-e. 12 g) reacts com-

pletely with 1 mole of steam (.. 18 g) 131-4 kJ of
heat is absorbed.

It is interesting to note that

Heat of reaction, AH = Heat content of
products — Heat content of reactants.

If the reaction is reversed, the sign of AH
changese.g.,

For H,(g) + %02 (g) — H,0 (),
AH = — 285.8 k] mol~!
1
For H,0() — H, () + B 0, (g),

AH = +285:8 kIl mol™!

Factors on which the heat of reaction
depends. The heat of a reaction depends upon a
number of factors as explained below :

(i) Quantities of the reactants involved. If the
quantities of the reactants are doubled, the heat of
reaction is also doubled. An example of this has
alrcady been given in section 5.12.

(ii) Physical state of the reactants and
products. Since latent heat is involved in the change
of state, therefore the physical state of the reactants
and products (i.e, whether they are solids, liquids
or gaseous) affects the heat of reaction. For ex-
ample, when hydrogen and oxygen gases combine
to form liquid water, the heat of reaction is different
than when they combine to form water in the
gaseous state fe.,

1
H, g+ 3 0, (g)— H,0 (),
AH= —2858 k] mol™!
1
H; (& +§Oz )—> H,0 (g),

AH=--2488 k] mol !
Hence 1t is essential to write the symbols s, /,
g or aq. to indicate whether a particular substance
is solid, liquid, gaseous or an aqueous solution.
(iii) Allotropic modifications. For clements
like sulphur and carbon which exist in different
allotropic modifications, the heat of reaction is
different if different allotropic form is involved in
the reaction. For example,
C (diamond) + O, (g) —— CO, (g),
AH = —3954 k] mol™'
C (graphite) + O, (g —— €O, (g),
AH = -393.5k] mol™!
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(iv) Concentration of solutions. Heat
change occurs when a solute is dissolyed in a
solvent to form a solution or when a solution is
diluted. Therefore, if the solutions are involved
in a reaction, their concentrations affect the heat
of reaction.

() Temperature. The heat of reaction
depends upon the temperature at which the reac-
tants and products are taken. The values are usually
reported at 298 K.

(vi) Conditions of constant pressure or con-
stant volume i.e. whether the reaction takes place
at constant pressure ot at constant volume.

Standard enthalpy change. A substance in its
most stable form at 25°C or 298 K under a pressure
of one bar is said to be in its standard state.

The enthalpy change of a reaction when all the
reactants and the products are in their standard
states i.e. at 25° C or 298 K and under a pressure of
one bar is known as the standard enthalpy change.
It is usually represented by AH®, or AHZS.

Origin of enthalpy change in a reaction. I
has already been stated in the beginning of sec 5.10
that energy is required to break the bonds present
between the atoms in a molecule while energy is
released when bonds are formed between the
atoms. Now as a chemical reaction involves break-
ing of bonds of the reactants and the formation of
new bonds in the products, some net energy change
(called the enthalpy of reaction) takes place. The
simplest case is that of gascous reactions. In case of
solutions, there are interactions of the solvent with
the reactants and the products and that makes the
situation complicated, Thus for a gaseous reaction,
we have

Enthalpy change of a reaction

Energy required to Energy released in the
= | break the bonds of | — |formation of bonds in
the reactants the products

If energy required > energy released, the net
result is the absorption of energy and the reaction
is endothermic.

If energy released > energy required, the net
result is the release of energy and the reaction is
exothermic.

The above point of view is further explained
with solved examples in section 5.18.

5.14. Different Types of Heats/Enthalpies
of Reaction or Phase Changes ;

‘Heat of reaction’ or ‘Enthalpy of reaction’ is
a general term used for the heat change (enthalpy
change) accompanying any reaction. However,
depending upon the nature of the reaction (ie.
combustion, neutralization etc.), the enthalpy of
reaction is named accordingly (i.e. enthalpy of com-
bustion, enthalpy of neutralization etc). Similarly,
depending upon the type of process involving a
phase change such as fusion, vaporisation, sublima-
tion etc., the enthalpy change involved 15 named
accordingly (i.e., enthalpy of fusion, enthalpy of
vaporisation ete.). A few important heats of reac-
tions arc as folows :

1. Enthalpy of combustion,
The enthalpy of combustion of a substunce is
defined us the heat change (uwsually the heat
evolved) when 1 mole of substance is completely
burnt or oxidized in oxygen.

cg. CH, (g) +20,() —
CO, (g) + 2H,0 (g),

AH = —890.4 k] mol™!

This reaction shows that 890.4 kJ of heat is
produced when 1 mole of methane is completely
burnt. Hence enthalpy of combustion of methanc is
890.4 kJ mol .

The significance of the words ‘completely
axidized’ must be clearly understood. For example,
carbon may be oxidized to carbon monoxide (CO)
or carbon dioxide (CO,). The heats evolved in the

two cases are different, viz.,
C () +20, ®@—>COG),

AH= —110.5%J mol™!
C (s) + O, () ~— CO; (),

AH = —393.5kJ mol™!
Complete oxidation means oxidation to CO,

and not to CO. Hence heat of combustion of carbon
i5393.5 kJ mol ™.

Standard heat of combustion is the amount of
heat evolved when one mole of the substance under
standard conditions (298 K, 1 bar pressure) is
completely burnt to form the products also under
standard conditions. It is represented by AH" .
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Note carelully that it is not the combustion that is
taking place at 298 K, which, in Jact, cannet hap-
pen. It ix the total heal change thut oceurs when the
initial reactants and final products are af 298 K
irrespective of the fuct that during combustion,
temperature is Bigher than 298 K.

Calorific values of foods and fuels. Just as the
fuels like coul, kerosene oil, gasoline (petrol),
dicsel oil etc. are burnt to produce energy for the
running of machines, similarly for the working of
the buman machine, we eat carbohydrates, futs ete.
in the form of food. The carbohydrates are first
decomposed in our body by the enzymes to form
glucose which then undergoes oxidation by the
oxygen that we inhale to produce Energy.

CeH1,04 (5) + 60, (g) ——

6C0, (g) + 6H,0 () + 2840 kJ mol ™!

This oxidaiion reaction is usually called ‘com-
bustion of food’,

Difterent fucis and foods produce different
amaunts ol heat on combustion. These are usually
expressed in terms of their calorilic values which is
defined as lollows - —

The calorific value of a fuel or food is the amount
of heat in calories or joules produced from the
complete combustion af one gram of the fuel or the
Jood. :

Thus according to the above reaction. 1 mole

of glucose ie. 180 g of glucose produce
heat =2840 kl. Hence calorific value of glucose
_ 2840 . ey

=380 = 15-7T8 kI g

A normal person needs about 3000 keal (ie.
about 12000 — 13000 kJ) per day. The food consist-
ing of carbohydrates, oils, fats, vitamins, proteins,
mineral salts etc. which provides the necessary
calories is called a balanced diet.

2. Enthalpy of formation.

The enthalpy of formation of a substance is defined
as the heat change ie. heat evolved or absorbed
when 1 mole of the substance is formed from its
elements under piven conditions o if temperature and
pressure. It is usually represented by AH,

The conditions of temperature and pressure
usually chosen are 298 K and 1 bar pressure, This
is called standard state. The enthalpy of forma-

tion under these conditions is called standard
enthalpy of formation.

Standard enthalpy of formation of « substance
is defined as the heat change accompanying the for-
mation of 1 mole of the subtance in the standard state
from its elements, also taken in the standard state fi.e.
298K and I bar pressure). It is usually represented
by AH

For example, in the reaction

C(s) + O, (§)— CO, (g),

AH®, = -393.5kJ mol~!

when 1 mole of CO, (g) is formed from its elements
viz C (5) and O, (g) (all substances being taken in
the standurd state), 393.5 kJ of heat is produced.
Hence standard enthalpy of formation of gaseous
CO, is 393.5 kJ mol ™},

Similarly, in the reaction
H, (&) + 0, (9) —— 2H,0 (),

AH®% = —571.6 kJ mol~!

we observe that 571.6 kJ of heal is evolved
when 2 moles of H,O (7) are formed from the ele-

ments, all substances being taken in the standard
state. Thus the heat evolved when 1 mole of liquid
water is formed from its elements, would be 571.6/2
= 2858 kJ. Hence standard enthalpy of formation
of liquid water is 285.8 kJ mol ™!

In many cases, however, the heat of formation
cannot be determined directly. Methane (CH 4), for

example, cannot be made directly from carbon and
hydrogen. In such cases, the heat of f ormation is
calculated from some other heats of reaction, using
Hess's law, as will be discussed later in section 5.17.
Importance of standard enthalpies of forma-
tion. Knowing the standard enthaplies of formation
of the different compounds involved in a chemical
reaction, the standard enthaply change of the given
reaction can be calculated using the formula®
AH®. . = |Sum of the standard emha]pms
Y e of formation of products
_ | Sum of the standard enthalpies
of formation of reactants
Le AR ion = £ AH’¢ (Products)
~ % AR’ (Reactants)

Sum of enthalpies ]

*Actvally, AHrepction = [ﬂrf'F?l‘tﬂl.ll."[:’- 1

=

Sum of cnthal_pics
of reactants

But if enthalpies of the elements arc taken as zevo, then enthalpy of any compound = jis enthalpy of formation.
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Thus for a general reaction
aA+ bpB—— ¢cC+dD
AW aetion = [€AH(C) + d AH’((D)]
— la AH° (A) + b AH(B)]

REMEMBER

For elementary substances in the standard state, |
the standard enthalpy of formation (AH,") is taken

as zero. The standard state of an elementary
substance means the most stable form of that sub-
stance at 298 K and one atmospheric pressure. It
refers to the normal physical state in which it exists
under these conditions and in case of clements
showing allotropy, it refers to the most stable al-
lotropic form. For example, the standard states of
oxygen, bromine and iodine are O, (g), Bry (/) and
I, (v) whereas standard states for carbon and sul-
phur are C (graphite) and Sq (rhombic).

For example, supbosc we want to predict the
enthalpy of combustion of methane. The reaction
IS

CH, (g) + 20, (§)—> CO; (g) +2H,0 ()

AI-Iol't:i.n:tu‘:n
= [AH for CO, + 2 X A Hepfor HyO)
— AR or CH, + 2 x A H® for Q)

Putting the values of enthalpies of formation
in the standard state
ARIS Spien=s [ = 303 St 2 % (—285-8)]
—[-74-9+0]
= ~965-1+ 74-9= —890-2kJ
[+ AH°forany element like O, = 0]
3, Enthalpy of Neutralization.

mmqrmﬁmqrm acid by a base
is defined as the heat change (usually the heat
evolved) when one gram equivalent of the weid is
neutralized by a base, the reaction being carried out
in dilute aqueons solution.

The enthalpy of neutralization of a base by an
acid is defined in a similar manner.

For example, when one gram equivalent of
HCl is neutralized by NuaOH or one gram
equivalent of NaOH is neutralized by HCI, both
solutions being dilute and aqu=ous, 57.1kJ of heat
is produced. Thus we may write

NaQH + HCl —— NaCl + H,0,

AH = —57.1kJ mol™!

Hence enthalpy of neutralization of HCl with
NaOH or NaOH with HCl is 57.1 kJ.

The enthalpy of neutralization of any strong
acid (HCL, HNO,, H,S0,) with a strong base
(LiOH, NaOH, KOH) or vice versa, is always the
came i.e. 57.1 kJ. This is because the strong acids,
strong bases and the salts that they form, are all
completely ionized in dilute aqueous solution, Thus
the reaction between any strong acid and strong
base e.g. in the above case may be written as
Nat 'y OHES HY 4+ 0 ——

Nat + CI~ + H,0,AH = —57.1Kk] mol ™!

or H' (ag) + OH™ (aq) — H,0 (),

AH = —57.1kJ mol™!

Thus neutrulization is simply a reaction between
the H* ions given by the acid with the OH™ ions given
by the base to form ene mole of H,0*.

Since strong acids and strong bases ionize com-
pletely in dilute aqueous solution, the number of HY
jons and OH ™ ions produced by unc gram equivalent
of the strong acid and the strong base is always the same.
Hence the enthalpy of neutralization between a strong
acid and a strong base is always constanl.

In case either the acid or the base or both are
weak, the enthalpy of neutralization is usually less
than 57.1 kJ. The reason for this may be understood
by considering the neutralization of a weak acid like
acelic acid with a strong base like NaOH., Acetic
acid ionizes to a small extent whereas NaOH
ionizes completely as

() CH,COOH == CH,COO~+H*

(i) NaOH ——> Na* + OH~

When H* ions given by the acid combine with
the OH ~ ions given by the base, the equilibrium (i)
shifts to the right i.e., more of acetic acid dis-
sociates. A part of the heat produced during the
combination of HY ions and OH™ ions is used up
for the complete dissociation of acetic acid. The
heat thus used up is called enthalpy of dissociation
or enthalpy of ionization. It is 1.9 kJ for the acetic
acid. Hence the net heat evolved in the above reac-
tion is 57.1—1.9 = 55.2 k.

Similarly, in the neutralization of NH,OH

with HCI, 5.6 kJ of heat is used up for the dissocia-
tion of the weak base ie. NH,OH. Hence the

enthalpy of neutralization in this case is only
571 — 56 = 515k

*The units are kJ mol = | pecause it is for the formation of 1 mole of H,O for the neutralisation of acid with base.
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Note. The heat of neutralisation is taken for 1
gram equivalent of the acid and base. This is
because ncutralisation involves combination of 1
mol of H' jons with 1 mol of OH™ ions (as
explained above) to form one mol of H,0. One
gram equivalent of any acid on complete dis-
sociation gives 1 mol of H jons. But 1 mol of an
acid on dissociation may not give 1 mol of H*
ions e.g. 1 mol H,80, gives 2 moles of H* jons

on complete dissociation. However one gram
cquivalent of H,SO, (= 0-5 mol) gives 1 mol of

H* ions.
4. Enthaipy of Solutien.

The enthalpy of solution of a substance in a par-
ticular solvent is defined as the enthalpy change (i.e.
amount of heat evolved or absorbed) when | mole
of the substance is dissolved in such a lurge volume
of the solvent that further addition of the solvent
does not produce any more heat change.

Water is usually used as the solvent and the
symbol aq (aqueous) is used to represent it at large
dilutions (infinite dilutions). Thus the ther-
mochemical equations for the dissolution of KCJ
and CuSO, may be represented as

KCl (s} + ag — KCl (ag),
AH = 4186k} mal~!
CuSO, () + uq —=>CuS0y, (uq),
AH = —66.5 kJ mol~!

Thus the first case is endothermic and enthai-
py of solution = + 186 kJ mol™!

The second case is exothermic and enthalpy
of solution = — 66-5 kJ mol ™!

It is interesting to note that the salts like cop-

per sulphate, calcium chloride ete., when present
in the hydrated state (ie CuS0,.5H,0,

CaCly.6H,0 ctc.) dissolve with the absorption of

heat. For example,
CuSO,5H,0 + aq —— CuSO, (ay),
AH = 4 11.7kJ

Thus it can be generalized that the process of
dissolution is usually endothermic for

(1) salts which do not form hydrates like NaCl,
KCI, KNO, ctc,

(i) hydrated salts like CuS0,.5H,0,
Call, . 6H,0 etc.

5. Enthalpy of Hydration.

The amount of enthalpy change (ie. the heat
evolved or absorbed) when one mole of the an-

hydrous salt combines with the required number of
moles of water 5o as to change into the hydrated salt,
is called the enthalpy of hydration or heat of hydra-

tion. :
For example, the heat of hydration of copper
sulphate is —~78-2 kI moi™". This may be repre-
sented as
CuSO, (s) + 5SH,0 —— CuS0,.5H,0 (5),

AH = — 78-2 k] mol™!
IMPORTANT

It is interesting to note that the magnitude of
enthalpy change represented alongwith the
balanced equation is for the number of moles of
different reactants reacted and the number of
moles of different products formed, yet the units
OFAHE 00 are always written as k¥ mol . This
is because if an equation is multiplied by a num-
ber, the units do not change. For example,

1
H, (2) + 5 0, (9)— H,0 (),

AH® = — 285-8 k) mol ™!
The units of AH? are ki mol™*. If we mutiply this
equation by 2, we get i
ZH, () + 0, (9) — 2H,0 (),

AH® = — 5716 kI mol !
The units of AH® arc again kJ mol™!,

5.15. Measuremenrt of Enthalpy of Reactions =i

5.15.1. Measurement of enthal py of com-
bustion at constant volume (g, or AE). The heat of

combustion at constant volume i.e. internal energy
change is measured experimentally using an ap-
paratus called Bomb calorimeter, as shown in Fig.
312,

It consists of a strong vessel (called ‘bomb’)
which can stand high pressures. It is surrounded by
a bigger vessel which contains water and is insu.
lated. A thermometer and a stirrer are suspended
in it. The procedure consists of the following two
sleps :

(£) Combustion of known mass of @ compound
whose heat of combustion is known. A known mass
of the compound is taken in the platinum cup.
Oxygen under high pressure is introduced into the
bomb. A current is passed through the filament
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— H=E + PV
: .. AH = AE + PAV + VAP
OXYGEN = At constant pressure, AP = (.
INLET FIRING THERMOMETER  Hence

|' '} AH = AE + PAV

STIRRER
At constant volume, AV = 0.
e - Hence AH = AE + VAP.
% 5.152. Measurement of Heat of
. - OUTER nentralisation. The heat of neutralisa-
e 4 INSULATED  tion of an acid with a basc or vice versa
2 | Sl | can be determined using a simple
2] | Saal | ; calorimeter consisting of a polythene
7 | S | i R bottle* fitted with a cork having two
E8 | S | E > holes, one lor the thermometer and the
SlE===3F i 5 other for the stirrer, as shown in Fig.
& m— ; _-“(gTEEBf’\D“EBSSEL) 5.13. Taking the example of neutralisa-
Fie § TeemiS e . tion of HCl with NaOH, the method
o | PLATINUM i ing steps
£z s s L COI‘ISISFS of the following steps
L | e e e St ;] (1) A known volume of HCI of
| e . W . P - known concentration (say 100 cm?® of
g T ey T B T, e Y iy ;l\ 0-5 N) is taken in one beaker and an
WATER

FIGURE 5.12. Bomb calerimeter.

immersed in the compound. Combustion of the
compound takes place. The increasc in the
temperature of water is noted. From this the heat
capacity of the apparatus (i.e. heat absorbed per
degree rise of temperature) can be calculated.

(i) Combustion of known mass of the ex-
perimental compound. The experiment is repeated
as in step ()

In the above case, as the reaction is carried out
in a closed vessel, therefore heat evolved is the heat
of combustion at constant volume and hence is
equal to the internal energy change.

The value of AE can be calculated using the
formula

AE=Q><1M><M
m

where Q = heat capacity of the calorimeter
At = rise in temperature
m = mass of the substance taken
and M =molecular mass of the substance

Notee. AH=AE+PAV. In a bomb
calorimeter, AV =0 Hence wg should have
AH = AE. However, this is not trie because the
relation AH = AE + PAV holds good only at con-
stant pressure. This may be seen as follows :

equal volume of NaOH of the same
concentration (i.c. 100 cm® 0of 0-5 N) is
taken in another beaker.

THERMOMETER
STIRRER

[ — POLYTHEME
BOTTLE

FIGURE 5.13. Measurement of heat
of neutralisation.

(i) Both the beakers are kept in water bath till
the solutions attain the same Lemperature.

(iii) HCI solution kept in the first beaker is
transferred into the polythene bottle. Immediately
NaOH solution kept in the second beaker is added
into the polvthene bottle. Stirring is done Lo mix
HCl and NaOH. The highest temperature attained
is noted.

*Instead of polythene battle, a foamed polystyrene cupwith a coveris also sometimes used. It is calicd colfee-cup calorimeter.
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Calculations. Assuming that the density of the
solution is same as that of water (i.c. 1g/cm?) and
the specific heat of the solution is nearly equal to
that of water (ic. 4-184 JK! g
= 4-2JK~' g7") and neglecting the heat capacity
of the polythene bottle, the result is calculated as
follows —

Suppose the initial temperature of the acid
and the base = r°,C

Final tempearature of the solution after
mixing = ¢°,C
Rise in temperature = (¢, — ¢,)°C
Total mass of the solution = 100 + 100 =200 g
. Heat produced = Mass X Specific heat
X Rise in temp.
= 200 X 4-184 x (t, — iy} = xJ (say).
This is the heat produced by neutralisation of
100 cc of 0-5 N HCI.

-~ Heat produced by neutralisation of 1000 cc
of 1 N HC1 (containing one gram equivalent of
HCI)

® EXAMPLE 1. A 1-:250 g sample of octane
(Cgflyg) is bumed in excess of oxygen in a bomb
calorimeter. The temperature of the calorimeter rises
from 294-05 K to 300-78 K. If heat capacity of the
calorimeter is 893 kI/K, find the heat transferred to
the calorimeter. Also calculte the enthalpy combus-
tion of the sample of octane. (N.C.E.R.T.)
Solution. Rise in temperature
© =300-78-294-05K = 6 73K
Heat transferred to the calorimeter = Heat
capacity of the calorimeter X Rise in temp.
=(89BKK)(6-73K) = 60-1kJ
Molar mass of CgH,, = 8 % 12 + 18
= 114 g mol ™!
Enthalpy of combustion
_60-1
T 125
= 54811 kJ mol !
* EXAMPLE 2. Calculate the amount of heat
evalved when

(i) 500cm? of 0.1 M hydrochioric acid is mixed
with 200 cm’ of 0-2 M sodium hydroxide soiution

% 114 kJ mol ™!

X 1
= 100 X 1000 % 05 Jjoules

5.15.3. Measurement of heat of reaction at "
constant pressure (g, or AH). For any reaction oc-
curring in solution, the heat change accompanying
the reaction at constant pressure, q, (generally
under atmospheric pressure) ie the enthalpy
change (AH) can be measured by using the
calorimeter shown in Fig. 5.13, The reaction is
allowed to take place in the polythenc bottle. If the
reaction is exothermic, temperature will rise and if
reaction is endothermie, temperature will fall. The
result is calculated as above. For exothermic reac-
tions, AH is negative whereas for endothermic
reactions. AH is positive, as already explained.

Alternatively, for the measurement of g, or

AH, the reaction may be carricd out in a vessel with
conducting walls, This vessel may be placed in an
insulated outer vessel containing water and filled
with a stirrer and a thermometer. The rise or fall in
temperature may be recorded and the result
calculated.

