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Q1. Define thermodynamic and thermochemistry.

Ans: Thermodynamic:

The stugy of all types of energy changes associcted with physical and chemical
changes is known as thermodynamics

Thermochemistry:

The branch of thermodynamics that examines the heat involved in chemical reactions
15 caolled thermochemistry

Note: Every process in this universe whether it occurs in living cells or in test tubes. orin
the atmosphere or in water etc. 1Is accompanied by an energy change. Some
processes release energy, other require energy. However, in all these cases total

amount of energy In the universe remains constant.

Q2. Explain the role of energy in chemical reactions.

Ans: Role of Energy in Chemical Reactions:

I. The energy in the form of heat is either evolved or gbsorbed as a result of chemical
reaction.

ii. This is because in o chemical reaction old bonds are broken and new bonds ore
formed

ili. Bond breaking always consumes energy and bond making always releases energy
iv. When the energy released by bond forming is greater than the energy by bond
breaking, there is a net release of chemical energy

v. Whereas energy is cbsorbed, when the energy of bond breaking is grecter than the
energy of bond forming

Thus in chemical reactions energy iIs exchanged with the sumoundings.

Q3. Define the terms system, surrounding, boundary, state function, heat capacity,
internal energy, enthalpy of a substance.

Ans: Definitions of Terms Used in Thermodynamics
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1. System:

The part of the universe on which we wish to focus attention is called a system.
Surroundings:

The part of the universe except system is called surroundings

Boundary:

The real or maginory surface separating the system from surroundings is colled
boundary

State Function:

A property of a system that is determined by the state of the system regardless of how
that condition was achieved is called state function

Examples:

Pressure (P), temperature (T) volume (V) and energy (E)

3. Heat:

Heat is the transter of thermal energy between two bodies that are at different
temperature

4. Heat Capacity:

The amount of heat required to raise the tempercture of the given quantity of a
substance by one kelvin is colled heat copacity

5. Internal Energy:

The sum of all kinds of energies of all the particles of a system is called internal energy
6. Work:

The energy transterred when on object is moved by a force is called work

7. Enthalpy of a Substance (H):

It is defined as the system’s internal energy (E) plus the product of its pressure and

volume (PV) (for detall see section 11.4.1)

H=E+PV

Q4. Explain system and surroundings with the help of examples.

Ans: System:
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The part of the universe on which we wish to focus cttention is called a system. A
system in chemistry is usually the substance undergoing physical or chemical change.
Surroundings:

The remaining part of the universe is called suroundings.

Boundary:

The real or maginary surface separating the system from the surroundings is called the
boundary,

Examples:

1. In the study of reachion between Iimestone and hydrochlonc acid solution in a test
lube, limestone and hydrochlornc acid solution form ¢ system. The test tube ond
everything around the test tube is suroundings.

i, In the study of thermal decomposition of o compound, the sample of the compound
would be the system. Whereas the beaker, the source of heat and everything else

would be surroundings.

5. Explain thermochemical reactions and also give ifs types.

Ans.: Thermochemical Reactions:

A balaonced chemical equation which alse show heat change of a chemical
reaction is called reaction is thermochemical equation.

The branch of chemistry which deals with the heat or thermal energy changes in
chemical recctions is called thermochemistry.

There are two types of thermochemical reactions -

(1) Exothermic Reactions:

(2) Endothermic Reactions:

Explanation:

Wwhen ¢ chemical change takes place, enerqgy IS exchanged between system and its
suroundings Energy has many forms such as heat, light, work etc. A chemical reaction
which proceeds with the evolution or gbsorption of heat is called a thermochemical
reaction.
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SELF-CHECK EXERCISE 11.1

Classify the following processes as exothermic or endothermic.
(a) Freezing of water

(b) Combustion of methane

(c) Sublimation of dry ice

(d) H.0(g)—> H.O)

(e) decomposition of limestone.
Solution:

Note: "Lighter —» Denser

Energy is given out. Exothermic reaction
AH - Negative

Denser —» Lighter

Energy is taken in Endothermic reaction

AH = Positive
Exothermic process:
These processes are favoured by low temperature and heat s release during this

Drocess
Endothermic process:

These processes are favoured by high temperature and heat is absorbed dunng this
process

(a) Freezing of water:

Water tfreezes due 1o low temperature and it give out heat to its surrounding so it is an
exothermic process,

(b) Combustion of methane:

All the combustion processes are exothemic because dunng these processes heat is
released that is why combustion of methane is an exothermic process

(C) Sublimation of dry ice:
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Sublimation is a process in which solid converts directly into its vapours without
converting into liquid. As we know gas (vapours) have high energy so energy is
required for this process that is why it is an endothermic process.

(d) H,0(g)—> H,0()

Gas molecules have high energy when they convert into liquid energy is relecsed
because the liquid molecules have low energy cs compare to gas molecules. Thus. it is
an exothermic process.

(e) Decomposition of limestone.

Decomposition of any substance requires energy that is why decomposition of

imestone 1S an endothermic process.

Q4. Briefly describe the heat of reaction with the help of example.
Ans: Heat of Reaction:

The amount of heat evolved or gbsorbed in a chemical reaction, when molar
quanhties of reactants and product are same as shown in a chemical reaction is called

heat of reaction,
Enthalpy change:

Heat of reaction measured at 25°C (or 298K) and one atmospheric pressure is known as

enthalpy change. It is denoted by AH

Examples:
(1) C(s)+0.(g) > CO.(g) AH = .393 5KJ

This equation shows that 1 mole of solid carbon (12g) reacts with | mole of oxygen gas

(32g) to give | mole of CO, gas (44g) at 25°C and 1 atmosphernc pressure and 393.5 KJ

heat is evolved
(i) Ho(g)+1.(g) > 2HI(g) Al = +53.8K)

This equation indicates that when 1 mole of #, gas combines with 1 mole of Is vapours

to give 2 moles of HI(g) $3.8KJ energy is absorbed
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Nole: If a reaction is exothermic when going in one direction, it will be endothermic

in the reverse direction. When a reaction is reversed, the magnitude of AH remains the

same but its sign changes.

Examples: Thus above two thermochemical reactions in the reverse direction
would be represented as follows,

CO.(g)> C(s)+0.(g) AH = +393 5KJ

2HI(g) - H.(g)+1.(g) AH =-53.8K)J

Q7. Briefly explain thermodynamics with the help of examples.
Ans: Thermodynamics:

The stucy of all types of energy changes associated with chemical and physicol
changes 1s known as thermodynamics.

Motion of automobile:

When gesoline burns in an gutomobile engine energy is released. A part of this energy
s converted into heat which heats up the engine. The rest of the energy moves piston
which turns a crankshaft and the crankshaft does work to move the automobile. Thus
chemical energy released when gasoline burns is converted into heat and work.

Industrial products:

Chemicals and related indusinies manufacture products thot release, cbsorb or retain
enerqgy.

Fertilizers:

Fertilizers help growing crops cbsorb solor energy and convert it into the chemical

energy of food.
Batteries:

Batternes produce electric energy from chemical reaction,

Conclusion:
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Thus the transformation of the energy from one form to another is an important field of

science called thermodynamics.

Q8. Define the following terms.
I. State of the system

il. Initial state final state
iii. Open system

iv. Close system and Isolated system.
Ans: i. State of the system

A complete description of a system, which includes its guantity, temperature, pressure

and volume describe the state of the system.

The condition of a system when vanous properties like temperature, pressure. volume,
number of moles etc of system have definite values is called state of the system,

Initial state:

The initial state of a system s its state before it undergoes a change.

Final state:

The final state of a system is its state after the change has occurred in a chemicol
reaction, the description of the products defines the final state, There are three types of
systems, open system, closed system and isolated system,

Open system:

In open system reactants and energy may be exchanged with surroundings.

Close system:

In a close system only energy may be exchanged with surrounding but not matenal.
Isolated system:

In an isolated system no energy and no material may be exchanged with surroundings.

In fact there 1s no ideally isolated system. It is hypothetical system vused for o
companson.
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Q9. Write a detail note on state function and also give its examples.
Ans: The properties that are determined by the state of the system regardless of how

that condition was achieved are called state functions.

OR

A property of a system which is determine by the state of the system and it is
independent of the path by which it was achieved is called state function,

Change in any property of a system is determined by the difference in the value of that
property in the final state and the value of the same property in the inthicl state.
Explanation:

Vanables such as pressure, temperature, volume and energy depend only on the state
of the system. A change in any of these variables depends only on the difference
between initial and final conditions, but does not depend on the path followed. Such
vanables are called state functions or state variables.