N CALCULATION OF ENTHALPY OF COMBUSTION
AND ENTHALPY OF NEUTRALISATION

------ s e e

(ii) 200 cm® of 0-2M sulphuric acid is mixed
with 400 cri® of 0.5 M potassium hydroxide solution.
Assuming that the specific heat of water is
4 18JK g ana ignoring the heat absorbed by the
container, thermometer, stirrer etc., what would be the
rise is temperature in each of the above cases ?
Solution. () 500 cm? of 0-1 M HCI
l()lel[) X 500 mole of HCI
0-05 mole of HCI
= (-05 mole of H* ions
200 cm® of -2 M NaOH
= % X 200 mole of NaOH
0-04 mole of NaOH
=0-04 mole of OH~ ions
Thus 0-04 mole of H* ions will combine with
0-04 mole of OH™ ions to form 0-04 mole of
H,0 and 0-01 mole of H* ions will remain un-

reacted. Heat evolved when 1 mole of HY ions
combine with 1 mole of OH™ ions = 57.1 kJ.
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~. Heat evolved when 0-04 mole of H' ions
combine with 004 mole of OH™ ions
=571x0-04= 2284KkJ
(i) 200 cm® of 0-2 M H;50),
= —1% % 200 mole of H,50,
= 0-04 mole of H,S0,

= (-08 mole of H' ions
400 cm? of -5 M KOH
= —1%0% % 400 mole of KOH
= (-2 mole of KOH
= (-2 mole of OH™ tons
Thus 0-08 mole of H* ions will ncutralize
0-08 mole of OH™ ions. (out of 0-2 mole of OH™
jons) to form 0- 08 mole of H,0.

PROBLEMS FOR PRACTICE

1. 0-562 g of a sample of graphite was taken in a bomb
calorimeter in presence of excess of oygen at 298
K and 1 atm pressure. When it was completely
burnt, the temperature rose to 298-89 K. If the
heat capacity of the calorimeter and its contents =

20-7 kI X1, calculate the standard enthalpy of
combustion of graphite. I‘\n"‘" —393.4 k] mol']]

Hence heat evolved =57-1 x U-08

= 4-568 kl
In case (i), heat produced = 2284 kJ
= 2284]

Total mass of the solution =500+ 200 =700 ¢
Specific heat = 4-181] B et
O=mxs XA

mxXy
2284 1
T T
In case (i), heat produced = 4-568 kJ
= 4568 ]
Total mass of the solution = 200 + 400
= 600g
L) 456858 4 ol

_m><5= 600 x 4-18

2. 20-0 g of ammonium nitrate (NHNO3) is dis-
solved in 125 g of water in a coffee-cup calorimeter,
the temperature falls from 296-5 K 10 2864 K.
Find the value of g for the calorimeter. (Hint. Treat
heat capacity of water as the heal capacity of the
ealorimeter and its content).

(NCERT) [Ans. —5-28 K]

st

HINTS FORDIFFICULT PROBLEMS

TP TP e e e

¥ " by

g B S i

(207 KIK”) % (0-89K)
0-562¢
%X 12 g mol

1. BH opboation ™
1

=-393-4kImol” .

e SRS i
B R IS L e D Ry

2. As hecat capacity of water = heal capacity of
calorimeter, the heat gained by water = heat Jost
by the calorimeter

=125 % (2965 — 286-4) X 4184
=52-821=5-282k).

e et i e SN s S S e
A e e A L R i S s R

5.16. Enthalpy Changes
During Phase T_ransitir_ms SRR

1. Heat of Fusion.

Heat of fusion is the heat change accompanying the
of one mole of a solid substance into
its liquid state at its melting point.
For example, the heat of fusion (AHg,} of icc
(m.p. =273 K) is 6-0 kJ mol™". It may be repre-
sented as :

H,0 () —— Hy0 (1), AH = + 60kl mol ™!
Ire Water

2. Heat of Vaporisation.

It is the hea! change accompanying the conversion
of one mole of a liquid into ils gaseous stale at is
boiling poini.

For example, the heat of vaporisation
(AH, ) ol water into its gascous state (steam) at
the boiling poiat of water (373 K) is 40.7 kJ. Tt may
be represented as
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H,0 (/) —— H,0 (g), AH= +40-7kJ mol ™!
Water Steam
3. Heat of Sublimation. :
Sublimation is a process in which a solid on
heating changes directly into gaseous state below
its melting point.

Heat of sublimation of a substance is the heat
change accompanying the conversion of I mole of a
solid directly into vapour phase at a given tempera-
ture below its melting point.

For example, the heat cf sublimation of iodine
is 62-39 kJ mol ~L.

L(s)— L(g), AH = +62-39kJ mol™!

Most solids that sublime readily are molecular
solids, e.g., iodine, naphthalene etc.

It may be pointed out that sublimation is noth-
ing but fusion and vaporisation carried out in one
step, i.e.,

AHgimation =AHfysion + A}'lwlpcrrisatiorl

Otherwise also, this equation is true because
enthalpy is a state property.

The magnitude of enthalpy change for a phase
transition depends upon the strength of inter-
molecular forces e.g. AH, for H,0 is much larger
than that for acetone because the former has inter-
molecular hydrogen bonding,

IUPAC symbols used in representing dif-
ferent types of enthalpy changes. According to the
|latest TUPAC recommendations, the entualpy
change accompanying any physical change or a
chemical reaction is represented by putting symbol
for the type of change or reaction as subscript with
' the symbol A followed by H, e.g heat of combustion
by A, H, heat of formation by A, H, heat of reaction

\by A, H, heat of vaporisation by A, H (or A, H),
‘heat of fusion by Ay, A, heat of sublimation by
Ay, H, heat of neutralization by A,eu H ete. For

|the standard state conditions, superscript
used with H, i.e. we write,

_ AH® A_H®, AH © etc. However, more
'common way of representation is AH o AHete. or
|AH, AH etc.

& IS

5.17. Hess’s Law of Constant Heat Summation s

G.H. Hess, a Russian chemist, in 1840,
gave a law about the heats of reactions on the bass
of experimental observations. This law is known
after his name as Hess's law. It states as follows : —

The total amount of heat evolved or absorbed in a
reaction is the sume whether the reaction takes
Place in one siep or in a number of steps. In other
words, the total amount of heat change in a reac-
tion depends only upon the nature of the initial
reactants and the nature of the final products and
is independent of the path or the manner by which
this change is brought about.

Basis of Hess's Law. Hess’a law follows from
the fact that enthalpy is a state function i.e. enthalpy
change depends only on the initial state (i.e. enthal-
py of the reactants) and the final state (i.e. enthalpy
of the products) and does not depend upon the
path followed,

Examples. (1) When carbon (graphite) burns
to form carbon dioxide directly in one step, 393-5
kI mol™! of heat is produced i.e.

C(s)+ Oy(g) — CO, (g), AH==393-5 kJ mol

If carbon burns to form carbon monoxide first
which then burns to form carbon dioxide, the heats
evolved in the two steps are as follows : —

. 1
@O Cn+ 502 (@) ~— CO(p),
AH=—110-5kJ mol~!

(i) CO@)+3 0, () —>CO, (),
AH=-283-0kJ mol™!

+ ng'g,i
AH=-=393.5kJ

C(s). > CO,(g)

Thus the total heat evolved in the two steps
will be AH = (= 1105) + (—283-0) = — 393.5
kI mol ™" which is the same when the reaction takes
place directly in one step.

(2) Sulphur (Rhombic) burns to form SO,
directly in one step as

S(R) +30, () — 50, 2,

AH=-395-4 kJ mol™!
Sulphur may change to 50; in two steps as
@S (R) + 0, (g)— S0, (g),
AH = = 297-5kJ mol !
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S(R)

(i1) SO, (8)+3 O3 (&) 503 @)

AH=-97-9 kI mol ™!
Total heat evolved in the two steps is
AH = _297-5 + (=97-9) = —395-4 kf mol™’
This is the same as for the direct reaction in
one step.
Theoretical Proof of Hess’s Law. Consider
the general reaction A—— D
Suppose the heat evolved in this reaction
directly 1s Q joules.
Now suppose the same reaction takes place in
three steps as follows : —
A——sB—>C——D
Suppose the heats evolved in these three steps
are gy . 4, , gy joules respectively.

Thus the total heat evolved = ¢, + ¢, + 43
= Q' joules (say)

9y g4
82

FIGURE 5.14. Theoretical Proof of Hess's Law.

According to Hess’s law, we must have Q = Q

If Hess's law were not correct, then either
Q<Qor Q>0

Suppose Q' > Q. This means that if we go
from A to D in a number of steps, the heat evolved
is more than the heat absorbed when we return
from D to A directly in one step. (Remember that
for the direct process A—= D, Q joules of heat
is evolved. So for the reverse process viz. D— A,
Q' joules of heat will be absorbed). Thus when the
cyclic process is completed, Q—Q' joules of heat
is produced. Thus by repeating the cyclic process

a number of times, a large amount of heat can be
created. This is, however, against the law of conser-
vation of energy. Hence Q must be equal to © e
Hess's law must be correct.

Applications of Hess's Law. The most impor-
tant application of Hess's law is in the calculation
of heat changes for those reactions for which ex-
perimental determintion is not possible. The cal-
culations are based upon the following
consequence of Hess’s law : —

The thermochemical equations can be treated as
algebraic equations which can be added, sub-
stracted, multiplied or divided.

A few important applications ol Hess's law
are given below : —

1. Calculation of enthalpy of formation. The
enthalpies of formation of many compoun ds cannotl
be determined experimentally. These are calcu-
lated by the application of Hess's law. The follow-
ing examples illustrate the method :—

X AMPLY 1. Calculate the enthalpy of forma-
tion of methane (CH ) from the following data -

(i) C)+ 0@ — CO; @),
AH = —393-7 kI mol™!
- i
(i) Hy (@) + 502 ) — H:0 ().
AH = —285-8 kS mol™!
(iii) CH, (8)+20, (§)—> CO, (g)+2H;0 ().
AH = — 8904 kJ mol ™!

Solution. We aim al
cCi+2H,@—— Cllg (s ST

Multiplying equation (if) with 2, adding to ()
and then subtracting equation (jii) from the sum .e.
operating (i) + 2 % (i) — (i), we get

C(s) + 2H, () - CH, (&) — 05
AH= — 393:-7+4 2(— 285-8)— (—890-9)
= — 74-9k} mol ™"
ot =20 (g —— CH, &) ;
AH = - 74-9 k) mol ™!
Hence heat of formation of methane is

AH, = ~ 74 9 k) mol !
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Calculate the enthalpy of forrma-
tion of carbon monoxide (CO) from the following
data :

(R o ) = o e 5
AH = = 393-3 klmol™!

(i) CO (§) + 3 0, @) — €O, ®);

AH = — 282-8 )k mol~!
Solution. We aim at

C (s) + %Oz(g) —— CO(g); AH=?
Subtracting equation (i) from (i), we get
CE) + 30, () = CO@ — O
AH =~ 393-3—(—282'8) = — 1105 kJ mol~!

or Cs)+ 20, — CO@ ;

AH = —110-5kJ.
Heat of formation of CO is
AH;= 110-5kJ mol ™!

2, Calculation of enthalpy of allotropic trans-
formation. Elements like carbon and sulphur exist
in different allotropic forms. The change of one
form to the other involves a very small amount of
heat and is a very slow process. Hence the ex-
perimental determination of heat changes for such
transformations is very difficult. These are calcu-
lated by the application of Hess’s law as illustrated
by the example given below : —

|- an1T01 k. Caleulate the enthalpy change ac-
companying the transformation of C (graphite} to
Co(diamond). Given that the enthalpies of combus-
tion of graphite and diamond are 393-5 and 395 -4
kI mol ™1 respectively.

Solution. We are given

() C{(graphite) + 0, (g) — CO, (g);
AH = —393-5kJ mol™!

(#1) C(diamond) + 0, (g)—— CO, (g);
AH = - 395-4kJ mol™!

We amm at

C(graphite) —— C(diamond), AH =?

Subtracting equation (if) from (f), we get

C(graphite} — C(diamond) — (;

AH = —393-5 — (= 3954)= + 1-9kJ
or  C(graphite)—— C(diamond) ;
AH= +1-9KkJ

3. Calculation of the enthalpy of hydration.
The experimental determination of the enthalpy of
hydration is almost impossible. However, it can be
casily calculated using Hess’s law as illustrated by
the following example :

v Wi Calculate the enthaipy of hydra-
tion of anhydrous copper sulphate (CuSOy) info

hydrated copper sulphate (CuSQO,. 5H,0). Given

that the enthalpies of solutions of anhydrous copper
sulphate and hydrated copper suilphate are — 66-5
and + 11-7 kJ mol~! respectively

Solution. We are given
() CuSO, (s} + ag—— CuSO, (aq);
AH = — 665 kJ mot™!
(if) CusSO, . 5H,0 (s) + agq—
CuSO, (aq); AH = + 11-7kJ mol™!
We aim at
CuS0, (s) + 5H,0 (}) —
CuS0, . SH,O (s); AH = ?
Equation (f) can be written in two steps as
(iii) CuSO, (s) + SH,O ({) —
Cu$0, . 5H,0 (s) ; AH = g, kI mol™!
(v) CuS80, .5H,0 (5) + ag ——
CuSO, (aq); AH = g, kJ mol™!
According to Hess'’s law g, +4,=—66-5 kJ mol ™"
Further, equations (i) and (iv) are same.
; g, = + 11-7kI mol™!

Putting this value above, we get

g; + 11:7= — 665 =
or gy = — 66:5— 11-7KkJ
= —78-2kJ mol™!

Thus equation (i) may be written as
CuSQ, (s) + SH,O0 ()H—

CuSQ,. 5H,0 (s); AH ~ 78-2kJ mol™!
This is what we aimed at. Hence the required

value of the enthalpy of hydration is AH
=-78-2kJ mol™,

*If may be noted that the heat change for the same reaction is sometimes slightly different in different problems as these
are the vatues reported by different workers and depend wpon the conditions of temperature etc.
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4. Predicting the enthalpy change for any
reaction. Hess’s law can be applied to predict the
enthalpy change for any reaction from the enthalpy

IS

changes of certain other reactions. The numerical
problems given below will iHlustrate the application
of Hess’s law.

[ 'SOME ADDITIONAL NUMERICAL PROBLEMS ON HESS'S LAW =

TYPLE I. On the calculation of heats of formation

¥ EXAMPLE 1. The enthalpy of combustion of
ethyl alcohol (C,H;0H) is 1380.7 kJ mol =1 If the
enthalpies of formation of CO, and H,0 are 394-5

and 286-6 kJ mol™1 respectively, calculate the en-
thalpy of formation of ethy! aicohol.

Solution. We are given :
(/) C;H,OH + 30, — 2CO, + 3H,0,
AH = — 1380-7kJ mol ™'
(i) C + 0,——>CO, , AH=-394-5kJ mol ™"

(i) H, + 3 0,— H,0, AH=—286-6 kI mol~’
We aim at
2C + 3H, + 30, — C,H;OH
Tn order to get this thermochemical equation,
multiply Eq. (i¥) by 2 and Eq. (if{) by 3 and substract

Eq. (i) from their sum, i.e. operating 2 X Eqn. (ii)
+ 3 x Eqyn (iif) —Equn (i), we get

2C +3H, + 50, —— C;H; OH;
AH= 2 {=394-5)+3 (=286 6)—(—1380.7)
= — 268:1kJ mol™!
Thus the heat of formation of ethyl alcohol is
AH, = —268-1kJmol™"

EXAMUPLE 2. Calculate the enthalpy of forma-
tion of methane, given that the enthalpies of combus-
tion of methane, graphite and hydrogen are 8902 kJ,
3934 kJ and 2857 kJ mol~ L respectively.

Solution, We are given :
({) CH, + 20,—— CO, + 2H,0,
AH = — 8902 kJ mol™!
(i) C + 0, —> CO,,
AH=-393-4kJ mol™!
(i) Hy+5 0, — H0,
AH=-285-7kJ mol™'
We aim at :
€ +2H;, ———u€H 5 =2

In order to get this thermochemical equation,
multiply Eq. (iii) by 2 and add it to Eq. (i) and then
subtract Eq. (i) from their sum. We get

eI ve— CH,,
AH= —393-4 +2 (—285-7)—(—890-2) k] mol ™!
= — 74-6 kxJ mol™!

Hence the heat of formation of methane is

AH, = —74-6 k] mol !

EXANMPLE 3. Calculate the heat of formation
of KCl from the following data :

(i) KOH (ag) + HCl {(ag)—
KCI (aq) + H,0 (), AH =~ 57-3kI mol™!

(1) Hy () +30,®)— H0 0,
AH = — 2862 kJ mol™}
(i) 3 H, (g + 5 Cly (g) + aq——>
HCl (ag), AH = ~ 164-4 k) mol™!
(i) K() + 30, (&) + SHA0) + aq

KOH(aq), AH = —487-4kImol™!
(v) KCl(s) + ag —— KCl (aq),
AH = + I8-4kJ mol™!

Solution. We aim at
K (5)+ 2 Cly () —KCl (), AH=7..0)

In order to get this thermochemical equation,
we follow the following two steps :

Step 1. Adding Eqns. (i) and (v} and sub-
tracting Eq. (v), we have
1% 1
K()+3CLE) +Hy @) +50, ) —

KCl (s)+HCl (ag) + KOH (agq) — KCI (ag)
AH= — 487-4 + (— 164-4) — (18-4)
= — 670-2kJ mol~! (Vi)
Step 2. To cancel out the terms of this equation
which do not appear in the required equation (vi),
add Eq. (§) to Eq. (vi{) and subtract Eq. (ii) from
their sum. This gives

K (5) + 3 Cl (@) — KCL();

AH=—670-2 +57-3~(—286"2)
=—441-3 kJ mol !
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1

2

5

PROBLEMS FOR PR

. lithylene on combustion gives carbon dioxide and
water. Its enthalpy of combustion is 1410.0 ki/mol.
If the enthalpy of formation of CO, and H,O are

393.3 kI and 286.2 kI respectively. Calculate the
cnthalpy of formation of ethylene.

[Ans. +51.0 k] mol 1]

Calculate the enthalpy of formation of carbon
disulphide given that the enthalpy of combustion of

carbon disulphide is 110.2 kJ mol~' and those of
sulphur and carbon are 297.4 kJ and 394.5 \J/g

aton respectively. [ Ans.— 879.1 kI mol 1]

+

- Calculate the enthalpy of formation of acetic acid
[ram the following data :

(1) C(5) + 05 () — CO, (), AH = —393,7 k]
(i} M, + % 0, — H,0®,
AH = —285.48 kJ
(iif) CH;COOH (/) + 20, (g) —
200, @) +2H,0(h, AH = —873.2kJ
[ i — 4858 k] mol ™1}

. Calculate the enthalpy of formation of sucrose
{C 51155 Ofy) [rom the lollowing data -—

(i) Cyp Hyp Oy + 120; — 12C0O, + 11H,0,
AN = --5200.7 kJ mol ™
(1) C+ Oy —— €O, AH =—394.5 kJ mol ™!

(i) Hy + 7 Oy —H,0, Al = —285.8 kJ mol ™!
[ Ans.— 2677.1 kJ mol ™ 1]

. Calculale the enthalpy of formation of benzene,
given Lhat enthalpies of combustion of benzene,
carbon and hydrogen are —3281.5 kJ, —394.9 kJ
aned —286.1 kJ/mol, respectively.

[ Ans. +53.8 k) mol ™)
. Calculate the standard enthalpy of formation of
S0y a1 298 K vsing the following reactions and
cnthalpies.
Sg (3) + 80, () — 880, (),

AH® =—2775 KJ mol ™!

10.

ACTICE &
250, (8) + 0, (€) — 250, (g),
AH® = —198 kI mol ™!

[:ns.— 4459 k] mnl_']]

. Calculaic the enthalpy of formation of anhydrous

Al,Clg from the following data :
(i) 2Al (s) + 6HCI (aq) ——

AlLCle (ag) + 3H, () + 1004.2 kI. kI mol ™!
(i) Hy (£)+Cl, () — 2HCl (g)+184.1 kI mol ™!

(fii) HCI (g) + ag —— HCl (ag) + 73.2 k} mol ™!
(iv) ALCl () + ag —

Al, Cl (ag)+643.1 kJ mol ™!

[ Ans. —1352.6 kJ mol™1]

. From the following {hermochemical equations, cal-

culate the standard enthalpy of formation of HCI (g).
(A) Hy) — 2H(g),
All = +436.0 k] n1ol ™!
(B) Cl, (g) —— 2CI (g), All = +242.7 ki mol ™}
(€) HCI(g)— H g)+CI (&),
AH=+431.8 kI mot ™!
[ Ans.—92.45 k] mol ']

. Calculate the enthatpy of formation of n-butane

from the following data :
(H)2C, Hyg @) + 130, (g) —

8CO, (g) + 10H,0 (f), AH = - 5757.2kJ mol ™!

(i) C(s) + 04 (g) — CO, (),

AH = -405.4 k] mol ™!
(i) 2H, () + 0, (g) — ZH,0 ¢h,

AH = -572.4kJ mo| ™!
On what law are your calculations based ?

[ Ans.—174 k] mol ™)
Calculate the enthalpy of formation of acetic acid if
the enthalpy of combustion to CO, (g) and

H,0 (/) is —867.0 kJ mol ™! and enthalpies of for-
mation of CO, () and H,O () are respectively

—393.5 and —285.9 kJ mol ™.
[ Ans. —49L.8 kJ mol 1]
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1. Given
() GH, @) + 2 0, () — 2C0, () + 2H,0 (),
AH = — 14100 kJ mol ™!
(#) C(s) + 0y @) — CO, ()
AH = —393-3 kJ mol™!
(iii) By §) + 5 05 ®) — Hy0 (),
AH = — 2862 kJ mol™
AM:2CE +2H, @ — GH8) A =-

2 x Eqn. (ff) + 2 x Eqn. () —Eqgn. (i) gives the
required result.
2. AM:C()+28 () — C5, (),

1

AH =7
Given :
(i) CS, () +3 0, (g) — CO, (g) +2 SO, &),
AH = — 110-2 kI mol ™!
() S (s) + O @) — SO, (&),
AH = — 2974 k]I mol
(iif) C () + Oz ) — CO, @)
AH = —394-5 k) mol™

Eq. (if) + 2 x Eqn. (i))—Eqn. (f) gives the required
result.

]

1

3. Aim: 2 C(s) + 2 H, (g) + O, (§) — CH;COOH,
AH =
2 x Eqn. () + 2 x Eqn. (i) —Eqn. (@) gives the
rcquired result.

R e e e R e

e e S L I S e

4. Aim:12C(s) + 11 Hy (g) + -_-2-—02@)—-
CypH20yq (), 8H =
3 Aim:6C(s)+3H2(g)m+C6H6(l),AH =7

Given : () CgHg (D o e 02 &) —
6 CO, (g) + 3 H,0,

AH = — 12815 k) mol™!

(iH) C () + 05 () — CO, &),

AH = — 394 -9 kI mol

1

(i)H @) +5 0, 8)— H,0 (),

AH = —286-1 kI mol
& x Eqn. (i) + 3 x Eqn. (/i)

—Eqn. (i) gives the required result.
6. Aim: S () + 5 05 ) — SO; (@), Al = ?

=1

=

7. Aim: 2 Al (8) + 3 Cl, (g) — ALl (5), AH = ?
Eqn. (i) + 3 x Eqn. (if)—Eqn. (iv) + 6 x Eqn. (fif)
gives the required result.