For example:

Let J is the initial volume of Ha gas confined in a cylinder at tempercture T. and
pressure £, When temperature is increased from 7. to T, its volume becomes

V,and pressure changes to £.. The changes in volume (AF ) is given by the
following equation.

AV = V,-F,

Similarly change in temperature AT and change pressure AP are given by the

equations.
AT=T,-T

AP =P, -P,

Q10. Differentiate between Spontaneous and non-spontaneous reactions.
Ans:
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Spontaneous reactions Non-spontaneous reactions

I, The reactions which processed on 1. The reactions which required extemal
therr own and do not need any energy to proceed are called non
extemal energy o proceed are called | spontaneous reactions

spontaneous reactions

i, For example emission of rays from I, For example reaction of nitrogen

radicactive elements, burning of and oxygen to make nitric oxide,

methane and coal thermal decomposition of P205

Q11. Define and explain the internal energy of a system.

Ans: Internal Energy:

The sum of all kinds of energies of the particles of the system is called ¢s intemal energy

It i1s denoted by E

Absolute value of intermal energy of a system cannot be mecsured. However
chaonge in internal energy (AE ) of a system can be mecsured. The intemal energy is
a state function and depends only on the initial and final states of the system
Mathematically:

AE =E, -E,

Where E, and E, are internal energies in the initial and final states of the system

respechvely.

Explanation:

I in every chemical process energy is tfransformed from one form to another. The
amount of energy transformed depends upon the energy contents of reactants and
products,

. Every system has definite amount of energy present in it. This energy is due to kinetic

as well as potential energies of the particles present in the system
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. The kinetic energy of the particles is due to the transiational, rotational and
vibrational motions of particles.

iv. The potential energy is due to all types of attractive forces present between the
particles. These attractive forces include all types of bonds and Van der Waal's forces.

Q12. How can we relate enthalpy change and heat of reaction or heat of combustion
of a reaction?

Ans: Relation between Enthalpy Change and Heat of Reaction or Heat of Combustion of
a Reaction:

Chemical reactors occur at constant pressure, we can equate the heat change in
these reactors to the change in enthalpy.

This means we con define heat of a reaction as the change in enthalpy (AH ). as the
difference between the enthalpies of the products (final estate) and the enthalpies of
the reactants (initial state).

Mathematically:
M - ,r!.rrmb;u = flrmhu

The enthalpy change of a reaction can be positive or negative depending upon the
process.

Exothermic:

Exothermic process, in which heat is released by the system of the surounding AH 1S
negative. Since, combustion is an exothermic process in which heat is relegsed by the
system to its surroundings, AH Is negative.

Examples of exothermic reactions:
(1) C(s)+0.(g) > CO,(g) AH =-393.5KJ

(i) 2H.(g)+0.(g) > H,0(I) Al = -571 6K)J
(). C(s)+ %O:(g) - CO(g) AH =-110.5K)

Endothermic:

Endothermic process, in which heat is absorbed by the system from the surroundings
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AH 15 positive,

Examples of endothermic reactions:

(1) H.(g)+1.(g)—>2HI(g) AH = + 53.8K)
(i) C(s)+ H.O(g) >CO(g)+ H.(g) Al =+131.4K)

liii) N.(g)+0.(g) > 2NO(g) AH = +180.5K)

Q13. Why we cannot measvure the value of AH for the conversion of graphite to

diamond in a calorimeter?

Ans: Standard States and Standard Enthalpy Changes:

We ccn measure enthalpy change for a chemical reaction ot constant pressure using
a calornmeter. However, it is not only very difficult but also impossible in many cases. This
Is because some reactions are tco slow.

The value of AfH for the conversion of graphite to diomond cannot be measured In G

calorimeter because reaction is very slow under normal condifions.

Q14. Calcvulote the value of SH for the conversion of graphite to diamond by using
following equations.

& (_s)—)('m”(s)N!": ¢

- RN

(1) C, an(5)+0;(g) > CO,(g) AH = -393.5 kJ

Notice if we reverse the second equation and add it in first equation, we get the

desired reachon
(1) € (5)# dﬁ(g) =i (,6:(;-:) AH°=-393.5kJ

(i) CO.(g)—>C. __(5)+0.(g) AH® = -395.4 KJ
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Coone (5) = G (5) AH® = +1 9KIJmMOlE

Conclusion:
Thus the enthalpy of diomond is 1.9 kJ/mole greater than graphite at 25°C and one

Qtm pressure,

Therefore, thermodynamic properties of two substances can be properly compared by

using a common reference state (standard state).