8. Aim ;%H2 ® +3Cl @ — HA @©)

9. Aim:4 C(s) + 5 Hy (g)— CyHyo (8), AH =2
4 x Eqn. (i) + % »x Eqn. (fii) —71 x Eqn. (i) gives

the required result,
10. Similar to problem 3.

b A S R TR0 0 e

TYPE II. On the calculation
of enthalpies of combusllou

1 XAMPLI. Calculate the enthalpy of combus-
tion of ethylene (gas) to form CO, (gas) and H,0O

{gas) at 298 K and 1 atmospheric pressure. The
enthalpies of formation of CO, ,H,0 and C,H , are

—393.7, —241.8 + 52.3 kJ per mole respectively.
Solution. We arc given :
iy C@EY+0,@)— €O, @)
AH = —393-7 kf mol™!

(i) H, (5) + 5 0, (&) — H,0 (@),
AH = — 241-8 kJ mol™*

(@) 2C () + 2H, (§) — CH, (),
AH = +52-3kJ mol™!
We aim at :
CH, (g +30,(8) ——
2C0, (g) + 2H,0 (g), AH =
2 x Equation (i) +2 x Equation (i)

—Equation (iii) gives
2C(s) + 20, () — 2CO; (g)
+ O, (g) + 2H; (g) + 2H,0 (g)
=2C(s) - M -CH @)

30, @ — 2C0, (g) + 2ZH,0 - GH,(®
or C;H, (g) + 30, (g) ——2C0, (g} +2H,0 ()
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AH = 2 (—393-7) + 2(— 241-8) —
= —1323-3 kJ mol ™!
Alternative Method :
We aim at :
CH, (8)+30, () —>2C0, () +2H,0 (g)
We are given : AHf(CO?) ==—393-7 kJ mol ™!

(52-3)

= A =il

AHpeoction = (Sum of AHp values of Products)
— (Sum of AH, values of Reactants)

= (2 2 u
[... + » AH f'l]q(.?}l

H“f :
licoy)
— [AH® + 3 x AH®
[ fie Hy) f(OzJ]

= [2x (=393 7)+2x(—241-8)]—[(52-3)+0]
(-~ AHp for elementary substance=0)
=[—787-4—483-6]-52-3 =—1323-3 k] mol !

PROBLEMS FOR PRACTICE -

1. Calculate the enthalpy of combustion of benzene
from the foltowing data :—

(©) 6C () + 3H, (g)—CgHg (),
AH=49.0 kJ moi ™!
(i) Hy @)+ 3 05 @) —H,0 @),
AH=-285.8 kJ mol™!
(i) C)3+0, @) — CO, (g),
AH =—389.3 kJ mo| ™!
{“n: —3242.2 kJ mol 1]

2. The enthalpies of formation of methane, carbon
dioxide and water (liquid) are —74.8, —393.5 and
—286.2 kJ respectively. Calculate the enthalpy of
combustion of methane at ordinary temperature.

Lans, —891.1 kJ mo]—l]

3. Calculate the enthalpy of reaction for
CO(g) + 30,8 — CO,®)
Given C(s) + 0, (g) — CO, (),
AH = —393.5 kI mol™!
C(s) + 305 (®)— CO (g) AH=—110.5kJ mol™"

[ —283 k) mol™})

4. Find the enthalpy of combustion of carbon

{graphite) to produce carbon monoxide (g) on the
basis of data given below :—

C(graphite} + O, g) —
CO, (g) + 393.4 kJ mol ™!
Cow + % 0, () — CO, (g) + 283 -0 kJ mol !

{415 AH = — 110.4 kJ mol 1]

H [ NT6 FOR DIFFICULT PROBLEMS

o e R

i 3 ket bt

L Aim: CgH () + T 0,(®
— 6CO, (g +3H,0 (), Al =7
6 x Eqn. (iif) + 3 x Eqn. (i)
—Eqn. ({) gives the required result.
2. Aim: CH, g) +2 05 ) — CO, (g) + 2 H,O ()

s o

AH Reaction — [AH (COZ) + 2 AH® (HZO)I
- {AH°,(CHy) + 2 AH® (O]
4. Aim: C(s) + %—Oz(g)——-CO (g), AH =2
Egn. ({)—Eqn. (if) gives the required result.

I"SAMPLI. Given the following thermochemi-
cal equations

(i) S (rhombic) + 0, (g) — SO, (),
AH = —297-5k mor~1

(1) S{monoclinic) + 0,—— S0, (g),
AH = —300-0kJ mol™!

Calculate AH for the transformation of one
gram atom of rhombic sulphur into monociinic sul-
phur. (Bihar CEE 1998)
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. Given: (:) C {gr) + 02 (g)— CO; (),

Solution. We aim at :
S(rhombic)—— S(monoclinic), AH =?
Equation (f) —Equation (ii) gives
S(rhombic) —S(monoclinic)—> 0,

AH = 297-5 — (— 300-0) = 2-5kJ mol™!

or  S(thombic) — S(monoclinic),
AH = +2-5kJmol™!
Thus for the transformation of one gram atom

of rhombic sulphur into monoclinic sulphur, 2-5 kJ
mol ™! of heat is absorbed.

. The enthalpies of combustlon of ;,raphlte and

diamond are 393.5 kJ and 395.4 kJ respectively.
Calculate the enthalpy change accompanying the
transformation of 1 mole of graphite into diamond.

{Ans. 1.9 kJ mol™1]

. There are two crystailine forms of PbO ; one is

TR

yellow and the other isred. The standard enthal-
pies of formation of these two forms are —217.3
and —219.0kJ per mole respectively. Calculate the
enthalpy change for the solid-solid phase transition.

PbO (yeltow) —— PbO(red)
(Ans. —1.7 kI mol 1]

1

AH = - 3935 kI mol ™
(i) C (dia) + 05 &) — CO, (@),

AH = — 3954 kI mol '
Aim : C (gr)— C (dia), AH = ?
Eqn. (iY—Eqn. (ii) gives the required result.

......... R ER

2. Given: (1) Pb (‘) g (Jj L[,') — I’bO (ycllow)

AH = - 217-3 kI mol ™!

(ii) Pb (s) + 5 O3 () — PbO (Red),

AH = - 2190 kI mol ™"
Eqn. (i))—Eqn. (i) gives the required result.

TYPE IV. On the calculation
of enthalpies of hydration

1 AMPLIE. Enthalpy of solution (AH) for

BuCl,. 2H,0 and BaCl, are 88 and — 206 kJ

mol ™ respectively. Calculate the heat of hydration of
BaCl, to BaCl, . 2H,0.

Solution. We arc given

() BaCl, 2H,0 (s)+ ag — BaCl, (aq),

AH = 8-8kJ mol™!
(i) BaCl, (s) + ag — BaCl, (aq),
AH = —20-6kJ mol ™!
We aim at
BaCl, (s) + 2H,0—— BaCl, .2H,0 (),
AH =17 ..@#)

PROBI

FOR ¢

Equation (i) may be written in two steps as
BaCl, (s) + 2H,0— BaCl, . 2H,0 (s),
AH = AH, (say) ..(v)
BaCl, . 2H,0 (s) + ag —— BaCl, (4q),
AH = AH, (say) ..(»)
Then according to Hess’s law

AH, + AH, = — 20-6 kJ
But AH, =8-8kJmol™"

[-.- Equation (i) = Equation (v) |
~AH, = —20:6—8:8=—29-4k] mol ™!
But Equation (iii) = Equation (iv)

Hence the heat of hydration of BaCl,

= —29-4k) mol™!

The enthalpy of solution of anhydrous copper sulphate (CuSO,) and hydrated copper Qulphalc
(Cus0Q, . 5H,0) are —66-5 and +11-7 kJ mol™! respectively. Calculate the enthalpy of hydration ot

anhydrous copper sulphate to pentahydrate. I —78-2 kI mol ™1
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Given : (7)) Cu30y (5) + ag.— CuSO, (a), AH = - 66-5 kJ I‘l‘lo]_1
(if) CuSQ, . 5 HyO (5) + aq. — CuSO, (ag), AH = + 117 kI mol ™!

Ain: CuS0, (s) + 5 H,0 () — CuS0, .5 H,0 (5), AH = ?

See solution on page 5/31.

e S S
g T S e R i

TYPE ¥. On the calculation
of ¢enthalpy change for any reaction

* EXAMPLE 1. Calculate the enthalpy of
hydrogenation of ehiylene, given that the enthal-
py of combustion of ethylene, hydrogen and
cthane are — I1410-0, —286-2 and — 1560-6 kJ
mol™ ! respectively at 298 K. (N.CE.R.T)

Solution. We arc given
() GH, () + 30, (g)—
2C0O, (g) + 2H,0 (D),
AH= —1410kJ mol™!

(i) Hy @) + 30, 6) — H,0(),
AH = —286-2kJ mol~!

(i) CH (g) + 350 1) ——

2C0, (g) +3H,0 (1),
AH = -1560.6 kJ mol ™!
We aim at CGH, + H, (5)—C,H, (g), AH = ?
Equation (/) + Equation (if) — Equation (i) gives
GHy(g) + Hyg) —— GHy(z),
AH = ~ 1410-0 + (—286-2) — (1560-6)
=~ 135-6 kJ mol !

IEXAMPLL 2. The thermite reaction used for
welding of metals involves the reaction

241 (s)+Fe, D, () —— AL, (5) +2Fe(s)

PROBLEMS FOR PRA

1. The enthalpies of formation of carbon monoxide

and steam are —110-5 and —243-0 kJ mol ™!
respectively, Calculate the enthalpy of the reaction
when steam is passed over coke i.e. for the reaction

What is AH® at 25°C for this reaction ? Given
that the standard heats of formation of Al,04 and

Fe 0, are —1675-7 kI and —828- 4 kJ mol ™ Yrespec-
tively.
Solution. We are given

: 3
(®) 2Al@s) + 5028y — ALO,(),
AH = — 1675-7 kJ mol !
(i) 2Fe (5) + 30, (§) — Fe,0, (),

AH = —828-4 kIl mol™!
We aim at
2Al (s)+Fe, 0, (s) —> ALO, (5)+2Fc (5),
AH =7
Equation (/) — Equation (i) gives
2A1(5)+ Fe,0, (s) —— ALO, (s)+2Fe (s),
AH = -1675-7- (—828-4)= — 847 -3 k] mol ™",
Alternative Method
We aim at
2Al (s) +Fe,0; (s) —> ALO, (s)+2Fe (s),
AH =?
AHReaction = Sum of AH’; of products
— Sum of AH?; of reactants
= [AH% (AL, O,) + 2 X AH®, (Fe)]
— (2% AH% (A) + AHY, (Fe,0,)]
=[—1675-7+ 0] — [0 + (—828-4)]
= — 847-3kJ mol™!

ICE v

¥ | R

C+H20 el o it

[ans. +132.5k] mol_l]

2. Chloroform is prepared from methane accordiing
to the reaction
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CH, (g) + 3Cl, (5 — CHCly (1) + 3HCI ()
Calculate AH for the reaction given that enthalpies
of formation of HCI (g), CH, (g) and CHCl, (/) are
——92.0, —74.9 and —134.3 kJ per mole respective-
ly. [s —335.4 k] mol ™1

3. Calculate the enthalpy of reaction (AH®) when am-
monia s oxidized :
4NH, (g) + 50, (g) — 6H,0 (§) + 4NO (5)
o

HINTS

o e B e e

EEN SN

Standard enthalpies of formation (AH %) at 25° C
for NH,4 (g), HyO (g) and NO (g) are —46.2,
—241.8 and +90.4 kI/mole respectively.
. —904-4kJmol™ 1)
4. The standard enthalpy of formation of Fe,05 (s} is

— 8242 kJ mol ™. Calculate the enthalpy change
for the reaction

4Fe (3) +3 05— 2Fe,05(9)
s, — 1648-4 k]]

FOR DIFFICULT PROBLEMS

O G ol o S

1. AH g action = [AH, (CO) + AH? (Hz)]
~ |AH®,(C) + AH®; (H,0)]

- [0+ (= 2430)]
-1

={—110-5 + 0]
=+ 1325 k]l mol
2. AHR action = |aAH® (CHCI3) + 3 AH® (HCI)]

— [AH J,-[[ l|4;| +3 MIU,F{[ |1J|

—[( 134- 3)+3( 92- 0)|—|( 74-9) + 0]
= -335-4 kI mo)”!
4. AH,® = [2 x AHp (Fe,0;)
- [AHp (Fey + 3 H!° (0]
— 16484 kI.

=[2(-824-2)| - [0+ 0] =

_Mls_c@LLAiiEoUs PROBLEMS ON THERMOCHEMISTRY,

FENAMTEL & The heat evolved in the combus-

tion of methane is given by the following equation :
CH,(g) +20,(g) — CO, (g) + 2H,0 (I),

= — 890-3kJ moi™!
(a) How many grams of methane would be
required to produce 445 - 15 kJ of heat of combustion ?

(b) How many grams of carbon dioxide would
be formed when 445 - 15 kJ of heat is evolved ?

¢ (c) What volume of oxygen at STP would be
used in the combustion process (a} or (b} 7

Solution. () From the given equation,
890-3 kJ of heat is produced from 1 mole of
CH, ie,12+4 = 16 gof CH,
. 44515 kJ of heat is produced from 8 g of CH,

{b) From the given equation,
When 890.3 kI of heat is evolved, CO, formed

= 1mole = 4 g

. When 445-15 kJ of heat is evolved, CO,
formed = 22 g

(c) From the equation, O, used in the produc-

tion of 890 -3 kJ of heat = 2 moles = 2 x22-4
litres at STP = 44-8 litres at STP

Hence O, used in the production of 445 15 kI
of heat = 224 litres at STR.

CNAMPLY 2. The heat evolved in the combus-
tion of ghicose is shown in the following cquation : —

CeH 1,04 (5) + 50, (8) —
6C0O, (g) + 6H,0 (g),
AH = — 2840 kI moi~!

What is the energy requirement for production
of 0-36 g of glucose by the reverse reaction ?

Solution. The given equation is
CsHy, Og + 60, (g) —
6CQ, (g) + 6H,0 (g) ;
AH = —2840 kJ mol™!
Writing the reverse reaction, we have
6CO, (&) + 6H,O (g) ——
CeH;;06 (5) + 60, (8) ;
AH = + 2840 kJ mol™!
Thus for production of 1 mole of C;H 0

(=72+12+96 = 180 g) heat required (absorbed)
=2840 kJ.
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- For production of 0-36 g of glucose, heat

2840 53
180 X 0-36 = 5-68kJ

EXANIPLE 3. From the thermochemical equation
1
Cols () + 75 0, (§) ——3H,0 () +6C0, (g),

AH = —3264-64 k] mol~!
calculate the energy evolved when 39 gof CiHgare
burnt in an open container.

Solution. From the given equation,

When 1 mole of C¢Hj (78 g of C¢Hy) is burat,
heat evolved = 3264-64 kJ

- When 39 g of C, Hg is burnt, heat evolved

absorbed =

i X39=1632-32 k)
78
b LNAMPLE 4. The thermochemical equation

for solid and liquid rocket fuel are given below - —
241 (s) + 1%02 ®) —— AL 0, (5);

AH = — 1667 8K] mol—1
1
Hz (g) o 302 g —— Hzo k3

AH = ~285.9kF mot~1

(@) If equal masses of atuminium and hydrogen
are used, which is a better rocket Suel ?

{b) Determine AH for the reaction
i
Al Oz (s) —— 24l (s) + 1 -2—02 @

Solution. (a) From the first given equation

2 moles of Al (f.e. 2 x 27 g = 54 g) on com-
bustion give heat = 1667 8 kJ

“- 1 g of Al on combustion gives heat

1667 -8

o - 30-9kJ

From the second given equation
1 mole of H, (= 2g) on combustion gives heat
= 285-9kJ
-+ 1 g of H, on combustion gives heat
285-9

= —2'— = 142-95kJ

Thus, H, is a better rocket fuel,

(b) Writing the reverse of the first reaction, we
have ALO\) — 241() + 120, p);

AH = + 1667-8 kJ mol™!
Thus for the reaction given in part (b) of the
problem, AH = + 1667-8 kJ mol~!
* EXAMPLE 5. When 1 g liguid naphthalene
(Cro Hy) solidifies. 149 joules of heat is evolved.
Calculate the enthalpy of fusion of naphthalene.

Solution. Molecular mass of naphthalene
(Cyo Hg) = 128

When 1 g of liquid naphthalene solidified,
heat evolved = 149 joules.

When 1 mole ie 128 g of naphthalene
solidifies, heat evolved = 149 x 128 joules
= 19072 Joules

Since fusion is reverse of solidification, there-
fore heat absorbed for fusion of one mole of naph-
thalene = 19072 joules

i.e. Enthalpy of fusion (AHf)

= + 19072 joules/mole
EXAMPLE 6. Ifaman takes a diet whtich gives
him energy equal to 9500 kJ per day and he expends
energy in all forms to a total of 12000 kJ per day, what
is the change in internal energy per day ? If the energy
lost was stored as sucrose (1632 kS per 100 g), how
many days should it take to lose 1 kg 7 Ignore the
water [oss.
Solution. Loss of energy per day
= 12000—9500 = 2500 kJ
Since the man can be considerded as a system
with constant volume, hence loss of energy can be
taken as equal to the loss of internal energy. As
internal encrgy decreases, AE is negative. Thus
change in internal encrgy,
AE = —2500kJ.

For a loss of 1632 kJ of ERergy, sucrose
(Ci2Hp,04y) lost = 100 g (given)

For a loss of 2500 kJ of energy, sucrose lost
100
= o3 X B500g =153

Thus 153-2 g of loss of weight takes place in
1 day

- 1kg (1000 g) of loss of weight will take place

X 1000 days = 6-5 days

1
153-2
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EXAMPLE 7. Standard vaporisation enthalpy
of benzPne at its boiling point is 30-8 kJ mol~ L. For
how long would a 100 W electric heater have (o
operate in orderto vaporize a 100 gsample of benzene
at its boiling temperature 7

{power = energy/time, IW = 11s7h
(N.C.E.R.T)
Solution. 1 mole of benzene, CgHg (78 g)
requires energy for vaporization = 308 kI

1. Given that
(i) C(graphite) +0,(g) —CO, B
AH=-393.7 kI mol ™"
(i) C(diamond) —* C(graphite) ;
AH = —2.1KkJ mol ™!
(a) Calculate AH for purning of diamond to CO,

(b) Calculate the quantity of graphite that must be
burnt to evolve 5000 kI of heat

[Ans. (@) —395-8 KJ (1) 1524 ¢]

2. Compare the quantity of heat produced by the
combustion of 1.0 g glucose {C4H,06) With that

produced by 1.0 g sucrose (Cy2 Hyg Oyy)- Given

that the standard heats of formation of
C0, , H;0, glucose and sucrose are —393.5,

—285.9,—1260and —2221 k] mol ™! respectively.

[ Ans. AH for glucose =—156kig”"

AH for the sucrose = —9.6 kKJ g_']

3, Calculate the enthalpy change for the reaction

between CO, and Hy0 1o produce one mole of
glucose (Cg Hyp Og)- What would be enthalpy

change for the production of 18 g of glucose ?
The enthalpy of combustion of glucose is 2840

kJ moi™!
[Ans. AH = + 2840 kJ, AH = + 284 KJ]

4. (a) A cylinder of gasis assumed to contain 11.2kg
of butane. If a normal family needs 20,000 kI of
energy per day for cooking, how long will the
cylinder last ? Given that the heat of combustion

of butane is 2658 kJ mol ™.

PROBLEMS FOR PRy

100 g benzene will require encrgy
30-8
=g x 100k) = 39-5K}

100 W heater gives energy of 100 1 per second.
. Time required for getting 39- 5kJ of energy
39500 3
AR 3955

= 6 min. 35 sec.

TICE W

o
T e T .

(b) If the air supply of the burner is insufficient (i.e.
you have ayellow instead of a blue flame), 2 portion
of the gas escapes without combustion. Assuming
that 33% of the gas is wasted due to this inefficien-
cy, how long would the cylinder last ?

[ Ans. 26 days approx., 17 days approx.]

5, Anaverage person necds about 10,000 kJ per day,
How much carbohydrates (in mass) will he have to
consume, assuming that all his energy needs are
met only by carbohydrates in the form of glucose?
Given that the heat of combustion of glucose is

2900 kJ mol ! [ Ans. 620.7 g}

6. Reaclion between red phosphorus and liquid
bromine is an exothermic reaction represented as
follows :

2P(s)+3Br2(l)——>2PBr3(g),

AH® = — 243 k¥ mol L.
What will be the enthalpy change when 263 gof
phosphorus reacts according to the above reaction.
Take atomic mass of phosphorus as 31 0.

| Ans. 10-3 KJ]

7. A swimmer when comes out of the swimming pool
weighs 80 g extra due towater sticking on his body.
How much heat he should absorb from the sun S0
that all the water evaporates off from his body.
Given that the latent heat of vaporisation of water

is 40-79 kJ mol ™. [ Ans. 181-3KJ]

%, Calculate the enthalpy change when 2-38 ¢
of carbon monoxide (CO) vaporize at its nor-
mal boiling point. Given that the enthalpy of
vaporisation  of carbon  moncxide 18

6.04 kI mol~! at its normal boiling point of
g82-0 K. [‘N.C.E.R. T.) | Ans. 513211

LE
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HINTS ‘Forbi
S e e s ;
L. (@) Eqn. (ilY—Egn. (i) gives the required result.
() 393-7 kJ of heat is produced from; graphite
=12g
5000 kJ of heat will be preduced from graphite

R e R

=-3—91;—_7x5000g=152-4g
2. CH,304 + 6 0,— 6 CO, + 6 H,0
AH Reaction = 16 AHY, (CO,) + 6 AHY, (H,0)]
= [AH (CgH1,05) + 6 AHY (O
=16 (= 393-5) + 6 (- 285-9)] - {(~ 1260) + 6 (0)]
= — 28164 kI mol™!

Heat produced from 1 g glucose

_ 28164
frr 180

C12Hy;04 +60,— 6 €0, +11H,0
AHReaction = [6 (= 393-5) + 11 (- 285-9))
= [~ 2221 +0]

=156 kJ

= - 32849 k) moy ™!
Heat produced from 1 £ sucrose
32NN
=T33z K =96k
3. Given: C¢Hy,04 (5) + 6 0, () —
6CO, () +6 H,0 o,

AH = — 2840 kJ mop~—!
Aim : Reverse Reaction for which
AH = + 2840 kI may~1

ey

FFI

A e

R e

CULT PROBLEMS

the enthalpy chang
moie (180 g) of glucose. Hence for
AH = + 284 k)

4. (@) 1 Mole C,H,, = 58 g
Heat produced from 11200 g

z zg;s X 11200 = 513268-9 kJ.

No. of days for which it will last
= 513268-9/20,000 = 25.7 days = 26 days
(b) After wastage, heat available

e for production of 1
18 g glucose,

67 =
= oo X 3132689 = 343890 £J

No. of days for which it will Jast
= 343890/20000 = 17 days
. Mol mass of glucose (CgH,04) = 180.

Glucose required per day
= (180 7 2900y x 10,000g.
- Required AH ==264T3x2-63.1 =103 kJ.