Q15. Explain standard enthalpy of reaction with the help of examples.

Ans: Standard Enthalpy of Reaction A//,

The enthalpy change in a chemical reaction when reactants and products are
N therr standard states and their molar quantities are same as shown by the
balanced chemical equator i1s called standard enthalpy of reaction.
Examples:

(1) 2H.(g)+0.(g) - H.O() AH = -571 .6KJ

(i) 2CH (2)+20.(g) = CO.(g)+ H.O(l) AH = -890.4K)

() 2A4i(s)+ Fe.O,(s) > Al.O(s)+ 2Fe(s) AH, = -850K)J

Q16. Define standard enthalpy of formation and how can we write thermochemical
equation for enthalpy of reaction.

Ans: Standard Enthalpy of Formation A//,

It 1s definec as the enthalpy change that accompanies the formation of one mole of @

compound from its elements with all substances in their standarg states, Standard

enthalpies of formation of some compounds are shown in table.

Table: Standard enthalpies of formation of some compounds in KJ mole

H:O{g ) Fe:o‘ ( S )

www.topstudyworld.com

Chemistry



www.topstudyworld.com

O o i
O O o o

KOH(s) Cls.
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HF‘g) -27 I .l HOJ\F'O:(,) (‘HJ(.g)
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-
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coon | ----

Method to write thermochemical equation for enthalpy of formation:

I. Write elements as reactants and Imole of the compound as product.
ii. Show standard states of all the substances

. Finally balance the atoms

Example:

Write thermochemical equation for the formation of /7.0, SO, and /.0, Use data given

in fable
Solution:

(i) Hg)+ %O:(g) — H.O(I) AH, = -285.8 KJ mole

(i) .S(.s)+ 0 ,(g) = SOs(g) AH,-395.2 K] mole

(iii) H.(g)+0.(g) > H,0.(1) A, = -191.2 KJ) mole

Standard enthalpies of formaton of some substances are shown in table.

Q17. Define standard enthalpy of combustion and how can we write
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thermochemical equation for standard enthalpy of combustion?

Ans: Standard Enthalpy of Combustion A//

The enthalpy change when one mole of a substance i1s completely bumt in excess of
oxygen under standard conditions is called standard enthalpy of combustion.
Standard enthalpies of combustion of some substances are shown in

fable.

Table: Standard enthalpies of combustion in KJ mole

e o )

S{monoclinic) -297.2 C.H,.O, [s) -2802

(glucose)

Method to write Thermochemical equation for enthalpy of combustion:

I. Wnte 1mole of the element of compound and oxygen as reactont

ii. Wnite oxides of the given element or oxides of elements present in the compound Qs
products

. Show standard states of all the substances.
iv. Finally, balance the atoms

Example:
Write thermochemical equation for the combustion of, C, CH, and H. Use

data given in above table.
Solution:
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(1) C(5)+0.(g) > CO.(g) AH. =-393.5KJ mole’
() CH (2)+20,(g) = CO,(g)+2H.0l) AH -8%0.4 KJ mole™

(i) H.(2)+ = Ou(g)—> H.OU) AH. =-2858KJ mole"

Q18. Define standard enthalpy of atomization and also give its examples.

Ans: Standard Enthalpy of Atomization (A// )

The enthalpy change when one mole of gaseous atoms are formed from its element
under standard conditions i1s called standard enthalpy of

atomization, eq.

(1) jl,-H_,(g)—>H () AH_, =+218 KJmole™

(i) = Cl.(g) > Clg) AH,, = +12] KImole™

Q19. Define standard enthalpy of neutralization with the help of example.
Ans: Standard Enthalpy of Neutralization A//

It 1s defined as the amount of heat evolved when one mole of H ions from an acid
combine with one mole of OH ions from a base to form one mole of water under
standard conditions. eg.

NaOH (aq) + HCI (aq) — NaCl(aq) + H.0 (l) AH. = - 57.4K]J mole’'

Strong acids and bases ionize completely in their agqueous solutions. Thus, when
solutions of NoOH and HCI are mixed together, the only change which occurs
formation of water. No' and Clions remain in solution. Thus heat of neutralization is due
to the formation of water from H and OH ions.

Na (aq)+ OH (aq)+ H (aq)+ Cl (aqg) —

AH = - 57.4K) mole™
Na (aq)+ Cl (aq)+ H.O()

or H'(ag)+ OH (ag)— HO() AH, = . 57.4K) mole’'
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Q20. Define standard enthalpy of solution and also give its examples.

Ans: Standard Enthalpy of Solution A/

It Is the enthalpy change when one mole of a substance is dissolved in 50 much solvent

that further diluhion results In no detectable heat change. under standard conditions.

e.g.
NH Cl(s)—=—= NH ' (aq)+ Cl (ag) AH = +15.1KJ mole’

HCI(s)—<"—=H “(aq)+Cl (aq) AH , = +75KJ) mole”’
SELF-CHECK EXERCISE 11.2

1. Write thermochemical equation form the given information.

(1) Standard enthalpy of formation of benzene (1) is +49.0kj mole

(I1) Standard enthalpy of formation of ethanol (l) is -277.7 kj mole

(II1) Standard enthalpy of combustion of acetic acid(l) is -876 kjmole’

(IV) When ethanol is burned in air -1367 KJmole ' energy is released at 1 atm and 25°¢c.

Solution:

(1) 6C(s)+3H.(g)> C.H,(]) .'\H‘, = +49 0KJ mole’

() 2(‘(.<)+3H,_(g)+%-0:(g)—a»("._.H.,OH(!) AH, =-277.7 KJmole™

(iil) CH,COOH(I)+20.(g) > CO(g)+2H.0(l) AH, =-876 KJmole
(iv) CHOH()+30,(g) > 2C0.(g)+3H.O0() AH, = -1367 KJmole™
2. Which of the following equations describe a reaction for which A// is equal to the

enthalpy of formation of a compound, AH,

(A) 4A4l(5)+20.(5) > 2A4L.0,(5)

www.topstudyworld.com



www.topstudyworld.com

(B) 24l(s)+ %O:(s) — ALO,(5)

|
(C) CO(g) + E'O:(g) - CO,(g)

Solution:

Condition:

1. Wnite elements as reactants and 1mole of the compound as product.
Show standard states of all the substances.

Finally balance the atoms.

(A) 44l(s)+20,(s) = 2410 (5)

As 2 moles of product (241,0,) produce, that is why this reaction does not represent the

enthalpy of formation.

(B) 241(5)+ 2 Ou(5) > ALO,(5)

As | mole of product ( ALO, ) produce from ifs elements under standard states, that is

why this reaction represents the enthalpy of formation of AL,0,
l
C. CO(g) +50.(g) > CO.(g)

As the reactant (CO) i1s not an element thus this reaction does not represent the

enthalpy of formation of CO,

Q21. Explain bond dissociation energy and bond energy with the help of example.
Ans: Band Dissociation Energy:

The amount of energy reguired to break one mole of a particular bond to form neutral
atoms i1s called bond dissociation energy.

Bond Energy:

The amount of energy released when one mole of a particular bond form from neutral
atoms is called bond energy

Nature of reaction:
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When a chemical reaction occurs, old bonds break and new bonds form. Bond
breaking alwaqys requires energy and bond formation glways releases energy The
difference between bond dissociction energy and bond energy determines whether

the reachon absorbs or releases energy overall.
Mathematically:
For any chemical reaction, the enthalpy change is the sum of bond dissociation

energies of the reactants minus the sum of bond energies of products

!{rm ior = Z B.L)ﬁm wnt ZB'EJH‘*‘“

For reaction between H, and 0, to produce H.0
H(g)+0,(g) > H.O(l) AH =7¢
A, =2xBD.Eof H, (g) + B.D.Eof O, (g) - 4 xB.E of O-H bonds

= 2 X (+436KJ) + 493.6KJ -4 (460K J)
= 1365 KJ - 1840K)
AH, =.474.4K).

Conclusion:

Thus the reaction between hydrogen and oxygen to form water is exothermic.

Q22. Differentiate between Heat and temperature.

Ans:

| M [ wew

.. Heat involves the transfer of energy

1. Temperature i1s defined as the

between IWO objects due to meagsure measure of average kinetic energy of

tempercture difference. the molecules of a substance
It is the degree of hotness or coldness

of a system
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I, We use calonmeter forits i, We use thermometer for its

megsurement meaqasurement

. It is not a state function . It is a state function

v. Its urit s kJ. wv. Its units are °C. K °F
v, It iIs mass dependent. v, It is Independent of mass.