. For evaporation of 1 mol of H,0 ie 18 g, heal
required = 40-79 kJ

= For evaporation of 80 g of H,0, heat required

40-79

18
= ]
- &H ., for CO = 6-04 kJ mol

Le. 6-04 kI for 28 ¢
-~ Enthalpy change for vaporisation of 2:38 g

X 80 = 1813 kJ.

4 x 2:38kJ=0-5134 kI = 5134 1,

2
]

S e PR

e A e e

|

5.18. i

Bond Enthalpy Or Bond Energy s

We know that energy is evolved when a bond
is formed and energy is required for the dissocia-
tion of a bond. Hence bond energy is defined as
follows : —

Bond energy is the amount of energy released
when one mole of bonds are formed from the
tsolated atoms in the gaseous state or the amount
of energy required (o dissociate one mole of bonds
present between the atoms in the guseous
malecules,

For diatomic molecules like H,,0,, N,,
Cl, , HCI, HF etc., the bond energics are equal to
their dissociation energies,

=i

For polvatomic molacules the bond energy of
a particular bond is not the same when present in
different types of compounds (e.g. bond energy of
C—Cl is not same in CH,Cl, CH, (1,
CHCI, CCl,). In fact, the bond energy of a par-
ticular type of bond is not same even in the same
compound (e.g. in CH,, the bond energy for first,
second, third and fourth C — H bonds are not equal
— their values being + 427, + 439, + 452 and
+347 k] mol ! respectively). Hence in such cases.
an average value is taken,

Thus average C — H bond energy

427 + 439 + 452 + 347 1665
=i e RN DR
4 4

= 416 k) mo| ™!
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The most accepted values of the bond ener-
gies of some common bonds are given in Table 5.1.
' REMEMBER _
Bond energy usually means bond dissociation ener-
gy Hence it is always taken as positive because it is |
| the energy required and not the energy released. |
| Further, it is the energy for one mole of a particular
type of bonds and not for 1 mole of the substance.

Difference between bond energy and bond
enthalpy. Strictly speaking, bond energies should
be AE® (or AU®) values. However, the normally
reported values are bond enthalpiesi.e. AH values.
Bond dissociation energies are obtained at OK by
spectroscopic methods whereas bond enthalpies
(AH® or AH at any other temperature) are calcu-
lated by considering contributions from heat
capacities and p AV terms. For example, bond en-
thalpy of H, at 298 K is 435 kJ mol ™"

i.e. Hy (g) — 2 H (g), AH° = 435 kJ mol ™!

The corresponding bond energy (AU°) for
this reaction is 430-8 kJ mol ™. Thus, there is very

small difference and the two are used interchan-
geably.

An important use of the bond enthalpy is that
it helps to calculate the enthalpy of formation of
atoms. For example, from the above reaction.

Enthalpy of formation of H-atom =-4§—5

=217-5 k} mol™!

Calculation of bond enthalpy. For
polyvatomic molecules, the bond enthalpy of a
particular bond is found from the values of the
enthalpies of formation (which is turn may be
obtained from the enthalpies of combustion,
enthalpies of sublimation, enthalpies of dis-
sociation etc.). Similarly, the bond enthalpies of
heteronuclear diatomic molecules like HCI, HF
etc. can be obtained directly from experiments
or may be calculated from the bond enthalpies
of homonucicar diatomic molecules. These
calculations are illustrated in the examples
given on page 5/43 and 5/44.

"-I‘A. LE S] Bond ehergies of some common bonds

BOND BOND ENTHALPY* RN BOND ENTHALPY**
(k.] l'l'lOI_l) (k.] mol"l)
f==H 436 =1 414
H—F 565 O—H o
H—Cl 431 N—H 389
H—Br 364 g6 347
- . 297 c=C 619
F—F 155 c=cC 812
cl—al 242 =l 326
Br — Br 190 BeG 335
e 149 c=0 707
T 494 Cr— N 203
N=N 941 C=N 616
C=N 879

FORMULAS
ArD
UKNITES

() AH eycrion = = AH (Products) —ZAH ! (Reactants)
(i) AH oyction = E Bond Energies or Enthalpies of Reactants

— Bond Energies or Enthalpies of Products

= ¥ B.E. (Reactants) — £ B. E. (Products)
(iti) Hess’s law treats thermochemical equations as algebraic equations.

*These are exact values because they involve dissociation of diatomic molecules, which contain only one bond.
#*These are average values becuase they are obtained from molecules which contain more than one bond.
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" EXAMPLE 1, Calculate the bond enthalpy of
HCI. Given that the bond enthalpies of H, and C,

are 430 kI mol ™! and 242 kJ mol™ respectively and
AHP for HClis — 91 kd mol L.

Solution. First Method. By using the relation
AHpeoction = Z AH;{(Products)
— Z A, (Reactants)

Here we are given

H; (g —— 2H (g), AH = +430 kJ mol~!
(f)

ClL (g — 2Cl(g), AH = +242 kJ mol™!
- (if)

We aim at

HCl (g) —H (g) + Cl(g), AH=" __(ii§)

Evidently, for reaction (i)

AH=3 A Hy (Products) — T A H (Reactants)

= [AHf* (H) + AH (CI)] - [AH,* (HCI)]
. (iV)
From equations (i) and (i),

AHS (H) = %(+430 kJ) = 215 kJ mol~!

AHg(Ch = %(+242k])= + 121 kJ mol !

Also we are given AHp (HCI) = — 91 kJ mol™!
Putting these valucs in eqgn. (iv), we get
AH =+ 215 + 121] - [ — 91
= 427 kI mol !
Second method. By using Hess’s law
We are given
() Hy(g) —» 2H(g), AH = + 430 kJ mol~!

(i) Cly(g) —> 2CI(g), AH = +242 kJ mol !

¢ gl 1
(i) $Hy(g) + 5Cl(g) — HCI(g),
AH = — 91 kI mol™!
We aim at
HClg) — H(g) + Cl (g), AH = ?
5 X (z)+% X (i) — (iii) gives the required result.
Third Method. By applying the relation
A Hgeaction = Z Bond Enthalpies of Reactants
— Z Bond Enthalpies of Products

For the formation of HCI
1 1
EHZ ® +5Cl2 @—HCl(g), AH = AHf

AH = Z B.E. (Reactants)
— Z BE. (Products)

B.E. (H,) + 3 BE. (Cl) ~ B.E. (HCl)

B3| —

—91 =2 x 430 +3 X 242 - BE. (HCl)

B.E. (HCI) = 215 + 121 + 91
= 427 kJ mol !

EXAMPLE 2. Calculate the bond energy of
C—H bond, given that the heat af formation of
CH, heat of sublimation of carbon and heat of

dissociation of Hyare —74-8, +719-6 and 435- 4%/
mol~1 respectively.
Solution. Here we are given
Cls) + 2H, () — CH, (p),
AH = — 74-8k]  ..()
CiE)——C(g),AH = + 719:-6 k] (i)
H, (§) ——2H (g), AH = + 435-4kJ
§11)]
CH, ) —— C(g) + 4H(g)
we(i¥)
Eqn. (ii) + 2 xEqn (jif) —Eqn (f) gives
Cls) + 2H, ()) —> C(g) + 4H(g)
~C(s)—2H, ()  ~CH, ()
0 = Cg) + 4H(g) —CH, (g),
AH = 719-6 + 2(435-4) — (-~ 74-8)
or  CH,(g)——> C(g) + 4H(g),

AH = + 1665-2kJ

This gives the enthalpy of dissociation of four
moles of C— H bonds

Hence bond energy for C—H bond

1665-2
4

Use of bond energy data. When a chemical
reaction takes place, some bonds of the reacting
molecules are broken whereas some new bonds of
the product molecules are formed. Knowing the
bond energies of the various bonds involved, the
enthalpy change of the reaction can be calculated
as illustrated in the problem below,

We aim at

= 416-3 kJ mol~!



5/44

Pradeep’'s New Course Chemistry x1)

FXAMDPLE 1. Calculate the enthalpy change
for the reaction

Hy(g) + Bry(g) — 2HBr (g)
Given that the bond enthalpies of H—H,

Br— Br and H— Br are 435, 192 and 364 kJ mol ™!
respectively. '

Selution. Energy absorbed for dissociation
of 1 mole of H—H bonds = 435k}

Energy absorbed for dissociation of 1 mole of
Br — Br bonds = 192 kJ

Total energy absorbed = 435+192 = 627kl
Energy released in the formation of 1 mole of
H-—Br bonds = 364 kJ
. Energy released in the formation of 2 moles
of H—Br bonds = 2 x 364 k] =728 kJ.
Energy released > Energy absorbed
Hence net result is the release. of energy.
Energy released =728 kJ —627k}=101K]
i.e. for the given reaction, AH = — 101 kJ
Alternatively, the problem may be solved by
applying Hess’s law or by applying the following
relation directly

A Hgeaetion = = B-E- (Reactants)

— % B.E. (Products)

PROBLEMS FORE

. Find the enthalpy of formation of Hydrogen
fluoride on the basis of following data :

Bond energy of H—H bond = 434 kJ mol ™!
Bond energy of F—F bond = 158 kI mol !
Bond energy of H—F bond = 565 kJ mol ™!

[Ans. —269 k] mol ']

_ Calculate the enthalpy change for the reaction
Hy(g) + Lg) — 2HI (®)

Given that the bond energies of H—1, [—I and
1 are 433, 151 and 299 kJ mol ™' respectively.

[Ans. —14 kJ]
. Calculate the enthalpy of formation of water, given
{hat the bond energies of H—H, 0 = O and O—H

bond are 433 kI mol™}, 492 kJ mol ™! and 464 kJ
mol~! respectively. [Ans, —249 KJ mot™ 11

 From the following data at 25° C, calculate the bond
energy of O—H bond :

@O H, @ — 2H(®, aH, = 1042kaal

~ [BE. (H,) + BE. (Bry)| - 2B.E. (HBr)
=435 + 192 ~ 2 X 364 = — 101 KJ

¢ LXANMPLI Propane has the stnicture
H,C— CH,— CH; Calculate the change in enthalpy

for the following reaction :

CHy ) +50,6) —
3C0,(g) + 4H0 ()

Given that average bond enthalpies are :

>

it

347 414 741 498 464 Jf mol ™!
(N.C.E.R.T)

Solution. AH, ;. tion
L SR SEL

|- (| e
= |BE |H-C-C-C—H| +5xBE.(0=0)

1R
HHH

~[BXBE(O=C=0)+4BE. (H—0—-H)]
=[2BE. (C-C) +8BE.(C-H)
+ 5B.E. (0 = 0)]
— {6 x BE.(C=0) +8BE.(O-H)|
= [2 (347) + 8 (414) + 5 (498)}
— [6 (741) + 8 (464 KJ mol ™!
[694 + 3312 + 2490] — [4446 + 3712]
— 1662 kJ mol ™!

= E
A o et e i

@) O, @)— 20@), Ally = 118.4 keal

Ly

(i) Hy @) + 50, @) — H0®)
AH, = —578 keal

{Ans. 110.6 keal]
5. Calcutate the enthalpy of hydrogenation of
C,H; ) to GH, )
{Given bond energies : C—H = 414-0 kI mol ™},
C=C=876kimol™! C=C=6060Kk
mol~1, H—H = 430-5 kJ moi~ 1)
(A.15.B. 1997) Lsns. —175-9K] mol ™ 1]
6. AH for the reaction

H H
=
H—C=N(g+2H,@g— H-C-N-H®)
|
H
is —150 kJ. Calculate the bond energy of C=N

bond.
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FEACTICE FEROBLEMS CONTD

[Given bond energies of C—H = 414 kJ mol ™! ;
H—H = 435 kJ mol™! ; C—N = 293 kI mol—!,
N—H =396 ki mol~!] (D.S.B. 1998)
[4ns. 839 kJ moi ™)
7. Calcuiate the enthalpy change for the following
reaction H, (g) + Cl (&) ——  2FC! (14)
Given that the bond dissociation enetgies of
H—H, C1—Cl and H—Cl are 437 kJ, 244 kJ and
433 kJ mol ™! respectively. [Ans. —185 k)]

8. Caleulate the C—Cbond energy from the following
data: (i) 2 C(graphite) + 3H, @) —— G H, (),

INTS 2

ey ey

R b gt

(if) C(graphite) —— C(g), AH =716.7kJ
(i) Hy (g) — 2H(g), AH = 435.9kJ

Assume the C—H bond energy as 416 kJ
[Ans. 329.77 kJ]
9. Calculate AH* for the reaction
CH; =CH +30, —» 2 GO, + 2H,0
Given that the average bond energies of the dif-
ferent bonds are
Bond C-H 0=0 C=0 O0O-H c=C
Bond 414 499 724 460 619
energy

(kJ mol ™y lAns. —964 k] mol™]

OR DIFFICULT PROBLEMS

e g et P e e ot

1. Ajm:%—Hz +%F2—-HF,AH =7
AH = I B.E. (Reactants) — X B.E. (Products)
1 1
=5 B.E.(Hy + 5 B.E. (F;) - BE. (HF)
1

=5 X434 +%x158—565=—269k.lm0|_].

3. Ajm:H2+%02——-H20,AH =

0rH—H+lO=O——»H—O—H,AH=?

73
433+%x492 2 x 464
= 679 k] = 928 kJ

Energy absorbed Energy released
*- Net energy released = 928 — 79

= 249 kJ moi !
ie. AH = ~ 249 kJ mol ™!
Alternatively, AH = B.I5, (Hy) + —;— B.E. (0,)
-2B.E.(0-H)
=433 + 21 X492 — 2 X 464 = — 249 k) mor— !
4. For reaction (i)

AH = B.E. (H,) + %B.E. (Oz) - 2 BE. (O-H)
-57-8 =104 2 +%x 1184 -2 X BE. (O—~H)

of 2xB.E (O—H) = 2212 keal
or B.E. (O—H) = 110-6 kcal.
H H

s H———CEC—H+H——H———-(|:=é

o

AH = B.E. (Reactants) — B.E. {Products)
=[BE (C=C)+2xBE. {C—H)
+ B.E.(H—H)] — [B.E. (C=0)
+4BE. (C—H))
=[827-6 + 2 x 4140 + 430-5]
—[606-0 + 4 x 414-0j
= 175-9 kJ moi !
6. AH reaction = = B.E. (Reactants)
—2 B.E. (Products)
—150 = [B.E. (C—H)+ BE.(C= N)
+ 2 B.E. (H—H)j
~[3XBE.(C~H)+B.E.(C—N)
+2 xB.E. (N-H)|
8. Let us calculate AH for the reaction
H H

CHe @ ie. H—lé-—(::-—H ®)—2C@®+6H ()

H H
2 x Eqn. (i) + 3 x Eqn. ¢in—Eqn. (i) gives
AH Reaction = 2825-77 kI
Ifx is the bond energy of C—C bond, then
X + 6 BE. (C—H) = 2825.77
X+ 6(416) = 2825.77
or X =329.77kJ
9. AH, o c4ion = [B.E. (C = C) +4BE.(C—H)
+3BE(O=0)]-[2 x2 XBE. (C=0)
+2 % 2 x B.E. (O—H)]
=619 + 4 (414)+3 (499)]-[4 (724)+4 (460)] k1
= — 964 kJ
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The compounds which have negative enthalpies of formation are called exothermic compounds while those
with positive enthalpies of Formation are called endothermic compounds.

Variation of heat of reaction with temperature is given by Kirchoff’s equation viz.

; AH, — AH
(—L——l" i ) = ACP or L i AC
P

aT T A 7
- AE
3(AEY) _ AEp i
or ( Ty =AC, or _T—_-_z = P AC,

where AH | and AH, are enthalpy changes at temperaturcs T, and T and AE, and AE, are internal energy
changes at temperatures T, and T, respectively.

AC, =1 G, of products—Z C,, of reactants
AC, =% C, or products—Z C,, of reactants

G and C,, represent heat capacities al constant pressure and at constant volume respectively.

Enthalpy of formation of H* ion in dilute agueous solution is taken as zero (ie. 1/ 2H; (g) +aq —

Ht ( i L i i i jon can be calc
aq) +¢, 8H° = 0). Using this value, the enthalpy of formation of any other jon can be calculated.

water
dg HGUE). S H* (aq) + C1” (ag), AH = — 75314k
ie. AH"I(H"' (ag)y + AN (CI™ () - AH° (HCI(g)) = — 75 14 %]

But AH“,(HCl €)=—9230k}. Putting the values, we get
0 + AH(CI™ (aq)) - (92 30) = — 7514 kJ
or AH%f (C1™ (ag)) = —167-44 KkJ

Enthalpy of formation of an atom is nearly half of the bond dissociation energy of its gaseous diatomic molecule
eg Hy (g)— 2H (g), AH" = 435 &J mol ™!

Enthalpy of formation of H-atom = 43572 = 217-5 kI mol ™",

If the solubility of a substance is known at two different temperatures, the mean molar enthalpy of solution
over this temperature range can be calculated by applying an equation similar to van't Hoff equation (relating
equilibrium constant with temperature). The equation is

s e e
8T, "IIWR|T, " T,
where C, and C; are solubilities at temperatures Ty and T, respectively.

An adult requires about 2500 to 3000 keal per day.

When an element exhibits allotropy, the standard enthalpy of formation is taken as 2€ro for the allotropic form
which is most stable under standard conditions i.e. 298 K and 1 bar pressufe. For example, in case of carbon,
AH = 0 for graphite and not for diamond. Similarly in case of sulphur, AH = 0 for rhombic form and not
for monoclinic.

During hydration, the physical state of the solid does not change [eg CuS0O, () +5H,0 —
CuS0,.5 H,0 ()] However during dissolution, it changes.

The enthalpy change when one mole of the solute is dissolved in a definite number of moles of the solvent is
called integral heat of solution.
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Enthalpy of ionization of a weak acid can be calculated by subtracting enthalpy of neutralisation of that acid
with a strong base from 57-1kJ e.g heat of ionization of CH;COOH = 57-1 - 55:2 = 1:9 kI

Likewise enthalpy of ionization of a weak base can be calculated.

Enthalpy of neutralisation of HF is about 68 kl i.e. more than that of a strong acid with a strong base viz 571
kJ. This is due to very high hydration energy of fluoride ions.

AH

combuslion

is always negative. However, there are some reactions which involve combination with oxygen

leading to partial combustion but AH is positive e.g. N, + O, — 2 NO, AH = +ve

Further when F, combines with O, to form OF,, F; is reduced and not oxidized and AH for the reaction is

positive

ie Fy+ 50, — OFy, AH = +ve.

The neutralisation reaction of a strong acid with a strong base is

H (ag) + OH™ (ag) — H,0 (),

AH = - 571 kI mot™}

From this, it may be concluded that enthalpy of dissociation of water is + 571 kJ mol ™.
Enthalpy of atomisation is the heat required to break one mole of the substance into isolated atoms in the

' gaseous phase e.g MNa (5) — Na (g).

We need energy almost in every sphere of
life e.g. for lighting, cooking, transportation, com-
munication ctc. Further every industry is depend-
ent upon energy. In fact, the progress of a country
is determined on the basis of the electrical energy
it consumes as it is an indication of the industrial

progress and the progress of living standards of that -

country.

In this respect, India is still backward as the
electrical energy consumption per person is quite
low as compared to the developed countries. A few
sources of energy are briefly explained below ;: —

1. Fossil fuels. Coal and petroleum which are
betieved to have been formed from animals and
plants that remained buried under the surface of
the earth for millions of years where they were
subjected to high temperature and pressure are
called fossil fuels. These are the most common fuels
at the disposal of man and hence are called conven-
tional fuels. In India, nearly 90% of the total cnergy
requirement is met by these fuels. The various frac-
tions obtained by fractional distillation of crude
petroleum (e.g gasoline, diesel oil, kerosene oil

etc.) provide the best source for means of transpor-
tation (i.e. scorters, cars, buses, trucks etc). Con-
densed Natural Gas (CNG) has been another
substitute for petroleum products. Similarly, the
heat energy produced by burning of coal may be
used ‘directly wherever required or may be used for
the production of steam which may then run the
turbine and produce electricity. This is the prin-
ciple of a thermal plant.

The sudden sharp rise in prices of crude
petroleum by oil producing countries in the mid
2000 and threat from global warming, rising sea
levels and climatic changes due to green house gas
emissions from fossil fuels forced the countries
across the world to think of alternative sources of
energy i.e. non- conventional and renewable. A few
of these are given below.

2. Dung and wood. This is another very cheap
and easily available source of energy. Gobar gas
plants are becoming more and more popular in the
rural areas which make use of cow-dung and
decayed plants.

3. Water. Falling water has high kinetic energy
which can be used to run the turbine and produce
electricity. This is the principle of hydro-electric
power stations set up at Nangal and
Shivasamudram.
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4. Radioactive elements. A small amount of a
radioactive element such as uranium when under-
goes nuclear fission produces a tremendous
amount of energy which is equivalent to the energy
produced by the burning of thousands of quintals
of coal. Hence every country of the world has been
trying to harness energy from this source. The
plants which work on this principle are called
Nuclear power stations. In India, we have nuclear
power stations at Tarapur (Maharashtra), Kota
(Rajasthan) and Kalpakkam (Tamil Nadu).

5. Wind. This is a gift of nature. The use of
wind mills has been quite common but this source
has not been exploited fully yet.

6. Geothermal sources. The interior of the
carth is very hot. Hence, at a number of places, we
find hot gases and hot steam rushing out of the

INDIA
COAL (55:2%)

NUCLEAR
ENERGY (1%)
RENEWABLES
OIL (31-5%) (3%)
OELECTRIC
NATURAL GAS HYER (3.;')50 R
(7:9%)

5.20. The Sun as the Primary or
Ultimate Source of Energy

The various sources of energy such as fossil
fuels, wood, hydroelectric power, wind power,
nuclear power etc. are ultimately dependent upon
the sun, e.g.

(i) Plants grow by synthesising their food in
the presence of sunlight (photosynthesis).

(ii) The plants (forests) are then fossilized to
form coal or they are food for the animals which in
turn are a source of gobar gas or are fossilized to
form petroleum.

earth’s interior in the form of hot springs. The heat
of these springs can be utilized as a source of
energy. There are some places where people cook
their dishes in the hot water springs.

7. Tidal waves and ocean currents which pos-
sess high kinetic energy can also be exploited as a
source of energy.

In India, coal has been the main source of
energy. It is only during the last few years that Oil
and Natural Gas Commission has made a break-
through in the field of petroleum. After inde-
pendence, considerable development has also
taken place in the field of hydroelectric power as a
source of energy.

The different sources of energy consumption
in India and in the world, as they existed in 1998,
are shown in Fig. 5.15 below :

WORLD

RENEWABLES

OlL (35%) ~
2%)

HYDRO-
ELECTRIC
(2%)
NUCLEAR

ENERGY (7%)

COAL (23%) B'gm;ss

NATURAL GAS
(21%)

(i) The heat of the sun causes rain and hence
we have water-falls acting as a source of
hydroelectric power.

(iv) The heat of the sun causes winds, tides
and ocean waves.

(v) It is believed that all elements including
radioactive elements like uranium are synthesised
from hydrogen by the process of nuclear fusion
taking place in sun or other stars.

Efforts have also been made to explore the
solar energy for generating electricity. However,
these efforts have not met with any appreciable
success so far.
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The various processes are shown diagrammatically in Fig. 5.16.

b= e NUCLEAR Fusroru@somﬁ ENEREA L RRODECTIRN
LIKE U (AN EFFORT IN | ELECTRICITY
PROGRESS)
p
ve &>
RAIN, RIVERS, LiGHT | WINDS, TIDES
WATER FALLS OCEAN'WAVES
¥
GROWTH OF PLANTS
BY PHOTOSYNTHESIS
245 i~
=
0% 2%
TSRS i - i T
FOSSILIZED
O COAL ANIMALS
DUNG MARINE ANIMALS
k
FOSSILIZED TO
GOBAR GAS PETROLEUM

FIGURE 5.16. The Sun as the ultimate source of energy.

5.21. Pollution Associated
with Consumption of Fuels sstmnses

For the production of electricity by the ther-
mal power plants and to meet the ever increasing
needs of transport in the cities and towns, the con-
sumption of fossil fuels (i.e. coal and petroleum
products) is on the increase. The combustion of
these fuels produces carbon dioxide, carbon
monoxide, oxides of nitrogen and sulphur (by
oxidation of compounds of sulphur and nitrogen or
elemental sulphur present as impurity in the fossil
tuels) and some unburnt hydrocarbons. All of these
arc the pollutants of the atmosphere as explained
below :

(i) Carbon dioxide. This is the main product
of combustion of the fossil fuels. If its percentage
in the atmosphere increases beyond a particular
level, the climate of that place may change e.g. the
average temperature may increase®.

(ii) Carbon monoxide. It combines with the
haemoglobin of the blood forming carboxyhaemo-

*This effect is called ‘groenhouse effect’, (discussed in Unit 18).

globin thereby making it incapable of transporting
oxygen to the different parts of the body.

(iti) Oxides of nitrogen and sulphur. They are
corrosive and poisonous. They dissolve in the rain
water thereby making it acidic. This is called “acid
rain’. It damages the stone buildings and forests and
also the metals.

(iv) Unburnt hydrocarbons. Some of these
hydrocarbons are a great health hazard and may
€ven cause cancer.

Besides fossil fuels, another very important
source of energy is the ‘nuclear fuel’ being used in
the nuclear power stations. This sometimes causes
even greater problems. Although the release of
radioactivity into the atmosphere is strictly control-
led, yet disasters do occur sometimes. For example
in 1986, such a disaster took place in Russia (in
Chernobyl). A very large number of people are
affected when such a disaster occurs. The storage
of radioactive waste (produced by the nuclear
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power stations) which has still a very high radioac-
tive level poses a very serious problem.

Scientists all over the world are working to
control the pollution. Many advanced countries
have already achieved a significant success. In
India, efforts are on to minimize the pollution.

o Q "-
The various energy sources, as discussed
above; may be divided into two categories :

(1) Renewable (Non-depletable)
(2) Non-renewable (Depletable)

Renewable sources include wood (plants),
wind, falling water, geothermal power, ocean
waves, tidal waves, solar energy ete. These sources
are produced continuously in nature and are almost
inexhaustible, at least so long as the life exists on
this earth.

Crude oil (petroleum), natural gas, coal,
uranium etc. are non- renewable energy sources as
these have accumulated over ages and are not
quickly replaceable when they are exhausted.

The rate at which the non-renewable sources
of energy are being consumed, it is expected that
their stocks are likely to exhaust by the middle of
the 21st century. Hence there is a likelihood of
energy crisis.

It may be pointed out that the law of conser-
vation of energy does not fail here. The only prob-
lem is that the combustion of fuels is a one way
process i.e. either the products of combustion are
not converted back into the original substances at
all or they are converted back at a rate much slower
than the rate of their consumption. For example,
coal burns to form CO, but CQ, is converted back

into carbon by nature through photosynthesis at a
much slower rate.

Foreseeing the problem of energy crisis,
scientists all over the world are trying to find ways
and means of getting all types of energy from alter-

" native sources®i.e. renewable and non-convention-
al sources. A few of these are given below :

(1) Solar emergy e.g. in the form of solar

" tookers, solar water pumps, solar photovoltaic
cells, sotar water heating:systems etc.

(2) Biomass. It is the waste material obtained
from animals and plants e.g. cattle dung and dead

parts of plants and animals. When allowed to rotten
in the absence of air, it decomposes to produce
biogas which like natural gas can be used as a
domestic fuel or to produce electricity. The residue
left contains a high percentage of nitrogen and can
be used as a fertilizer.

(3) Coal. Coal as such has the problem of
transportation and pollution on burning. The im-
purities of sulphur are removed and then it is con-
verted into a gaseous form called synthetic natural
gas which can be easily transported in pipe lines.
The product contains a mixture of CO, H, and

CH, all of which can be used as fuels.

(4) Hydrogen. It has high heat of combustion
and does not create any pollution problem. Its use
as a rocket fuel is well known. It can be obtained in
large amounts from water. It can be used as a good
fuel for production of electricity.

(5) Nuclear energy. As alrcady mentioned,
radioactive elements such as wuranium and
plutonium are a potential source of energy which
are being used to produce electricity.

(6) Other sources, These include geothermal,
wind and tidal waves and ocean currents.

However, we should also try to conserve ener-
gy as far as possible. A few practical suggestions
for the conservation of energy are listed below :

(1) Use the fuel that is renewable.

(2) Use high efficiency oil or gas stoves which
burn the fuel with a blue flame and not witha yellow
flame (which is an incomplete combustion produc-
ing less heat).

(3) Keep rcady the next item to be heated,
otherwise, put off the stove.

(4) Use the vessels with flat bottom for heating
and not the vessels with round bottoms.

(5) Use energy-saving devices for cooking like
pressure cookers etc.

(6) Switch off the lights, fans etc. when not
required.

(7) In winter, better sit in the sun to warm
yourself instead of using heaters inside the rooms.

(8) Use casseroles for keeping the eatables
hot instead of heating them again.

(9) Take bath with fresh running water instead
of using geysers.

(10) Plant trees if you have surplus land.

~#To tap alternative sources, India has sct up Ministry for Non-Conventional Energy Sources (MNES). It has tapped nearly

all sources like solar, wind, biomass, hydro projects ete.
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Conceptual Quest
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). 1. Classify the following into open, closed or isolated systems :
(i} Animals and plants (ii) A referigerator or a fridge (i) A solar cooker.
Ans, (i)} Opensystem (i) Isolaled system  (iif) Closed system.

i+, 2. To what type of system the following belong ?
(i) Tree (i) Tea placed in a kettle.

Ans. (1) Open system (i) closed system.
(). 3. Which of the following are open, closed or nearly isolated systems ?

(i) Human beings (i) the earth (iii) can of tomato soup (iv) Ite-cube tray filled with water (v) A satellite in
an orbit (vi) Coffee in a thermos flask and (vii} Helium filled balloon. (NC.ER.T}

Ans. Open : Human beings, Earth, Ice cube tray
Close : Can of tomalo scup, A satellite in an orbit
Isolated : Coffee in thermos flask, Helium filled balloon.
® (). 4. Separate out the following into extensive and intensive:

¥

Volume, Temperature, Pressure, Boiling point, Free energy

Ans. Volume and free energy are extensive, others are intensive,

3. 5. What is the most important condition for a process to be reversible in Thermodynamics ?

Ans. The process should be carried out infinitesimally slowly or the driving force should be infinitesimally greater

or smaller than the opposing force.

Which of the following are state functions ?

(i) Height of a hill (i) Distance traveiled in climbing the hill (i) Energy change in climbing the hill.
(NC.E.RT)

o

Ans. (£) and (i),
# (). 7. Why ‘Kelvin scale of temperature’ is called ‘Absolute seale of temperature’ ? What are the reference points
on this cale.

Ans. On the Kelvin scale of temperature, zero point is the lowest possible temperature whereas on the celsius scale,
Zero paint is only with reference to ice point. Hence the former is called absolute scale. The reference points
are absolute zero of temperature and the triple point of water (0-01°C or 27316 K).

¢). 5. Can the absolute value of internal energy be determined ? Why or why not ?
Ans. No, because it is the sum of different types of energies some of which cannot be determined.
(J. V. Onemole of CO, at 300 K and 1 atm pressure is heated in a closed vessel so that temp. is 500 K and pressure
is 5 atm. Then it is cooled so that temp. is 300 K and pressure is 1 atm. What is the change in internal energy
of the gas 7
Ans. No change because internal energy is a state function.
(). 1) Water decomposes by absorbing 286 2 kJ of electrical energy per mole. When H, and O, conbine to form one
mole of H, 0, 286 -2 k] of heat is produced. Which law is proved ? What statement of the law follows from it ?
Ans. Law of conservation of energy or 1st law of thermodynamics. Del. Energy can neither be created or destroyed,
although it may be converted from one form to another.
7. I 1. Neither g nor w is a state function, yet ¢ + w is a state function. Explain why.
Ans. ¢ + w = AE and AE is a state function.
{J. 12, Why heat is not a state function ?

Ans. According to first law of thermodynamics, AE = g + w or g = AE - w. As AF is a state function but w is not
a state function, therefore g is also not a state function.

(2. |.2. Why absolute value of enthalpy cannot be determined 7

Ans. As H = E + PV and absolute value of internal energy, E cannot be determined, therefore absolute value of
H cannot be determined.
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Ans.

Q.16

Ans.
o B

Ans.

Q0. 1%

Ans.

Q. 1.

Ans.
Q. 20,

Ans.

L )

Ans.

Ans,

Ans,

What is the relation between AH and AU ? Under what condition, the two are equal ?

. AH = AU + PAV = AU + An, RT. Yor conditions see page 5/14.

Explain why heat capacity is not a state function.

Heat capacity (C) = qu As ‘g’ is not a state function, therefore C is also not a state function.
Derive that for an ideal gas, C, =dE /dTand C, = dH 7 dT.

See page 5/17.

Specific heat of Li (s), Na (5), K (s), Rb (5) and Cs (s) at 398 K are 3:57, 1:23, 0-756, 0-363 and 0242

J g_1 K1 respectively. Compute the molar heat capacities of these elements and identify any periodic
trend. If there is a trend, use it to predict the molar heat capacity of Fr. {N.CERT)

Molar heat capacity = Specific heat x Molar mass

Hence for Li, Na, K, Rb and Cs, their values (JK_1 mol_l) will be respectively

3.57x7=250, 1-23x23=28-3, 0.756 x39=29.5, 0-363 x 85 = 3086,

0-242 % 133 = 32-2JK ' mol ™.

Plotting and extrapotation gives 335 JK ™" mol ™! for Fr?2,

Is 9, always greater than g, ? Explain why or why not.

q, isnot greater than gq,, always. It depends upon whether An g is +ve or —ve ie. n,>n oOr n,<n,
(qp =q,* Mg RT)

In what form the energy is produced when petrol is burnt in the engine of a car or a scooter i

Partly as mechanical work and partly as heat.

What is the most important reaction that takes place in our body that maintains body temperature ?
Slow oxidation of carbohydrates.

Why some reactions are exothermic while some others are endothermic i

If the total internal energy of the reactants (Ep ) is greater than that of the products (Ep), the energy is released
and the reaction is exothermic. However if By < Ep, then energy is absorbed and the reaction is endothermic.

The reaction
N, (2 +0,(8)—>2NO (g) —180-7 kJ is......... thermic and ATl = .......k]

Endothermic and AH = + 180-7 kJ

- Will the heat evolved be same in the following two cases ?

@M@ +50,0— 0@ 6)H@+30,0— HOO

If not, in which case it will be greater and why ?
No. It will be greater in case {b) because when H,O (g) condenses to form H,O (J), heat is released.

. Which of the following is/are exothermic and which is/are endothermic ?

@ Cag— Ca®t @) +2e7 Oo@E +e — 0 ()

GNP~ (g +e” — N ()

(/) Endothermic (ionization energy is required)

(i) Exothermic (first electron affinity is energy released)

(i) Endothermic (higher electron affinities are energies required).

The products of combustion of 6 g cabron contained 50% CO, and 50% CO. The heat evolved was 126 kJ.
Calculate the enthalpy of combustion of carben. Given that the enthalpy of formation of CO is —110-5k]
mol ™1,

Heat evolved from the combustion of one mole of C to form 50% CO, and 50% CO = 2 x 126 = 252kl

Suppose heat evolved from combustion of 1 mole of C to CO; =xkJ

L1
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Q. 26.
Ans.

Q.27

Ans,
Q. 28.

Ans.

Q. 29.
Ans.

Q. 30.

Ans.

Ans.

Q.32

Ans.

Heat of evolved from % maole = %kj

Heat evolved from combustion of 1 mole of C1o CO = 1105 kJ

. Heal evolved from % mole = 2 lg 5

=5525kl

> +55:25=252 or x=2393-5Kk) mol~".
The enthalpy of combustion of glucese (C;H,,0) is 2840 kJ mol . What is its calorific value ?
Molar mass of glucose (CgH,,0¢) = 180 g mol ™!

2840 kJ mol !

180 g mol~!
Heat of dissociation of acetic acid is 1-9 kJ mol ™. How much heat will be evolved when one mole of acetic
acid is neutralized by NaOH solution ?
571—1-9=55-2K
Fill in the blanks.

(i) The dissolution of CuSO, is ....... thermic while dissolution of CuS0, . SH,0 is ........ thermic.

. Calorific value = =15-78 kJ g_l

GiY AH, imaion = SHiuston F seesmnin

{éii) The enthalpy of solution of BaCi, (s) and BaCl, . 2H, 0 (5) are x and y kJ mol ™! respectively. Then
enthalpy of hydration of BaCl, will be.........

(i) exothermic, endothermic () AHypporisation  (40) (v = ¥) kT mol ™\,

Why bond energy is taken as an average value ? Explain with a snitable example.

The bond energy of the same bond in different polyatomic molecules is not same e.g. bond energy of C—Cl
bond in CH,Cl, CH,CH,Cl etc. is not same. Even in the same polyatomic molecule like CH,, the bond

energy of all the four C—H bonds is not sanie. Hence an average value is taken.

Give appropriate reasons for the following :

(¢) 1t is preferable to determine a change in enthalpy than change in internal energy.

(i) Tt is necessary to define the ‘Standard state’.

(éif) It is necessary to specify the phases of the reactants and products in a thermochemical equation.
(NCERT)

(i} Change in enthalpy is the heat evolved or absorbed at constant pressurc. As most of the reactions are carried
out in apen vessels Le. at constant pressure of one atmosphere, hence change in enthalpy is preferred.

(i) This is because the enthalpy of a reaction depends upon the conditions under which the reaction is carried out.
(éif) The enthalpy change of a reaction depends upon the physical state ©f the reactants and products e.g.
standard enthalpy of formation of water is not same for H; O (g) and H, O ).

The enthalpy of neutralisation of acetic acid by KOH is —55 -8 kJ mol ~ ! while that of hydrochloric acid by
KOH is —57-3 kJ mol 1, Why are they different and what does the dilference represent? (N.C.E.R.T)

Heat of neutralisation of acetic acid is less than that of HCI because acetic acid is a weak acid and does not
ionize completely. Some heat is used up for the ionization of acetic acid. The difference represents the enthalpy
of ionization of acetic acid.

What is the basic difference between enthalpy of formation and enthalpy of reaction ? Illustrate with
suitable examples. (NCERT)

(¢) Enthalpy of formation is enthalpy change for the formation of 1 mole of the substance from its elements.
For example, let us consider the following two thermochemical equations :

1
Hy@+50,@ —H0@,  AH°=-2858 kI mol™

and 2H, (g) + 0, @ — 2H,0(), AH°=-5716 kI mol”!
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Ans.

Ans.

Ans,

In the first case, AH® is enthalpy of formation of H,O (/), while in the second case, it is enthalpy of reaction.

(i) Enthalpy of formation is for the formation of 1 mole of the substance from its elements cnly. For example,
we have

CaO (s) + CO, (§) —> CaCOj (s), AH® = — 1783 kI mol ™!

As 1 mole of CaCOj (5) has been formed from CaO (s) and CO, (g) and not from its elements, AH® is not
enthalpy of formation. It is simply enthalpy of reaction.

Why in a reaction enthalpy change is always written per mole even if two or more moles of a reactant or
product are present in the balanced equation ?

This is because if the units are multiplied by a number, the units do not change.

One kg of graphite is burnt in a closed vessel. The same amount of the same sample is brunt in an open
vessel. Will the heat evolved in the two cases be same ? If not, in which case it would be greater ?

Same in both cases because Ang =0.

Why standard heat of formation of diamond is not zero though it is an element ? (H.S.B. 1997)

The standard state chosen for carbon is graphite and not diamond because graphite is more common and
stabler form of carbon in the standard state.

@. Is the bond energy of all the four C—H bonds in CH, molecule equal ? If not then why ? How is the C—H

Ans.

Ans.

bond energy then reported ?

No because after breaking of C—H bonds one by one, the electronic environments change. The reported value
is the average value of the bond dissociation energies of the four C—H bonds.

The enthalpy change for the reaction N, (g) + 3 H, (g) — 2 NH,4 (g) is ~ 92-2 kJ. What is the enthalpy of
formation of ammonia ?
et 3 S
A]m:ZNZ (g) < THZ (g)—' NH3 (g), AHf =7
Given: N, (g) + 3 H, (§)—> 2NH, (g), AH,* = — 92-2kJ

" 92-2
- AH[ (NH3) = — =5 =-—46'1KJ.

2. 1#. What is the basis of Hess’s Law ?
Ans.

Hess’s law is based upon the fact that enthalpy is a state function i.e. enthalpy change depends only upon the
initial state (i.e. enthalpy of the reactants) and the final state (i.e. enthalpy of the products) and does not depend
upon the path followed.

. Write the standard state for each of the following in which AH f° is taken as zero : Carbon, Sulphur and

Ans.

Bromine.

. C (graphite), Sg (Rhombic) and Br, (J).
.. Given that :

0@ +e”— 0 (g),AH=—142kImol ! and O (g) + 2¢™ — 0¥~ (g), AH = + 712 kJ mol !

What will be AH for 0™ (g) + ¢~ —> 02~ () ?
The second reaction takes place in two steps as :

O +e — O (g),AH = AH,;, O™ (g) +¢~ — 0?7 (g), AH = AH,

Hence AH; + AH, = + 712 <
But AH, = — 142 kJ mol ™! (Given)

.~ 142+ AH, = + 712 or AH, = 854k} mol~!

Alternatively, subtract Ist eqn. from 2nd eqn.

i Calculate the enthalpy of vaporisation of water at 25°C and 1 atm pressure. Given that the standard

enthalpies of formation of H,0 (/) and H,O (g) are - 285-8 and — 241 -8 kJ mol ™! respectively.
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Ans. Aimi : HyO () — H,0 (g), AH® = 7
AH® = AHZ (Hy0 (@) - aH S (H,0 () = - 2418 - (- 285 8) kI mol ™! = 44 kJ mol ™.
Q.43 AHf" for freon, CHCIF; is — 480-0 kJ mol~ ). Represent it by thermochemical equation.
1 i n =
Ans. C{s) + 5-Hy (&) + 3 Ch ) + F () — CHCIF,, AH,* = - 480 -0 kJ mol ™",

). 43, Why is AU = 0 for isothermal expansion of an ideal gas ?

Ans. For an ideal gas, the internal energy is a funcuon of temperature only. During isothermal expansion, as
temperature remains constant, there is no change in internal energy ie. AU = 0.

(). 44, Why standard enthalpy of formation of elementary substances is taken as zero ?
Ans. Enthalpy of formation is the heat change involved in the formation of one mole of the substance from its
elements. An element formed from itself means no heat change i.e. AH = 0.
(). 45 The specific heat of a gas is found to be 0-075 calorie at constant volume and its formula weight is 40. What
is the atomicity of the gas ?
Ans. Molar heat capacity, C, = 0-075 x 40 calorie = 3 cal mol ™!

CP =C,+R=3+2calmol™! =5 calmol”}
wy=1C,/C, =5/3 = 1-66. Hence the gas is monoatomic.

Veryf? hDrTAﬂ ‘-”WE_Ff,Q\HE? g;__t}_i_o NS CARRYING 1 MARK

Q. 1. Under what condition, the heat evolved or ahsorbed is equal to the internal enerpgy change ?
Ans. When the volume remains contant
Q. 2. Under what condition, an extensive property can become intensive ?

Ans. An extensive property becomes intensive when unit amount of the substance is taken ¢.g. mass and volume
are extensive but density (mass per unit volume) and specific volume (volume per unit mass} are intensive.

Q. 3. Why we usually study enthalpy change and not internal energy change ?
Ans. Because most of the processes (reactions) are carried out in open vessels i.e. at constant pressure ( = 1 atm)
Q. 4. What are the conditians for expressing standard enthalpy change ?
Ans. 25°C( 298 K} and one atmospheric pressure.
C. 5. What is the sign of AH for endothermic reactions and why ?
Ans. AH is positive because AH = H, - HgpandHp < H,
Q. 6. What is the relationship between standard enthalpy of formation and the enthalpy of a compound ?
Ans. They are equal.
Q. 7. What is the value of enthalpy of neutralization of a strong acid by a strong base ?
Aas. —57.1kJ
Q. 8. Why enthalpy of neutralisation is less if either the acid or the base or both are weak ?
Ans. A part of the heat is used up for the dissociation of the weak acid or the weak base or for both if they are weak.
Q. 9. Why enthalpy of nentralisation of HF is greater than 57-1 kJ mol ™' 2
Ans. This is due to high hydration energy of fluoride ions.
Q. 10. What are specific lreat capacity and molar heat capacity for water ?
Ans. Specific heat capacity for H,O =418 JK ™! moi ™!

Molar heat capacity for HyO = 418 x 18 = 75-24 JK ~ ot~ L,

Q. 11. What is the law called which states that the total enthalpy change in 2 chemical reaction is always same at
the sume temperature
Ans. Hess’s law of constant heat summation

Q. 12. What are renewahie sources of energy ?
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Ans. Those which are produced continuously in nature and are inexhaustible e.g- wood, solar energy €tc.
Q. 13. What is SI definition of one Kelvin ?
Ans. One Kelvin is 1/273- 16 of the triple point temperature of water (viz 273-16 K).
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 GARRYING 2 or 3 MARKS

What do you understand by open, closed and isotated systems ? Illustrate with suitable examples.

What are extensive and intensive properties ? Give two examples of each.
Classify, giving reason, the following into intensive and extensive properties :
(i) Entropy (if) Viscosity (#i) Heat capacity ~ (iv) Surface tension  (v) Vapour pressure
(vi) Refractive index
How will you distinguish between the two
(1) open and closed system
(ii) extensive and intensive properties ?
Define Zeroth Law of Thermodynamics. How has it been useful in the measurement of tempera-
ture ?

Explain, giving reasons, which of (he quantities out of internal energy, heat and work are state
functions and which are not.