Q23. Define heat capacity.
Ans: Heat Capacity:

The amount of heat required to raise the tempercture of given amount of a substance
by 1 Kelvin is callec heat capacity.

Unit;

It Is expressed in joules per gram or joules per mole of the substance,

Explanation:

The amount of heat absorbed by a substance is proportional to the tempercture

change
qgaAl
g=0CxAT

Where 'C' 1s constant of proportionality and is known as the heat capacity of the

substance
Mathematically:
. heat
Heat Capacity = —
Py AT

Q24. Define specific heat capacity.
Ans: Heat capacity:
The amount of heat required to rase the temperature of one gram of a substance by 1

Kelvin is called specific heat capacity
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Unit,
It Is expressed in Joules per gram per Kelvin,
Mathematically:
Specific heat Capacity = heat
gram x AT

Q25. Define molar heat capacity.

Ans: Molar heat capacity:

The amount of heat required to raise the tempercture of one mole of o
substance by one Kelvin is called its molar heat copacity

Unit:

S.I. unit for molar heat capacity is J. K 'mole™

Mathematically:

heat

Molar hecot CODOCHV= —
moles x A7

Q26. How can you explain molar heat capacity of a substance at
constant pressure?

Ans: If the quantity of heat is absorbed by n moles of the substance and its

temperature raises from 1,tol, . its molar heat capacity C i1s given by the expression.

T, —
n(l, 1)

Since heat absorbed by a substance at constant pressure 1s equal to AH

C, = L
n(AT)

Cp= A
n(AT)
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or
C.n(AT)=AH

Where C_ is molar heat capacity of the substance at constant pressure.

Q27. How can you explain molar heat capacity of a substance at constant volume?
Ans: When neat is absorbed by a substance at constant volume, then 4, - AE.
And

e

C,

153
I
2|5 B

AE =nC At

Where C. i1s molar heat capacity of the substance at constant volume
Example:

Specific heat capacity of Cu=0.387 J K'g"

Molar heat Capacity of Cu=0.387 x 63.54

=24.59 ) K 'mole™

Knowing specific heat capacity of a substance, ils mass and temperature change of
substance being heated or cooled,. we can determine heat absorb or

released

Note:

Re-amranging equation (i) we get,

qQ=C xm x AT

Similarly, if we know mole of the substance then.
qQ=CXNX AT

Q= NxC X AT
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SELF-CHECK EXERCISE 11.3

1. Describe the difference between heat capacity and molar heat capacity

Heat capacity Molar heat capacity

I, The amount of heot requirecd to raise | 1. The cmount of heat required to raise

the temperature of given amount of ¢ | the temperature of one mole of @

substance by | Kelvin is called heat substance by one Kelvinis called its

capacity. molor heat capacily.

. It Is expressed in joules per gram or I, S.1. unit for molar hect capacity is J.

jouvles per mole of the substance, K '‘mole”’

- Molar heat Capacity = — €4

heat moles x AT

Heat Capacity = ——
pacity AT

2. Calcvulate the heat involved when an Al pan weighing 200g is cooled from 100°C to
25°C at constant pressure capacity of Alis 0.9 Jg. X

Solution:

Mass of Alpan =200 g

C=09JgK"

I,= 100 °C

T, =25°C

Change in temperature = AT =7, -1,

AT = 100 -25=75°C

As the tempercture difference on °C and K scale is scme, therefore
AT =75°C
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qQ=7¢
Q=mxC x AT
qQ=200x0.9x75
q= 13500 J

Q28. Explain calorimetry and also give its types.

Ans: Calorimetry:

Calorimetry is the science of measunng heat of a chemical reaction by measunng the

tempergture change.

A device that measures heat flow is called calonmeter.

Calonmeters measure the heat released from a system either at constant pressure
(go= AH) or constant volume (go= AE)

Thus there are two types of calornmetry.,

i Constant Pressure Calorimetry:
In constant pressure colorimetry pressure of the system is fixed. For this purpose we
need ¢ thermally insulated container with a thermometer and sturer. For most

purposes a coffee cup calonmeter s used.
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Stirrer - Thermometer
Insulated
stopper
Reaction — P
moture Insulated
cups
Coffee cup calonmeter
Q=mx C x Al
Where m = mass of reactants
C = specific heat of reaction mixture
Vv = change in temperalure
I Constant volume Calorimetry:

Constant volume cclornmetry i1s used for accurate determination of the
enthalpy of combustion for food, tuel and other compounds.