Derive an expression for the work of expansion of a gas (w = —PA V).
(a) Show that the pressure volume work, W = —PAV.
(b) List the important sign conventions for heat and work.

What do you mean by law of conservation of energy ? Write a mathematical relationship between
heat, internal energy and work done by the system.

State the law of conservation of energy and give a mathematical expression for it. Mention also two
examples (o support the law.

How can you justify that though g and w are not state functions, yet (g + wy) is a state function ?
Discuss the significance of the mathematical expression in which the heat absorbed by a system is
related to interal energy and work done by the system.

Describe the 1st law of Thermodynamics.

State the first law of thermodynamics and derive a mathematical expression for it.

What do you understand by ‘Enthalpy’ and ‘Enthalpy change' ?

Starting with the thermodynamic relationships AE = ¢ — PAV and H = E+PV, derive relationship
AH = qp

Starting with the thermodynamic refationsip H = E + PV, derive the following relationship :

AH = AE + (A#) RT

Derive the relationship between heat of reaction at constant pressure, g, and heat of reaction at
constant volume, g,,. or Derive the following equation AH = AE + (An) RT.

What is meant by C, and C,, ? Derive the reaction C, — €, = R.

‘What is the origin of enthalpy change in a chemical reaction 7

Give some examples to show that different types of energies are evolved or absorbed in different
reactions.

What are exothermic and endothermic reactions ? Explain with suitable exaniples.

Why enthalpy change is negative for exothermic reactions while it is positive for endothermic
reactions”?

What do you understand by a thermochemical equation ? Can we use fractional coefficients in such
an equation ?

Define ‘Enthalpy of reaction’. On what factors does it depend ? What happens to the value of the
heat of reaction if the reaction is reversed ?
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Sec 504026, Define the following :

See. 5.16.
Sece. 817,
Sec. 5.18.
Sec. 5.19.

to §.21.

See. 522,

Sec. 5.
Sec. 5.2,

Secs5a
to 54.
SecS.S

to 5.6

Sec 5.7,
to 5.8,

Sec. 5.9,

Sec, 50000

Sec f1 1.

27.

18,

29,

31.
32.

33.

3s.

36,

L

1.
2

10,

ong Answe

(¢) Enthalpy of combustion, (i) Enthalpy of formation, (i) Enthalpy of neutralization,
(tv) Enthalpy of vaporisation.
Fill in the blanks :—
() Hy@) + CL (§) — 2HCl(g) + 185 kJ
This reaction is ..... thermic (exo or endo), AH = ... kJ
@) Hy@ + %02(8) — H0@, aH= 286K
2Hy@) + 0508 — 2H,0(h..kI (2 )
(ui) CH, (g)+20, (8) — CO, (8) +2H,0 (g), AH= —809kJ
The calorific value of 1 kg of CH, (g) is ... kJ/kg.
(M) Cs) — C(g), AH =716.7kJ, AH is the heat of .... of graphite
(v} H;O(g) — H,O (), AH =—40.7kJ, AH is the heat of .... of steam.
(v) Enthalpy of neutralization of H,SO, with NaOH is the amount of heat evolved when 1 mole of
NaOH is neutralized by .... mole of H,80,.

Expiain why the enthalpy of neutralization of a strong acid with a strong base is always same while it
is less if either the acid is weak or the base is weak.
How is enthalpy of sublimation retated to enthalpy of fusion and enthalpy of vaporisation ?

. State and explain Hess’s Law of constant heat summation.

Define ‘bond energy’. What is the origin of enthalpy change in a chemical reaction ?
Briefly explain the various sources of energy.

What are fossil fucis ?

Justify the statement that ‘Sun is the ultimate source of cnergy.

Whalt are renewable and non-renewable sources of energy ? Why is there a likelihood of energy
crisis ?

List some practical suggestions for the conservation of energy.

rQuestions CARRYING 5 oriore MARKS
R . .

N N R S e A

Define ‘thermodynamics’. Briefly describe the importance and limitiations of thermodynamics.
Define the following terms :

(¥) System (i) State variables (iif) State function (iv) Extensive and intensive propertics (v) Isothermal
process (vi) Adiabatic process (vii) Reversible process (viii) Internal Energy.

State and explain Zeroth Law of Thermodynamics. ;

Briefly explain the terms internal energy, work and heat. How are they interrelated ? Justify that
internal energy is a state function but work and heat are not.

State and explain the ‘First law of thermodynamics’.
Bricfly explain the terms Enthalpy and Enthalpy change. How is it related to the internal energy
change ? Derive the relationship.

Derive the refationship between heat of reaction at constant pressure and that at constant volume,
Under what conditions are the two equal to each other ?

Define the terms ‘specific heat’ and ‘molar heat capacity’. Name the two types of molar heat capacities,
Derive the relationship between them.

Define ‘Energetics’. Explain with suitable examples. What are the different modes of transference of
cnergy between the system and the surroundings ?

What are Exothermic and Endothermic reactions ? Give three examples of each type. Explain the
sign of AH for these reactions.
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Sce. 5.13. 11. Explain the term ‘Enthalpy of Reaction.” What are the factors on which the heat of reaction
depends ?
Sec. 5.14. 12. Define and explain the following terms :
(i) Enthalpy of combustion (ii) Enthalpy of formation (iii) Enthalpy of neutralisation
(iv) Enthalpy of solution (v) Enthalpy of hydration
Sec 515, 13. Briefly explain how the following heats of reaction are measured experir.ientally :
(@) Heat of reaction at constant volume (or internal energy change) (b) Heat of neutralisation.
See, 5.16. 14. Explain the following terms :
(¢) Enthalpy of fusion (i) Enthalpy of vaporisation (iii) Enthalpy of sublimation.
See 5.17. 15. State ‘Hess’s law of constant heat summation’. How does it help in the calculation of
(i) heat of allotropic transformation ? (i) heat of hydration ?
See.5.1%. 16. Define ‘Bond energy’. How does it help in the calculation of enthalpy of reaction ?
Gee5.19. 17, List the various sources of energy. Briefly explain each one of them. Explain that sun is the ultimate
to 5.21. source of energy. How polilution is caused by the consumption of fuels ?
See. 5.22. 18. Why there is energy crisis if energy is conserved in nature ? Give some practical suggestions for the

conservation of energy.
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1. Entropy (S) and Gibbs Free Energy (G). Entropy (S) is a meavure of randomness of a system. The change
in entropy during a process is equal to the heat absorbed isothermally and reversibly during a process divided by

the absolute temperature at which heat is absorbed ie. AS = g, ., / T. Its units are JK ! mot ~1,

Gibbs free enerygy (G) is another thermodynamic quantity related to the enthalpy and entropy of the system
according to the equation G = H—TS. The change in its value during an isothermal process is given by
AG = AH - TAS.

2. Spontaneous process. A process which can take place by itself or by initiation independent of rate is called
a spontanecus process or a feasible process. For a process to be spontaneous, AG is —ve.

3. Application of First law of Thermodynamics to different types of processes
(¥) For an isochoric process. As volume is kept constant, AV = 0. Hence AE = g — PAV becomes AE = o
(ii) For an isobaric process. As pressure is kept constant, AE =¢ p—PAV ie ¢, =AE+PAV=AH

(iit) For an isothermal process. Al constant temperature, for ideal gas, AE = 0. As already derived in the text
v P
; =, 2 1
under this condition. w,, = -2-303n RT log L —=2:303n RT log 7,
(iv) For an adiabatic process. Asdq =0,
dE = 6q + éw gives dE = dw.
Bu 9E-C, or dE-C,dT.
Hencedw = C,dTfor 1mole or  éw =nC, dT for n moles.

]
-~ Total work done, w= | nC,dTl =nC, (T, - T,

€
g i Sipe 2 udRY j 2 AsERS JosR
Further C‘D - C, = R. Dividing by C,,, o} 1= € o y—-1= E: Or- = =T
T "R (T - Ty)
Substituting this value, we get w = o=

Thusif T, > Ty, w = +ve Le. work is done on the system
It T,< Ty, w =—ve ie. workis done by the system.
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2. Theratio C, / G, represented by y is as follows:

Nature of the gas : Monatomic Diatomic Triatomic
(He, Aretc.) (H,, O5, CO etc) {CO,, H,S etc.)
7=Cp/Cv 3 1-66 1-40 1-30
4. Relationships between P, V and T for adiabatic expansion of an ideal gas
PV? = constant ISOBARIC
or P,V{ = PV} T
w ) .I'.S‘G
T PU—¥Y = constant T E THeg
)]
1-y)y _ 1—y)/ w
or T, P{t~"Y =T, P{I-1¥ 4 g 40%%
TV?~! = constant &
ar T,V =T,V

5. Graphical representation of four basic thermodynamic processes. ~ YOLUME—
6. Lavoisier and Laplace law. This is another law of thermochemistry which was put foward before Hess’s
law, It states as follows :
The enthalpy of decomposition of @ compound into its elements is equal to its enthalpy of formation but with
opposite sign e.g.,
C(s) + O5(8) — CO,(g), AH = —393-5kJ
CO,(g) — C(5) + 05(®), AH = +393.54]

7. Cyclic process. If a system returns to its original
state after undergoing 2 number of successive changes, it
is said to be a cyclic process. The most common example
of such a process is that of Carnot cycle which consists of
the following four stages : VOLUME =—p=

I. Isothermal expansion

I1. Adiabatic expansion

I1I. Isothermal compression

TV. Adiabatic compression.

ie. AP, V), T — B(Py, Vo, T))— C(P3, V3, T)— D (P, Vg, T)) — A (P}, Vy, Ty)

It may be noted that the internal energy change or enthalpy change or entropy change ina cyclic process is
zZero.
8. Conversion of heat into work—Carnot heat engine. The fraction of the heat absorbed by a machine that
is converted into work is called the efficiency of the machine. It is given by
w -9 T,-T

TeT Ty
where Q, = heat absorbed from the source at temp. T,
Q, = heat rejected to the sink at temp. T,

PRESSURE —

ciVa)
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Ans.
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. How can you justify that the work done in the

reversible expansion of a gas is the maximum
work obtained from the system ?

Work done in the reversible expansion of a gas is
given by
Wa=-P_, AV

ext
For the expansion of the gas, the external pres-
sure (P.,,) has to be less than the internal pres-
sure of the gas. However, for reversible
expansion, P, should be infinitesimally smaller
than the internal pressure. In other words, for
reversible expansion, P,,, is the maxirum value
of external pressure. Hence for a given change of
volume (AV), P_ AV is the maximum value.

Thus

2

wl'c\' = wI'IIII

- A system is changed from state I to state II by

two different paths. In the first path AH = q.
Comment on the value of AH and g by the second
path. Give reasons for your answer.

AH by second path will be same as in the first path
because AH is a state function. However, g will
not be same by second path because it is not a
state function.

. 'What is the difference between bond energy and

bond enthalpy ?
H, &)

Explain taking example of

. Refer to page 5/42.
. What is difference between heat and work ? For

what type of processes the two become equal ?

Ans. Difference between heat and work. Refer to page

Ans.

5.

Condition under which g = w. From first Jaw of
thermodynamics AE =g +w. Thus ¢ =w in
magnitude when AE = 0. This happens during
the isothermal expansion of an ideal gas.

. Why temperature falls during adiabatic expan-

sion of a real gas but remains constant during
adiabatic expansion of an ideal gas ?

In the adiabatic expansion of a real gas, some
work is done in overcoming the intermolecular
forces of attraction. This work is done at the
expense of internal energy which therefore falls.
As internal energy of a gas is a function of
temperature, hence the temperature falls. In case
of ideal gases, the forces of attraction between the

Q.7

R e R e

molecules are negligible. Hence no work is done
to overcome the intermolecular forces of attrac-
tion. As aresult, internal energy remains constant
and so is the temperature,

. Show that in the isothermal expansion of the

ideal gas, AE = 0 and AH = 0.
(¥) For one mole of an ideal gas, C,, = ET

or dE=C, dT

For a finite change, AE = C, AT

For isothermal process, T = constant so that
AT = 0. Hence AE = 0.

() H=E+PV AH = AE + A (PV)
=AB + A(RT) =AE + RAT. But AE =0
(proved above) and AT =0 (for isothermal
process). .. AH =0.

In what way internal energy is different from

enthalpy ? Explain both the terms with suitable
examples. {(N.C.EER.T}

Internal epergy (U) is the energy stored in a
substance the change in whose value during a
process is equal to the heat evolved or absorbed
if the process is carried out at constant volume or
is not accompanied by any change in volume ie.
AU = g,. Enthalpy (H} is the encrgy stored in a

subtance in the form of heat. That is why it is also
called heat content of the substance or system.
The change in its value during a process is equal
to the heat evolved or absorbed if the process is
carricd out at constant pressure Le. AH = g P

The two are related as H=U+ PV or
AH=AU+AngRT.

ThusifAn‘ =0, AH = AU.
IfAn is +ve (e My > 1) raseons AH > AU
[fAn, = —ve (ie Ry <) rveous AH < AU.
For example, for the reaction

N, ®+ 0, —2NO (),
Ang =0, therefore, AH = AU. For the reaction
CH, (&) +20,(g)— CO, (g) + 2 H,O ()
Ang =1-3= - 2ie therefore, AH < AU.

For the reaction,
CaC0, 5) — Ca0 (s) + CO, ()

An'=l—0=]£e.ilis +ve. Hence AH > AU.

. Why should there be energy crisis when law of

conservation of energy holds good ?
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Ans. Nodoubt, the law of conservation of energy holds
good but the only problem is that the combustion
of fuels is a one way process Le. either the
products of combustion are not converted back
into the original substances at all or they are
converted back at a rate much slower than the
rate of their consumption. For example, coal
burns to from CO, but CO, is converted back

into carbon by nature through photosynthesis at
a much slower rate.

B PROBLEMS

Problen: . How long will a 2 kW heater take to boil
2 L of water taken at 25°C ? Given that the average
specific heat of water in the range 25°C - 100°C is

4184 JK"1g7L

Solution. 2 L of water =2000cm>=2000g
(@du0=18 e

. Heat required by 2 L of water 10 raise ils

temperature from 25°C to 100°C

=m X C x AT

= (2000 g) x (4-184 JK ' g~y x (100 - 25)K

= 627600 1

Heat supplied by 2 kW heater = 2000 Js ™'

Co1W=1J"h
.. Time required to supply the required heat
o 627600-]1 ol
2000 Js
= 5min 14 s.
Froblem 2. Given that the enthalpy of formation of

H,O (J) is — 68 keal mol ™. Calculate the enthalpy of

formation of OH™ (ag) ions.

Solution. For neurralization reaction, we know
that

H* + OH™ — H,0, AH = — 137 keal
Thus _AH pegetion = [AH, (H;0)]
- [AHS (H™) + AHS (OHT))
But AH/ (H") = 0 (by convention)
s =137 keal = [~ 68 keal] — [0 + AH/ (OH™)]
or AHy (OH ) = — 68 + 137 keal

= — 543 keal mol ™ 1.
Problem 3. Calculate the standard internal energy
change for the reaction OF,(g)+H0() —

0, (g) + 2 HF (g) at 298 K, given that the enthalpies of
formation of OF, (g), H,0 (g) and HF (g) are + 20,250

and — 270 kJ mol ! respectively.

Solution. Step 1. Calculation of standard enthalpy
of reaction
AH" = ZAH 7 (Products) ~ ZAH” (Reactants)
=[AHS(Oy) + 2 AHf" (H)]
: — [AHf (OFy) + AH/® (H,0)]
S04 2 (= 270)] — [+ 20 + (- 250)] k) mol ™"
= — 310 kJ mol L.

Step II. Calculation of standard internal energy
change

For the piven reaction,
Ang=(1+2)-(1+1)ml
AH® = AE® + Ang RT

or AE°=AH®-An, RT

=(-310kImot™ 1) = (1)
(8314 x 103 kJ K™ moi ™!y (298 K)
= — 31248 kJ mol™ .

Pronlent 4. Calculate the work done when 11-2 g of
iron dissolves in hydrochloric acid in (/) a closed vessel
(if) an open beaker at 25°C (Atomic mass of Fe = 56 u).

Solution. Iron reacts with HCI acid to produce
H, gas as
Fe (5) + 2 HCI (aq) — FeCl, (aq) + Hy (@)

Thus 1 mole of Fe ie. 56 g Fe produce H, gas = 1
mole

-~ 11-2 g Fe will produce H, gas

1
-5—6! 11:2 =0-2 mole.

(i) If the reaction is carried out in a closed vessel,
AV =0
w=-P,_aAV=_0

ext
(#) If the reaction is carried out in open beaker
(external pressure being 1 atm}
Initial volume = 0 (because no gas is present)
Final volume occupied by 0-2 mole of H, at 25°C
and 1 atm pressure can be calculated as follows :

PV=nRT - V=28

_ 0-2mol x0-0821 Latm K™ mol~! x 298K
T 1atm

=489L
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LAV = Vg = Vinitial =4-89L

w==P AV =—1atm x 4-89L atm

ent

—4-89 L atm
=—4-89x101:3]=—-495-4]

Problen: 5. Caleulate AU and AH in calories if one
mole of a monoatomic ideal gas is heated at constant
pressure of 1 atm from 25°C to 50°C.

Solution. For monoatomic ideal gas, C, = 3 R

AH
G

:- AH = C, AT mo! ™! (or n C,, AT for n moles)

=%x 1-987 X 25 = 124 -2 cal

Work done,
w=-PAV=-P(V,-V)

= —(PV,-PV)= - (nRT, - nRT,)

= -nR (T, -T))
= -1 %1-987 (323 — 298) cal
=—49-7 cal
AE =g +w
=124:2 — 49-7 cal = 74-5 cal.

Problen 6. 10 moles of an ideal gas expand isother-
mally and reversibly from a pressure of 5 atm to 1 atm
at 300 K. What is the largest mass that can be lifted
through a height of 1 metre by this expansion ?

P
Solution. w,,, = - 2-303 2 RT log FI
S s o 2

=~ 2:303 (10 mol) X

(8314 K~ " mol™! (300 K) log%

=-40-15 x10°J

If M is the mass that can be lifted by this work,
through a height of 1 metre, then

work done = Mgh

4015 x 1P T=Mx98Ims Zx1m

4015 x 1P kgm* 52
9 18ms~2x im

= 409276 kg.

orM =

(J=kg mzs'z)

Problen: 7. The enthalpy change for the reaction
Zn(s) + 2HY (@g)— Zn* (ag) + H, )

is - 154-40 kJ mol ™. The formation of 2 g of
hydrogen expands the system by 22-4 litres ot 1 atm
pressure. What is the internal energy change of the
reaction 7

Solution. Taking the initial volume as negligible,

change in volume during expansion (AV) = 22-4 L. Ex-
ternal pressure (P,,,) = 1 atm
AH = AE + PAV
or AE = AH - PAV
PAV = ] atm x 22-4 L = 22-4 L atm
=22:4X101-3]=2307]=2-31%k)
. AE= —-154-4 ~2-31 = - 156 71 kJ.
The heat of formation of
(5) CO;4 (g) from its elements is +94-4 keal

(i) CuO () from its elements ts 151 -8 keal, and

(ii{) The heat of reaction between CuO (s) and
CO, (g) is +42-25keal, Calculate the heat of formation

of CuCO, (s)- (I.S.M. Dhanbad 1987)
Solution. We are given
(HyC ) + 05 (8)— CO, (g), AH= —94-4 kcal

(i) Cu (5) + 30, @) — CuO (s),

AH = —151 8 kcal
(iif) CuO(s) + CO, (g) — CuCO; (5),

AH = —42-25 keal
We aim at

Cu (9) + C (5) + 303 (§) — CuCO, ),

AH =7

Eqn. (i) + Eqn (if) + Eqn. (i) gives the required
result. {AH = —288-45 kcal)

froblenr 9. The molar heat of formation of
NH,NO, is —367-54 k] and these of N,0(z) and

H,0(l) are 81-46 kJ and —285-78 kJ respectively at
25°C and 1 atm pressure. Calculate AH for the reaction
NH/NOy(s) — N;0() + 2H,0())
(Bihar C.E.E. 1997)
Solution. AH®p,.4i0n = Z AH®(Products)
— AH*; (Reactants)
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= [AH*(N,0) + 2 x AH*,(H,0)} -
=81:46 + 2 X (— 285-78) — (— 367-54)

° (NH,NOy)

= — 122-56 kJ mol ™!

Problern 10, Calculate the heat of combustion of
methane at 25°C. The mean bond energies for the C—H,
0=0, C = 0 and O—H are respectively 415, 498, 803
and 463 kJ mol L. (C.E.E. Bikar 1998)

Solution. We aim at
CH, (g)+2 0, () — CO, (&)+2 H,0 (), AH=?
H
orH—JJ—-H @+20=0@F—
IL
0=C=0() +2H—O0—H(),aH =?
AH g,oction = = B.E- (Reactants) — = B.E. (Products)
=[4 xB.E.(C—H) + 2 X BE.(0=0)]
~[2x BE.(C=0)+4xBE (O—H)
= (4 X415 +2 % 498) — (2 % 803 + 4 > 463}
= 2656 — 3458 = —802KkJ

Proslers 11, A chemist while studying the proper-
tles of gaseous CCLF, a chlorofluorocarbon

refrigerant cooled a 1-25 g sample at constant atmos-

pheric pressure of 1 -0 atm from 320 K to 293 K. During

cooling, the sample volume decreased from 274 to 248

mL. Calculate AH and AU for the chlorofluorocarbon
for this process. For CCL,F,, C’ = 807 J/(mol K).

(NC.ER.T)

Solution. AH =g, and CP is heat evolved or ab-

sorbed per mole for 1° fall or rise in temperature. Here,
fall in temperature = 320—293 = 27 K.

Molar mass of CCL,F, = 12 + 2 x 35.5+2x19

=121 gmol '

.. Heat evolved from 1-25 g of the sample on
being cooled from 320 K to 293 K at constant pressure

807 45

Further AH = AU + PAV = —22-51]

PAV = ] atm x 24816;)374 L=—=0:026 1L aim

=—0-026x%101:325J =—2-63 1
—-22:51 =AU —2-63}
or AU =-22-51+2-631=—19-88]

Problesn 12, When 10 g of anhydrous CaCl, is

dissolved in 200 g of water, the temperature of the
solution rises by 7-7°C. Calculate the heat of hydration
of CaCl, to CaCl, . 6 H)O. Given that the heat of dis-

solution of CaCl,.6 H,0 is 19-08 kJ mol ™!, Assume
specific heat of the solution to be same as that of water
ied-184Jg ' K™L

of ankydrous CaCl,
Molar mass of CaCl,

=40 +2 X355 =111 gmol™ !

Heat evolved in dissolution of 10 g CaCl, in 200 g
water=m xXc X Af
=200 x4-184 x7-7J
.. Heat of dissotution per mole

200 X 4-184 x 77
" 104 77 1117

71-52 kJ

ie. AH 4o, (CaCly) = — 71-52 kI mol™ !

Step IL. Calculation of heat of hydration.
Aim : CaCl, (5) + 6 H,O () —>CaCl, . 6 HyO (5)

We have :
AH g, (CaCly) = — 7152 kT mol™!
(Calculated above)
AH g, (CaCly .6 H,0) = 19-08 ki mol ™!
(Given)

i.e. (i) CaCl, (5) + ag — CaCl, (ag),
AH, = - 71-52 kI mol ™
(if) CaCl, . 6 H,0 (s) + ag —» CaCl, (aq),
AH, = 19-08 kJ mol ™!
Reaction : (i) can be written in two steps as
CaCl, (%) + 6 H,0 (H)— CaCl, . 6 H,0 (s),
AH = AH,
CaCly . 6 I, 0 (s) + ag — CaCl, (aq),
AH = AH,
- AH, + AH, = AH; = — 7152 kI mol ™}
But AH, = AHj, = 19-08 k] mol ™"

AH, + 1908 = — 71-52 kI mol ™!

of AHy=—90-6kImol™".
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Problam {. In a pobar gas plant, pobar gas is
obtained by bacterial fermentation of animal refuse.
The main combustible gas present in the gobar gas is
found to be methane (80% by weight) whose heat of

combustion is 809 kJ mol”!. How much gobar gas
would have to produced per day for a village of 100
families if the average consumption of a family is 20,000
kJ per day to meet all its energy requirements,

Solution. Total energy requirement for 100
families per day = 20,000 x 100 kJ = 2 x 105 kJ
Methane (CH ,) undergoes combustion as follows :
CH, (8) +2 05 (g)— CO, (g) + 2 H,O (b,
AH = — 809 xJ mol ™'
For 809 kI of energy, CH, required = 16 ¢
(Molar mass of CH, = 16 g mol ™)

For 2 x 108 kJ of energy, CH, required

=26 o %105 =39-56 kg

BOY
As gobar gas contains 80% by weight of methane,
thercfore gobar gas required = % X 39-56 kg
= 49-45 kg.

#roblen 2. In an oven, due to insufficient supply
of oxygen, 60% of the carbon is converted to carbon-
dioxide whereas the remaining 40% is converted into
carbon monoxide. If the heat of combustion of carbon

to CO, is 394 k] mol ! while that of its oxidation to CO

is 111 kJ mol ™}, calculate the total heat produced in the
oven by burning 10 kg of coal containing 80% carbon by
weight. Also calculate the efficiency of the oven.

Solution. The reactions taking place in the oven
arcimiiy et

C(s) + 0, (8)— CO, (g) + 394 kI mol ™!

C ) + %02 (€ — CO (g) + 111 kI mot ™!

Carbon present in 10 kg coal

80
= 150 X 10 kg = 8 kg

Carbon converted to Cco,
60
=55 X B0 kg = 4B kg

Carbon converted to CO = —— x 8 kg =32 kg

R .SS Aﬁvﬁoxoxoxow

q
"\
=
N
3|
\*
2|
m
121
>
™

12 g ie 0-012 kg of carbon on'combustion to
CO, produce heat = 394 kJ
" 48 kg of carbon on combustion to CO, will

394
0-012

= 157600 kJ

0-012 kg of carbon on oxidation to CO produce
heal = 111 kJ

. 3-2kg of carbon on oxidation to CO will produce

produce heat = X 4-8

heat = olniz x32kJ
= 29600 kJ
. Total heat produced = 157600 + 29600 =
1,87,200 kJ

If oven were 100% cfficient, all carbon would have
been converted to CO,.

Heat produced from 8 kg carbon would have been

304N,
=303 X8 = 262,667kl
-'-%efﬁciency-%%—%%xloo=7l 3%,

Pregiio i Calculate the work of expansion when
100 g of water is electrolysed at a constant pressure of
1 atm and temperature of 25°C.

Solution. Electrolysis of water takes place as
2H,0¢) — 2H, (g) + 0, ()
Thus 2 molesof HyOle 2 x 18 = 36 gof H,O on
electralysis produce 2 moles of H, gas and one mole of
O, gas i.e. total 3 moles of the gases

. 100 g of water will produce gases

3
=3—6x 100 = 8:33 moles

Volume occupied by 8-33 moles of gases at 25°C
and 1 atm pressure is given by

n RT
V="
_ (8-33 mole) (0-0821 L atm K~ ' moi~ Y (298 K)
1 atm
=2038L

Taking the volume of liquid water as negligible
(being 100 mL 0-1L),AV =203-8L

7t B A

ext
=-1latm X203-8L = - 2038 L atm
=—203-8x10137=-206k)
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Work done in the expansion of an ideal
gas from 4 dm? to 6 dm* against a constant external
pressure of 25 atm was used to heat up 1 mole of water
at 20°C. What will he the final temperature of water.
Given that the specific heat of water
=4-184 Jg VK7L

Solution. As work is being done against constant
external pressure, the process is irreversible. Hence

w=—P,, AV
= —2-5atm ><(6-—4)dm3
= -5-0Latm (ldm*=1L)
= ~-5-0x101-37(1Latm=101-3J)
= - 50651

For 1sothermal expansion of ideal gas, AE = 0 s0
thatg = - w = 506-5 .
This heat is used up to heat 1 mole of water.
Applying the relation
g=mxcxAT
S06.5 = 18 x 4-184 x AT
or AT =6-725
- Final temperature
=20°C + 6-725 = 26-725°C
An intimate mixture of ferric oxide,
I'e, 04, and aluminium, Al, is used in solid fuel rockets.

Calculate the fuel value per gram and Fuel value per cc.
of the mixture. Heats of formation and densities are as
follows :—

AH (AL, Oy) = 399 keal/mol
Al (Fey05) =199 keal/mol
Density of Fe,0, = 5-2 gfec

Density of Al = 2-7 g/ce.
Solution. 'We aim at
Fe,0, + 2A1 —— 2Fe + ALO, , AH =7
= [2 x AH (Fe) + AH¢ (Al O3)]

- AHg (Fe,05) + 2 x AH; (AD)]
= (0 +399) — (199 + 0) = 200 keal

This is the heat change that takes place when
1 mole of Fe,0, and 2 males of Al combine

(LIT 1938)

AH reaction

ie (2x56 + 3x16) +2x27g =214 gofthe
mixture. Hence heat change per gram

200 4eerns
S 09346 keal
160
Further 160 gFe 05 = 575 = 30-77¢C
54
and 54g Al =5=cc=20cc

Total volume of the mixture = 5077 cc

0
Heat change per c¢ = #5757

= 3-939 keal
An athlete is given 100 g of glucose
{(CgH;;304) 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, calculate the
weight of water he would need to perspire. The enthalpy

Foailm, |

of evaporation of water is 44 kJ/mel. (ILT 1989)
Solution. Energy left unutilized = 1—526—0 IJ
= 780 kI
For losing 44 kJ of energy, water to be evaporated
=1mole=18¢g
-. For losing 780 kJ of energy, water to be evaporated
18 /3
= 47 X 7805 =319g

S'rutiicin 7. The standard enthalpy of combustion
at 25°C of hydrogen, cyclohexene (Cgllyy) and

cyclohexane (C H,,) are —241, —3%00 and —3920

kJ/mol respectively. Calculate the heat of hydrogena-
tion of cyclohexene.

(LLT 1989, 1L.S.M. Dhanbad 1992 ; Bilar C.E.E. 2003}
Solution. We are given

7y Hly gk, s L O et g
2t 39, 2

(if) CgHyg + 5 05 —— 60O, + 51,0,
AH = —3800kJ
(i) CgHyp + 905 —— 6CO; + 6H,0,
AH = —3920 k]
Weaimat CgH,g + Hy — CH,; AH =7
Eqn. () + Eqn. (i —Eqn. (i#i) gives the required
result. [Ans. —12 kT]
Hrobleo 8. Caleulate the standard heat of formation
of carbon disulphide (7). Given that the standard heats of
combustion of carbon (5), sulphur (s) and carbon disul-
phide (h are —393.3, —293.72 and —1108-76kJ
mol ~? respectively.
(Roorkee 1989)
Solution, We are given
HCH+ 0, — CO ()

AH = —393:3kJ
() S+ 0, @) — SO, (8)
AH =—293-72K

(i) C5, (Hh+30,() — CO, (8)+2804(8),

AH =~ 1108-76 kI
We aimat C(s) +28 (s) —— CS, (), AH =7
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Eqn. () + 2 x Eqn. (#) —Eqn. (i) gives the
required result [Ans. 128-02 kJ]

Prebian 9. A gas mixture of 367 litres of ethylene
and methane on complete combustion at 25°C produces
6-11 litres of CO,. Find out the amount of heat evolved

on burning one litre of the mixture. The heats of com-
hustion of ethylene and methane are —1423 and —891

kJ mol ™1 at 25°C.
(LT 1991)

Salution. Combustion reaction of ethylene and
methane are

CH, + 30, — 2C0O, + 2H,0, AH= —1423kJ
CH, + 20, — CO, + 2H,0, AH =—891kJ

Suppose volume of C,H, in the mixture = x litres.
Then volume of CH, in the mixture = (3-67 — x) litres

From the above reactions :—
1 litre of C,H, gives CO,

= xlitres of C,H, gives CO, = 2xlitres
1 litre of CH, gives CO, = | litre

2 litres

-+ (3:67 — x) lires of CH, gives CO,
= (3:67 —x) litres
Totai CO, produced = 2x + (3-67 ~x)
(3-67 +x) litres
3-67+x = 6-11
or x= 244
< 1litre of the mixture will contain C,H,

2 44 S
E m = 0-66 litre

and CH,= 1-10-66= 0-34 litre
22-4 litres of C,H, give heat = 1423 kJ
- 0-66 litre of C;H,, will give heat

1423
—mxﬂ 66](.'--41 93 kJ

22-4 htre of CH, give heat = 891 kJ
0134 litre of CH,, will give heat

= X034k = 135210
~ Total heat produced = 41-93 + 13-52

= 55-45kJ
Frobien 10, Determine the enthalpy of the reaction
C3Hs (8)+H, (g) -—bC2H6 (8)+CH, (g) at 25°C

using the given heat of combustion values under
standard conditions.

Compound II, (g) CHyg) Clll,p C
{graphite)
AH® —285-8 —890:0 —1560-0 —393-5
(kJ/mol)

The standard heat of formation of Cy g ) is

—103- 8 kJ/mol. (ILIT 1992)
Solution. We are given
) Hy @) + %01 ®)—= H,0 0.
AH = — 2858 kJ
() CH, (g) +20, (g) — CO, (g) +2H,0 (D),
AH = —890 kJ

(i) CHg (9) + 20, () —
2C0, (g) + 3H,0 (). AH = —1560kl
() C)Y + 0, @) — CO, (),
AH = —393-5 ki
(v) 3C () + 4H, () — CyH, (@),

AH = —103-8 kJ
We aim at
GHy@+ Hy@ — GHg @) + CH, ().
AH =7

5 x Eqn. () — Eqn. (v) — Eqn. (if) — Eqn. (i)
+ 3 % Eqn. (iv} gives the required result.

[Ans. —55-7 kJ mol ™!
In order to get maximum calorific
output, a burner should have an aptimum fuel value to
oxygen ratio which corresponds to 3 times as much
oxygen as is required theoreticaly for complete combns-
tion of the fuel. A burner which has been adjusted for
methane as fuel (with x litre/hour of CH, and 6x

2 !

litre/hour of Q) is to be readjusted for butane, Celyy-

In order to get the same calorific ontput, what should
be the rate of supply of butane and oxygen ? Assume
that the losses due to incomplete combustion etc are the
same for both the fuels and that the gases behave ideal-
ly. Heats of combustion :

CH, = 8309 kJ/mol,

C H,, = 2878 kl/mol. (I.LT 1993)

Solution.  Combustion reaction of CH, and
CyH,q are
CH; +20, —— CO,+2H,0 + 809KJ

CHyg + 123- 0, — 4CO, + 5H,0 + 2878 kJ
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Calorific value of CH, = 52 = 50:56 K] g™

2878

Calorific value of C;Hy = 55— = 4962 Kig !

C,H,, required to get the same calorific value as

forx litres of CHy = -g-g%%xx= 1-0189 x litres

Theoretically oxygen required = 123 x1:0189 x

6623 x litres.

6-623x X3
19-869 x litres

Hence C,H, 4 and O, should be supplied at the rate
of 1-0189x litre/hour of C;H,q and 19-869x litre/hour
of O,.

Peghlion 2. The enthalpy change involved in the

oxidation of glucose is —2880 kJ mol ~'. Twentyfive
percent of this energy is available for muscular work. If
100 kJ of muscular work is needed to walk ome
kilometer, what is the maximum distance that a person
will be able to walk after eating 120 g of glucose ?

(IL.LT 1997)

Solution. Energy available for muscular work

Actual oxygen required

25 i
=700 X 2880 kI mol

1

=720 kI mot ™!

Molar mass of glucose = 180 g mol !

-. Energy available for muscular work from 120 g
glucose

=:1]—§%X120k.1 =480 kJ
In 100 kJ of muscular work, distance walked = 1
km
. In 480 kJ of muscular work, distance walked
- Tzﬁ x 480
=4 -8 km

From the following data, calculate the
enthalpy change for the combustion of cyclopropane at
298 K. The enthalpy of formation of CO, (g), H,0 ()

and propene (g) are —393:5, ~—285-8 and 20-42 kJ
mol ! respectively The enthalpy of isomerisation of
cyclopropane to propene is — 33-0 kJ mot L.

(LIT 1998)

Solution, We are given :
HCE+0,@— CO @)

= —~393-5 kJ mol |

() H, @) + 30, @) — H0 0,

AH = —285-8 kI mol ™!

(@) 3C(s) + 3 H, (g)— CHg (8),

AH = + 2042 kI mol !

(iv) HZC —_ CH2 .
— GHs @®)

2 AH = - 33-0 kI mol ™}
We aim at
H,C——CH,
9
+30,Q) —
CH, 300, (g) +3H,0 (D)

Operating (iv) — (iff) + 3 % (I) + 3 x (i), we gel
the required equation and
AH = 332042 + 3 (—393:5) + 3 (--285 -8}
= — 2091 -32 kJ mol 1.

Probleir 14, Estimate the average S—F bond ener-
gy in SF. The standard heat of formation values of

SF (), S (g) and F (g) are :— 1100, 275 and 80 k]
mol ™! respectively. (LLT 1999)
Solution, We are given

il
(i) g S (5) + 3 F3 (8) — SFs @),

AH = — 1100 kJ

(i) § S4 6) — S @), AH = 275 &I

(i) 5 F @) — F &), AHL = 80 kJ

We aim at %[SFG(g) — S(g) +6F ()
Eqn. (if) + 6 (iif)—(i) gives
SFe(g) — S(g) + 6 F(3),

AH = 275 + 6 X 80 — (— 1100) = 1855k]
- Average S—F bond energy

_ 1855
6

= 309 16 kJ mol !
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MT, a :

Internal energy of a substance/system is K"‘-‘v’hlch of the following equations correctly n:pre-
(a) State function sents the standard heat of formation (AI-[I) of
(b) Path function methane 7

(c) Neither state function nor path function (@) C {diamond) + 2 H, (g) — CH, (g)

{d) Both state function as weli as path function - (graphite) + 2 H, g)— CH, ()

The relationship between enthalpy and internal {v) C (graphite) + 2}12 @ — CH, &)

energy change is

(a) AE=AH+P AV (B)AH = AE + P AV RS Emptiicy =L e ¥ Tk T908)

(c}AH=-AE-P AV  (d}PAV = AE + aH 9. The enthalpy of vaporization of liquid water using
When a reaction is carried out in a closed vessel the data

(a)qp <qy (b)qp > 4y H, &) + 5.02 @ — H0; &

©) 9 = a4y (e =18 AH = —285-77 kJ/mole

The bond energies of H—H and Cl—Cl are 430 kJ
mol ~! and 242 kI mol ! respectively. AH ¢ for HCI

is 91 kJ mol ™. The bond energy of HCl will be
(@ 427K () 245

(c) 285 kI (@) 766 kJ.

The relationship between free energy change
(AG) and entropy change (AS) al constant tempera- , i Under the same conditions how many m! of 1 M

H, g + 02 g — H,0(;
AH = — 241-84 kl/mole is
@y +43-93 ki/mol (b) — 43-93 ki/mol
{c) + 52761 kl/mal  (d) - 527-61 ki/mol.
(LL1 1993

ture (T) is KOH and 0-5M H,SO, solutions, respectively,
(2)AG = AH + T &S when mixed to form a total volume of 100 mi.
(bYAH = AG + T AS produces the highest rise in temperature 7
(¢)TAS = AG + AH (a) 67,33 {b) 33,67

{d) AG = ~ AH T AS {c) 40, 60 #7150, 50.

If heat of dissolution of anhydrous CuSO, and LLT 1997 ; Haryara C T 2000
CuS0, - SH;0 are —15-89 keal and + 2-80 keal L “The heat of neutralization of aqueous hydrochioric
respectively, then the heat of hydration of CuSO, acid by NaOH is x keal/mol of HCY. Calculate the
to form CuSQ, . SH,0 is heat of neutralisation per mol of aqueous acetic
(@) —13-09 keal (b) ~ 1869 keal P

() + 1309 kcal (d; + 1869 keal. LBV ki Qs

The difference between heats of reaction at con- i

stant pressure and at constant volume for the reac- (d) cannot be calculated from the given data.

tion CESOVE DHyinbad, 1994
2CHg (D+15 04 () — 12 CO, (g)+6 H,O () 12. The enthalpy change for a given reaction at 298 K
at 25°C in kJ is is ~ x cal/moal. If the reaction occurs spontaneousiy
(@)<7-43 () +3-72 at 298 K, the entropy change at that temperature
(€)—3.72 ( d)+7-43, (LLT 1991) (4) can be negative but numerically larger than

x /298 cal K™!

AN'SWERS
.a 2. b 3¢ 4. b 5 b 6 b 7.a 8¢ %a 10. d
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[p’)/ can be negative, but numerically smaller than
x/298 cal K™
(c) cannot be negative
(d) cannot be positive. (1548 Dha!

13. AH¢; of CO, (g), CO (g}, N,O (g) and NO, (g) in
kJ/mol arc respectively —393, —110, 81 and 34.
Calculate the AH in kI of the following reaction ;

ZNO, (g) + 3CO (&) —* N,O (g) + 3C0O, ()
(a) 836 (b) 1460
£r—836 (d) —1460.
(LS5 M Dhanbad, 1994
14. Giventhat C+ Oy — CO,, AH® = —xkJ
2C0O + 0, — 2C0,, AH® = -ykl

The enthalpy of formation of carbon monaxide

will be
@y - 2x () 22
Jrp (@) 2x -y

(GBS FMT (95T

15. Standard molar enthalpy of formation of CO, is
equal to
(a) zero
(b) the standard molar enthalpy of combustion

(c) the sum of standard molar enthalpies of for-
matioin of CO and O,

the standard molar enthalpy of combustion of
carbon ( graphite). (LL1

\X_G/Molar heat capacity of water in equilibrium with ice
at constant pressure is
(a) zero
(b) infinity
(c) 40-45 kJ K~ ' mol ™!
(d)75-48 JK~ ' mol ™. (L1.T 1997
17. 1n the reaction: S + 32 Oy — SO, + 2x keal
and SO, + 1/20,—= 805 +y kcal, the heat of
formation of SO, is
(@& +y)
() @x+y)

® -y
Mz x—y)
i b 8 U S S
18. At constant T and P, which one of the following
statements is correct for the reaction

CO (g) + 50, @) — CO, &) ?

(@) AH = AE

(byAH < AE

(c) AH > AE

{(d) AH is independent of the physical state of the
, reactants. I F

<19 Heat of neutralisation of strong acid against strong
base is constant and equals to

(@) 13-7 keal (5) 57 kI
()57 x 104 (&7 All of the above.
(VL] CEE 1999)

20. The following is (are) endothermic reaction (s)

(@) Combustion of methane

(byDecomposition of water

(cy Dehydrogenation of ethane to ethylene

{@y Conversion of graphite to diamond.

e e

AT

21. If AE is the heat of reaction for
CGHOH () +30,()—2C0O,(g) +3 H,O ()
at constant volume, the AH (heat of reaction at
constant pressure) at constant temperature Is
_{#TAH = AE - RT (b} AH = AE — 2RT
(c)AH = AE +2RT  (d) AH = AE + RT.
[ODSE PMLITZ000%
22. Internal energy does not include
(a) nuclear encrgy (b) vibrational energy
{c) rotational energy
_(dyenergy of gravitational pull. (4 /LAY 2600)
23. Which of the following reactions is endothermic ?
(a¥N,; + 0, —2NO
(t)H, + Cl;— 2 HCI
(¢) H,80, + 2 NaOH — Na,50, + 2H,0
{(d) None of these. (A.FEM.C. 2000)

24. Amount of heat required to change 1 g ice at 0°C
to 1 g steam at 100°C is

(a) 616 cal
(c) 717 cal

(b) 12 keal

(d) none of these.

(Haryann C.EET 2000)

25. The AH for CO, (), CO () and H,0 (g) are
—-393.5,— 110-5 and - 2418 kI mol ! respec-
tively. The standard enthalpy change (in kJ) for the
reaction CO, (g) + H, ©)— CO (@) + H,0 (g)is

WAN S wWwER'S

14. ¢ i5. d 16. &

24. ¢

1d. ¢
23 a

17. d 18. b 19. d 20. bed 2l. @
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(a)524-1 w7412
(c)—262-5 {d)—41-2.
26. In thermodynamics, a process is called reversible

when

(a)surroundings and sysiem change into each
other

(b} there is no boundary between system and sur-
roundings

(Gjﬁe surroundings are always in equilibrium with
the system

(d) the system changes into the surroundings spon-
taneously L2000
{5@/ Which one of the following statements is false ?
ork is a state function
(b) Temperature is a state function

{c) Change in the state is completely defined when
the initial and final states are specified

(d) Work appears at the boundary of the system.

28. Change in enthalpy for the reaction
2H,0, (h— 2H,0 () + 0, ()
if heat of formation of H,0, () and H,0 (/) are

—188 kJ mol ™" and —286 kJ mol ™! respectively,
is

/Qrf—l% kI mol ™!

(¢) + 948 kJ mol ™!

{(h) + 196 kJ mol ™!
(d) - 948 kI mol™!

29. Enthalpy of CH, + %Oz — CH,0H is negative.
If enthalpy of combustion of CH, and CH,OH are
x and y respectively, then which relation is correct ?
(@)x>y M)x<y
(CIE A (dxzy

30. If order to decompose 9 g water, 142-5 kJ heat is
required. Hence the enthalpy of formation of water is

(@) +285 kI Z 285 kJ
(c) +142-6 kJ (d) —142.5kJ

31. The heats of combustion of graphite and carbon
monoxide respectively are —393-5 kI moi~! and
—283 kJ mol~ 1. Therefore the heat of formation
of carbon monoxide in kJ mol ' is

AT NS
30, b

18. a 9.5

Fad
h h
B B
o
-

27. a
3. b

fad bl

(@) +172-5 By=1105
(c)—1070 (d) —676-5
{e) +110-5

32. Compounds with high heat of formation are less
stabie because

(a) it is difficult to synthesize them

{renergy rich state leads to instability

(¢) high temperature is required to synthesize them
(d} molecules of such compounds are distorted

33. The heat required to raise the temperature of a
body by 1 K is called
{(a) specific heat
(c) water equivalent

4T Thermal capacity
(d} motar heat capacity

34. Inareaction involving only solids and liquids, which
of the following is true 7

(a) AH < AE
{c)AH > AR

AH = AE
(d)AH = AE + RT An

35. C (diamond) — C (graphite), AH = — ve. This
shows that
_{@yGraphite is more stable than diamond
(b) Diamond is more stable than graphite
{c) Both are equally stable
(d) Stability cannot be predicted.