I A bomb caolomnmeter i1s used for this purpose. Chemical regchion in g bomb
calonmeter tgkes palce under constant volume condimons. A bomb
calonmeter i1s shown In fig.

t consists of @ strong closed vessel (the bomb) immersed in an insulated water
ololig}
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peniting sample

-

hermometer

‘H\L; l.lft‘d CONTIAINST

L) iniet

l‘l Hl‘lt"’
reaction chambeer)

Finve waire in contact
with 'mn\pic

Cup holding sample

Water

Bomb calorimeter
Estimation oh Heat of Reaction rom Experimental Data:
This process can be ungerstood by the 1ollowing example,

In a reaction S0cm” of 1.0M NQOH neuvutralizes S0cm of 1.0M HCI at 25°C. use this

el el

expenmental aata 10 calculate the heat of recchion | neutrahzation) using @

calonmeter. Specific hect of wateris 4.2 Jg 'K

Activity

Since neutrghzation reaction is camed out at constant pressure. We will use coffee C Up

calonmeter (shown in figure 11.2) to calculate the heat of neutrghzation in the gbove

- -‘ = '_ . . - - P - L i . = - { " . - .I‘r - - — - - - [ - — \ 11 - “% Il -
example. For this purpose take two nested Styrofoam cups. The outer cup will provide

extra thermal insulatnon. Place S0Dcm of | .OM NaOH Iin the inner Styrotoam cup and 50

-

cm Of 1.0M HCI at 25°C in ¢ beaker. Keep the two soluthons for some time to let them
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acquire room temperature, Suppose room temperature is 25°C. now acdd slowly the
acid solution into the NQOH in the inner cup. The temperature of the solution will rise
due to the evolution of heat during the neutralization process. Note down this
temperature (suppose it is 31.9°C). Calculate the amount of heat evolved by the
following equation.

Q=mMxCx&T

Volume of NaOH = 50cm’

Volume of HCI = 50¢m’

Total volume of reaction mixture = S0cm’ + SO cm’ = 100cm’
Density of water = 1gom™

Total mass of reaction mixture (m) = 100cm + 1gem * = 100g
Raise in temperature = 6.9°C

Or = 6.9K

Now

qg=mxC xAT

q=100gx4.2Jg 'K 'x6.9K

qQ=29%x10")

: | :
no. of moles of NGOH = M xYolofsolutioncm”

1000
_1x50
1000
- | x50
Similarly, no of moles of HCl = = l =0.5

Considering, chemical equation.

NaOH (aq) + HCI (aq) = NaCl (aq) + H,0{l)
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Il mole 1 mole I mole

0.05mole 0.05mole 0.05mole

Thus formation of 0.05 moles of water release heat =2.9 x10° J

29x10
0.05

Formation of 1| mole of water will release heat =

= 58x 10°) mole™’
=58.0 kJ mole
Since heat is evolved at constant pressure.

g, = AH = -58 0KJmole ’

SELF-CHECK EXERCISE 11.4

Experimental data shows that when 87.5 »»" of a 0.10M HCI solution is mixed with 25.0

cm of 0.35M NaOH in a calorimeter, complete neutralization occurs. The temperature of
the calorimeter changes from 25°C to 26.07°C. use this data to determine heat of

nevutralization for the reaction.

Solution:

Volume of NaOH = 25em’

Volume of HCI = 87.5cm’

Total volume of reaction mixture = 25em™+ 87.5em™= 112.5em’
Density of water = 1gem

Total mass of reaction mixture (m) = 112.5em’+ 1gem™ = 112.5g

Raise in temperature = AT 26.07 ...
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Q=mxCA\ T
qQ=1125x4.2x1.07 = 505.575 )

no. of moles of NaOH = M xFolofsolutioncm_

1000
9
= 2.30%2) =0.00875 moles
1000
Similarly, no of moles of HCl = = 0':;(;;;'5 =0.00875 moles

NaOH (aq) + HCI (aq) - NaCl (aq) + H,0|(l)

|l mole | mole | mole

0.00875 mole 0.00875 mole 0.00875 mole

Heat release dunng the formation of 0.00875 moles of water = 505.575J

505.575

Heat releas nng the formation of 1 mole of water =
eat release durning the formation o ole 0 00875

= 5.78 x 10° ) mole’

=57.8 kJ mole’

at constant pressure.