\ 36,11 a closed insulated container, a liguid is stirred

with a paddie to increase the temperature. Which
of the following is true ?

I’a':l":.\E =Wed,g=0

(B)AE=W =g =0

(YAE=0,W=g=0

(d)W=0,AE=¢ =0

37. An adiabatic expansion of an ideal gas always has

(a) decrease in temperature
q=0 (c)W=0

(d)AH =0

.~ The amount of energy released when 20 ml of
"~ 0-5M NaOH are mixed with 100 ml of 0-1 M HC)

isx kJ. The heat of neutralization (in kJ mol ™1} is

£ RS

32. b 33. 8
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(a)y —100x (b)Y —50x i) the nature of intermediate reaction steps
(¢) + 100x {d) + 50x (¢) the differences in the initial and final tempera-
(Maripal DM 2002) tures of the involved substances
d) the physical state of the reactants and products
39. Enthalpy of neutralization of HCi with NaOH is x. e e e e

The heal evolved when 500 mi of 2 N HCl are
mixed with 250 mi of 4 N NaOI will be

(a) 500 x (b) 100
Ao (@) 10x

- 40,/ One mole of a non-ideal gas undergoes a change of

v

42.

44,

38. a
48. &

state (2-0 atm, 3-0 L, 95 K) — (4-0 atm, 5-0L,
245 K) with a change in internal energy, AU = 30-0
L atm. The change in enthalpy (A1) of the process
in L atm is

() 40-0 (b) 423
(c)44-0
(d) not defined because pressure is not constant

LLT 2002)

@i

#
Which of the following reaction defines AH ¢

(a) C(dinmond) i 02 ©— COZ €

HTEH, @ + 3T, @)~ HF @)
(C) N2 (g)+3H2(g)——' 2NH3(g)

1
@CO@+7 00— CO @ ;72003

For the reaction

CHzy @ +50, @ — 3CO, @ +4H00
at constant temperature, AH — AE 18

(1) + RT ~3RT

() +3RT (d)—RT

For which one of the following equations is
equal to AH", for the product 7

Al'lul'r,m:tit:m
(@) N, () + 03 8)— N,O3 (9)
)] CH4 @+2Cy(@E)—

g CH,Cl, () + 2 HCL(g)
M;(c (8) + 2 F5 (g)—= XeFy (8)
(d)2CO () + 0, ) — 2C0; ®)

The enthalpy change for a reaction does not
depend upon
(@) use of different reactants for the same products

AN
a1 b 42. b

9. c 40, ¢
49. d

45.

46.

47,

48.

49,

50.

S

_(@aY1-66 kJ/mole

AH, of graphite is 023 kJ/mole and AH for
diamond is 1-806 k¥/mole. AH,_j.tion [FOM
graphite to diamond is

(5) 21 kI/mole

(c) 2-33 kJ/mole (d) 1-5 kJ/mole

The bond energies of C—C, C = C, H--H and
C—H linkages are 350, 600, 400 and 410 kJ per
mole respectively. The heat of hydrogenation of
ethylene is

fd)/— 170 kJ mol ™!

(c) - 400 kT mot ™!

(b) - 260 kI mol !

(d) — 450 kY mol ™!

One gram of sample of NH,NO; 1s decomposed in
a bomb calorimeter. The temperature of the
calorimeter increases by 6- 12 K. The heat capacity
of the system is 1-23 kJ//deg. What is the mofar
heat of decomposition for NH,NO; ?
(a) —7-53 kJ/mol (b) —398-1 kl/mol
(c)—16-1kl/mal  _df—602kI/mol
(AT MLS 2005
How much energy is released when 6 moles of
octane is burnt in air 7 Given AH. for CO, (g),
H,0 (g) and CgH, 4 (/) respectively are — 490, -240

1
#H-37-4x1

(d)-20-0kJ

and + 160 kJ mol ™~
{(a)-6-2k]
(c)—35-5kf

If the bond energies of H—H, Br—Br and H—Br
are 433, 192 and 364 kJ mol™! respectively, the
AH® for the reaction H, (g)+Br, (g)—2HBr (g)is
{a)—-261 k] () + 103 KJ
{c) + 261k (d)-103kJ

(CB.S5.E. DV 20040
The work done during the expansion of a gas from

a volume of 4 dm? to 6 dm> against a consiant
external pressure of 3 atm is (1 Latm = 101-32kJ)

45, «a 46. a 47. d
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51.

52.

53.

55.

56.

50. &
60. b

(a)-61]
—60817
(c) + 3047

(d}-30471 (C.B.S.E.PMT. 2004)

‘Two moles of an ideal gas is expanded isothermally
and reversibly from 1 litre to 10 litre at 300 K. The
enthalpy change (in kJ} for the process is

(@) 11-4kJ
(b)-11-4kJ
() OKJ
(d)4-8kJ
An ideal pas expands in volume from
1% 107m? to 1 x 1072 pr at 300 K against a

constant pressure of 1x 10° Nm~2 The work
done is

(a)~900]
(b) ~ 900 kJ
(€) 2707
(d) 900 K

During isothermal expansion of ideal gas, its
(a) Internal energy increases
(&) Enthalpy increases
{¢) Enthalpy reduces to zero
(d) Enthalpy remains unchanged
(LDCRPALT 2004

(LLT 2004)

(A.LE.E.E. 2004)

. Internal energy is

{a) partly potential and partly kinetic
(b) totally kinetic
{c) tolally potential

(d) none of these (A.EM.C. 2004)

Among te following inftensive property is
(@) mass

(b)Y volume

(c) surface tension

(/) enthalpy LAFMC. 2004)

When 50cm? of 0-2 N H,SO, is mixed with

50 cm® of 1 N KOH, the heat liberated is
{a)11-46 kJ

(6)57-3kJ

(c)573kJ

(d) 5731 (Karnataka C.E.T. 2004)

57

59.

61,

62.

The enthalpy of the reaction H,O (g) + l02 &)
— H,0 (g) is AH, and that of H, (g) + >0, ®
— H,O () is AH,. Then
{a) AH < Al

() AH, + AH, =0

{c) AH, > AH,

(@) Al = &H, (Karnatake C.E.T. 2004)

The enthalpy of combustion of methane at 25°C is
890 k). The heat liberated when 32 g of methane

is burnt in air is .

(8) 445 ki

(Y278 K]

(¢} - 890k

(d) 178 kI (Rarnataka C. LT 2004)

Iffor (i) C + O — CO, (i) C+ 1/20,—> CO
() CO + 1/2 0, ~— CO, the heats of reaction
are Q, - 12 and - 10 respectively. Then Q =
{a)-2

(b)2

(c)-22

(d)-16 {Orissa JE.E. 2004)
1 mole of H,30, is mixed with 2 moles of NaOH.
The heat evolved will be
(@)57-3kJ

() 57-372 k]

(by2 x57-3kJ
(d) cannot be predicted
& KCEL 2008

The enthalpy of a monoatomic gas at T kelvin is

(@2 RT ()3 RT
GET (d) grm?
5
(e)7 RT (Karnataka C.IE.T. 2004)

CH, = CH; (g + H, (&) — CH; - CH,4 (g). The
heat of reaction is [bond energy of C—C = 80 kcal,
C = C = 145 keal, C—H = 98 keal, H—H = 103
keal

(a)— 14 kcal

{h)—28 kcal

(c)— 42 keal

(d} - 56 keal {Bikar C.E.C.E. 2004)

VNS el

51. ¢ 53 ¢

61. ¢

52. a
62. b

54. a

58 ¢

56, d 57. a 58. d
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4,

10.

11

12.

13.

14.

15.

16.

Choice Questions

HINTS/EXPLANATIONS to Multiple

1d,+ 10— HO

AH =91 xJ mol ™" (Given)

AH peaction ™ [;— B.E.(H,) + 3 BE {ﬁl:}]
—B.E. (HCh
91 = [T,; X 430 + 5 2421‘ —BE. (HCl

or B.E. (HCI) = (215 + 12191
= 245%)

1

AG = AH =~ TAS of AH = AG +ATS

. Sec solved example on page 5/31.

(i) CuSO, (5) + ag. > CuSO, (aq),
A = — 1584 keal
(i) CuSQ, . 5 Hy0 + ag.-— CuSQ, (aq),
AH = + 2-80 kcal
Eqgn. (iY—Eq. (&) directly gives (he required resull.

X Angﬁlz—15=—3]

AH — AE = A.ng RT

=—3XB8:314 x2Y87 = — 743 k]

. Aim : H,0 () — H,0 (g), AH =7

Eqn. (ii)—Eqn. (i) gives the required result.
In the first three cases, amount neutralized is less
than 50 ml and hence heat evoived is less.

It will be tess than x because acetic acid is a weak
acid but exact value cannot be predicted.

AG = AH ~ TAS = —x — 298 % AS. For AG to be
—ve, AS can be negative but AS should be less than
BTl

AH g eaction = IAH‘:}' (N,O +3 AHOf (COp]
~ [2 AH (NOy) + 3 AH? (CO)]
= [81 +3 (= 393)) — 2(34) + 3 (= 110)]
= — R36 kJ
: 1 :
Alm:(1+~-2e02 SSIiCH AH =2

Egn. (i }—% Eqn. (if} gives the required result.

Aim: Cg) + 0, (@) — CO, (@), AH2 =2
This is same as molar enthalpy of combustion of
graphite.

BLLE Abhiee e
Cp AT At equilibrium, as AT = 0,

CP=:c

17.
18,

e

28,

23,

29,

30.

1.

4.

Eqn. (i \—Eqn. (i) gives the required resuit.
i

k-
Ms“ I:HF __”r)g‘“" =3 ‘f--

7
AH = AE + mfﬂ't'-.
As An s —=ve, AH < AE
fn =2-3==1
Hence AH = AE - RT
; Bl cal 100 cal
1 gice at 0°C —-—s 1 g water at 0°C
537ca

37 cal
1 g water at 100°C———— 1 g steam at 100°C.
Tortal heat required = 80 + 100 + 537
= 717 cal

[AH?H(COY + AT (11,0)]

AH Reaction =

= [{=110:5) + (— 241 :8)] = |(— 3935} + 0]
=4+ 41-2k]
AH gegetion = (2 AH? (Hy0 + AHT(O5)]

=2 AH (Hy05)
=|2(—286) +0] =2 (~ 188) = — 196 kJ

(i) Cl'h +2 02—* COZ +2 HZO’ AH = ¢
7 1

{if) CH;OH + 5 O3 — CO, + 2 H,0, oy
(1)—(#i) gives the required egn. Le. for the given
reaction, AH =x =¥y,

AS AH = —ve,x < ¥

For decampasition of 1 mol H,0 (18 g), heat re-
quired = 2 x 142-3kJ = 285 k]
i 1
ie. H,O () — Hy@)+ 50, (2).

AH = + 283 KJ
Hence far the reverse reaction, AH = — 285 &kl
Given : (i) Cigr) + 05 (g) > CO; (2),

AH = — 3935 ki
5 1

(I C0g) + 50, (&)~ CO, (g),

AH = — 283kl

: 1 -
Aim: CE+50,()— CO(2), AH = 7

Eqn. (£)—Fqn. (i) gives the reguired result.
AH = AE + PAV. For solids and liquids,
AV = 0.
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35

36.

3.
38.

39.

40.

41.

42.

43,

45,

Graphite will have lower eneriy and hence greater
stability. ;

As container is closed and insulated, the process is
adiabatic so that g = (b As

AR =g + W. AE =W =D,

T'or adiabatic expansion, g = 0.
20miof 0-5 M NaOH = 20 x 05
= 10 milimoies
= 10 milliequivalents
10 mlof0-1 M HCl = 100 x 01
= 10 millimoles
= 10 milli equivalents
Thus 10 milli eq. on neutralization give heat
=% k]
= 1 geg.ie 1000 mill eq. will give heat
= [00x k]I

Le AH =~ 100x ki

neue,

500 mlof 2 N HCI = 1000 ml of 1 N HCI
250 nil of 4 N NaQH = 1000 mi of 1 N NaOH
By definition, heat evalved = x kI

H=U+PV
As pressure Is not constant,
AH =, - I
= (U, + PV — (U + PV
= (U, = Uy + (PyV5 - Py V)
=30 +{4 %5 —-2x3)=44 L. atm
AH " is the enthalpy change when 1 moale of the

substance is formed from its elements in the stand-
ard state. Reaction (a) does not represent AH/
because standard state of carbon is graphite and
not diamond.

L‘\ng=np

,ﬁH=AE+nn!RT
or AH *AEtAngRT:*fERT.

Sh =3 T6=23

For {£), AH® . ion = AH“I{XI:F‘}

~ |AH" (Xe) + 2AH% (Fy)]
Enthalpies of formation of elementary substances,
Xe and F, are taken as zero.
(h) by Hess's law.
Graphile — Diamond _
AH oaeiion 7 &H p (ciamond) — AH ¢ (graphite)

=1-80f — 023 =1:666kJ/mole.

46.

AH
=[BEMEC-M+BE(C=C)+BE.(H H)

48.

49.

51.

52,

531

Aim: CH; = CH, + H; — CH; - CH3
B H H
oo ;

I'IfC:(EfH+H7HH[-IuC—JI—}i

i

H H
reaction = = B.E. {Reactants) - £ B.E, (Products)
~{B.E.(6C - H) +BE.(C - ()]

=BE.(C=C)+BE. (H - H)

BB S B RO S )
=600 +400 -2 x 410 — 350 kI

=1000 — 1170 = — 170 k1.

Heat evolved from decomposition of 1 g
NHNO; = 1-23 x 612 k!

Heai evolved from 1 mol of NH,NDO, (80 g)
=123 x6-12 X80 kJ
= 602 kJ.

CyHyg + 27"02—- §CO, + 9H,0

AL Reaction

=8 AH]-" (€O +9 AH; (H,0)]
a 25 o
= [AH, (CgHyg) + 5 AHF (Oy)]
= [B (- 490) + 9 (= 240)] — [lﬁa + 2 u]

= — 3920 - 2160 — 160 = — 6240 kI mol ™'
- For 6 moles, enthalpy of combustion
=2—fMIx6=-3T800) = — 3174 k]
AH peqction = & B.E. (Reactants)

- % B.E. (Products)
= (433 + 192) ~ 2 (364) = — 103 kJ.

Wark done = -P_, x AV = —3(6 —4)Latm
=~-fHbLatm=—6x101-32J = — 608 J.
AH = A(E + PV)= AE + A(RT) = AE + RAT

For isothermal expansion of ideal gas, AE = 0
(- AE = C, AT and AT =v)

S AH =0+0=0
W= -PaV = - 10 Nm ™2 (1072 - 1073 n??
—10° % 1073 (10 - 1y Nm
- 900 Nm o= - 900!
See MCO 51
St en® of 0:2 N H,50,

=50 %02 Meq = 10 Meq
50car of I N KOH = 50 x 1 Meq = 50 Mcgq

It

il
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SgE

58.

‘Thus 10 Meq of H,SQ, wilt newtralize 10 Meg of 59. Eqn. (i) + Equn. (i) gives the required result.

KOH 60. 1mole of H,SOQ, =2 ¢ eq. of H;50,.
: 57:3%kJ
. Heat liberated = 2 oo < 10 61. For nioncatomic gas E = 7
= (573 k) =573 1. H=E+PV=E+RT

When H,0 (g) changes to H,O (/; e condensa-
tion takes place, heat is evalved Le AH, Is greater
than AH ;.

16 g CH, produce heat = 890 kJ.

=%RT +RT =g—RT Wl

62, AHp . ioe = £ B.E. (Reactants)
— I B.E. (Products)
=[B.E.(C=C)+4B.E.(C -H)+BE.(H - H)}
~ [B.E.(C -~ C) + 6 B.E. (C — H)}

= 3-2 ¢ CII, will produce heal

BY9(
Z o e Lo =[145 +4 X 98 + 103] — [80 + 6 x 98} = — 28 kcal.
R R T R A O T e i T e e e e e i el b S s i S S -ai'ﬁ.:{

ADDITIONAL OUESTIOS

R R R T R T e R T T T A A R L O ey N T

or All Competitive Eamintls

Xeonmmat
P

Assertion-Reason Type Questions

The questions given below cansist of an ‘Assertion’ in column 1 and the ‘Reason’ in column 2, Use the following
key to choose the appropriate answer.

(a) If both assertion and reason are CORRECT and reason is the CORRECT explanation of the assertion.
(b) Ifboth assertion and reason are CORRECT but reason is not the CORRECT explanation of the assertion.
(c) If assertion is CORRECT but the reason is INCORRECT.

(d) It assertion is INCORRECT hut reason is CORRECT.

{e) I both assertion and reason are INCORRECT.

Assertion
The value of enthalpy of neutralization of a weak
acid and a strong base is numerically less than 57 -1
kJ.

Standard enthalpy of graphite is lower than that of

diamond.
Enthalpy of combustion is negative.
Absolute value of H cannot be determined.

Endothermic compounds are more stable than the
exothermic compounds.

Enthalpy of vaperisation is always endothermic
Enthalpy of neutralization is always exothermic.

Enthalpy of neutralization for both HNO, and HCI
with NaOH is 571 kl per mole.

Reason
All the OH™ ions furnished by 1 g equivalent of a strong
base are not completely neutralized by the H,O% ions
from the weak acid.
Standard enthalpy of elements is taken to be zero ar-
bitrarily.
Combustion reaction can be exothermic or endotherniic.
Absolute value of E cannot be determined.
Endothermic reactions have positive enthalpy of forma-
tion.
Water is an exothermic compound.
Neutralization involves reaclion between an acid and a
base.

NaOH is a strong electrolyte. (A.LLMS. 1997)

True/False Statements

Which of the following statemenis are not true ?
Rewrite them correctly.

An isolated system is that which can exchange ener-
gy but not matter with the surroundings.

2. An extensive property depends upon the amount
of the substance.

3. In an isothermal process, temperature remains con-
stant because o heat can enter or leave the system.
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4.

£

10.

2.

.

The work done on the system is positive whereas
the heat absorbed by the system is positive.

Internal energy change is the heat change at con-
stant volume whereas the enthalpy change is the
heat change at constant pressure.

Internal energy is a state function but enthalpy is
not a state function.

The standard state of a substance is (°C and 1 atm
pressure.

The S.1. unit of heat is ‘calorie’.

The absolute value of internal energy of a sub-
stance cannot be determined.

W is positive when the work is done on the system.

A system which can exchange only energy but not
matter with the surroundings is called......
A thermodynamic property which depends enly on
the nature of the substance is called .......
A processwhichiscarriedout ....... is calied a revers-
ible process.
Law of conservation of energy is aiso knownas ........
The heat change cccurring at constant pressure is
called.......
The difference between molar heat capacity at con-
stant pressure and that at constant volume for one
mole of an ideal gas is equal to...... .
(a) A system is said to be ... if it can neither
exchange matter nor ener gy with the surroundings.
(b) The heat content of the products is more than
that of the reactants in an ....... reaction.

(L1.T 1993)
When Fe(s) is dissolved in agueous hydrochloric
acid in a closed vessel, the work done is..........
Enthalpy is an.......... property.

11.

12.

13

14.

16.

10.

11.
12,
13.

14.

15.
16.

17.
18.

19.

Enthalpy of combustion is the amount of heat evolved
when the number of moles as represented by the
balanced equation have been completely oxidized.
The total amount of heat evolved or absorbed in a
reaction depends upon the numiber of steps in
which the reaction takes place.

The enthalpy of combustinn of carbon (graphite) is
not equal to that of carbon (diamond)

Enthalpy of solution is always positive.

The total amount of heat cvolved or absorbed in a
reaction depends upon the number of steps in
which the reaction takes place.

‘The enthalpy of combustion of carbon (graphite) is
not equal to that of carbon (diamond).

The part of the universe chosen for study of energy
changes is called........... whereas the rest of the
universe is called ....

The energy stored within a substance is called its...
A reaction in which heat is absorbed is called an ...

The enthalpy of any element in the standard state
is taken as......

Heat of neutralization of an acid is the amount of heat
evolvedwhen .... of ... is neutralized by ... of the ....
AHgyblimation = - + -

The enthalpy of combustion of benzene is —3264
kI mol~!. The heat evolved in the combustion of
39 g of benzene will be ...

Coal and petroleum are called ... fuels.

The heat content of the products is more than that
of the reactants in an ..... reaction.

The enthalpy of neutralisation of a weak acid
(LT than that of a strong acid. The difference
of the latter from the former is known as enthalpy
of.......... of the weak acid. (Bihar C.E.E. 1998)

Matching Type Questions

Match the entries of column A with approptiate entries of column B :

(a) A B

1. System can exchange both matter and energy with the surroundings. 1. Closed system

2. System can exchange neither matter nor energy with the surroundings. 2. Open system

3. System can exchange energy with the surroundings but not matter. 3 Isolated system

4. System can exchange matter with the surroundings but not energy. 4. No such system exists.
()] A B

1. A process which is carried out infinitesimally stowty. Isochoric process.

A process in which the volume is kept constant.
A process in which pressure is kept constant.

RN

. A process is carried out such thal temperature remains constant.
A process in which no heat enters or leaves the system.

Isobaric process.
Isothermal process.
Reversible process.
Adiabatic process.

R S
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ANSWERS ..
ASSERTION-REASON TYPE QUESTIONS
lL.(a) 2.(b) 3.(c) 4.(a) 5(d) 6.(b) 7.(a) 8.(b)
TRUE/FALSE STATEMENTS
1,3,6,8,10, 11, 13, 14, 15.
FILL IN THE BLANKS

1. Closed system 2. Intensive property 3. Infinitesimally slowly 4. First law of thermodynamics 5. Enthalpy
change 6. gas constant, R 7. (a) closed (b) endothermic 8. zero 9. extensive 10. system, surroundings 5
11. internal energy 12. endothermic reaction 13. zero 14. one gram equivalent, the acid, excess base

18. AH¢ygion AHvaporisation 16. 1632 kJ 17. fossil. 18. endothermic 19. less, ionization.

MATCHING TYPE QUESTIONS
(@) 1-2,2-3,3-1,4-4 (b) 1-4,2-3,3-5,4-1,5-2.

HINTS/EXPLANATIONS to Assertion-Reason Type Questions

4. H=E + PV. As absolute value of E cannot be 5. Endothermic compounds are less stable because
determined, so absolute value of H cannot be - their enthalpies of formation are positive.
determined. o 8. Enthalpy of neutralisation is same for HNO, and

_ HCl with NQE}H: because both are strong.

4