AH = -57.8KJmole™

Q.29: How can we measure energy available from food
Ans: estimate of energy available from food:
Human beings require three major classes of food.

(1) Carbohydrates.
(2) Proten.
(3) Fats.
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Most human energy derived from corbohydrates and fats, Carbohydrotes are the
source of quickest energy.

Glucose is the simpler carbohydrate, also known gs blood sugar. It is soluble in blood
and is transported by the blood to all the tissues.

In fissues it is oxidized to form CO,ond H,0 ond energy.

We can measure energy available from glucose by determining its heat of combustion.

the bomb calormeter shown in figure 1s used for measuring the energy available from
food, which is just the enthalpy of combustion.

Activity

Weigh 1.8g of glucose and place it in the holder cup of bomb calorimeter and seal it.
Adjust the pressure of oxygen in the ccalorimeter to about 25 atm. Immerse calornmeter
in an insulated water bath fitted with a motorized stimer and ¢ thermometer. Record
the temperature of water. Suppose it is 25°C. ignite glucose electrically when it will burn
energy will flow from the chemicals to the calorimeter and water. Record the

temperature of water again. thermometer will show 31.52°C. if calorimeter has a total
heat capacity of 4.321 K;K '. We can calculate energy available from glucose as

follows:
Increase in temperature = Ar= 31.52°% - 25°C

= 6.92°C

Heat evolved = Ar x total heat capacity of calorimeter

=6.52x4.321 KK '

= 28.1729 KJ
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1.8¢

Number of moles of glucose burnt = ———
180g mole

= 0.01 moles

Since 28.1729 k) of heat was evolved for 0.01 moles of glucose the heat of combustion

28.1729¢

== 2817.29 Kimole
AHnoie

of glucose per mole =

Thus energy available from glucose is 2817.29 KJmole™

SELF-CHECK EXERCISE 11.5

Fats and oils are arich source of energy. They provide more energy as compare o

carbohydrates and proteins. When 1.0g of a typical fat glycerol tnolecte, C,H, 0,

= 12x57+ 1 x104 + 16 x 6 =884 gmole™ .

Rise in temperature = AT =8.77°C =877K
total heat capacity of calorimeter = 4.321 KjK

Heat evolved = 2

Heat evolved = AT x total heat capacity of calonmeter
=8.77 x 4.321 KiK'
=37.895KJ

Ig

Number of moles of glyceryl trioleate bunt = ————
884 g mole

=0.001131 moles

Heat produce by 0.001 1 moles of glyceryl triocleate = 37.895KJ
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37.895¢

Heat produce by 1 mole of glyceryl tnoleate =
P 4 glycery 000113 Imole

= 3.35 x 10° KJmole™

Amount of heat available from this fat = 3.35 x 10* KJmole

Q30. Explain HESS'S law apply HESS'S law to construct simple energy cycle. Also give
the applications of HESS'S law.

Ans. HESS'S law:
GH. Hess stated this low in 1840,

It states that the enthalpy change in chemical reaction is same whether the reachion

takes place in a single step in several steps.
Explanation:

Enthalpy is a state functhion therefore, enthalpy change in ¢ chemical reaction in going
from some initial state to some final state is independent of the path followed by the

reqaction,

Thus in going from @ particular set of reactaont to a porticular set of products, the
chcange in enthalpy is the same whether the reaction takes lace in one step or in many

steps. this principle 1s known as Hess's law.

Mathematically:

Z Aff(coycle) =0

Example:
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Suppose a reactant A changes into the product B in one step and enthalpy change in

AH
this step s V.(g)+20.(g) - 2NO,(g) . Now suppose this change take place in three steps,

AH, +AH, =68KJ

involving a change from A to C, C to D as shown below:

Initial Final
. N '
State State
AH, AH,
C AH,
Fig. 11.4

It AH,, AH, and Al ,are enthalpy changes in these steps, as shown in the figure. Then

according to the Hess's Law.

AH =AH, + AH.+AH.,

HESS'S low to construct simple energy cycle:
Example;

Oxidation of nitrogen to produce nitrogen dioxide cbsorbs 68KJ of energy.
N,(g)+20,(g) - 2NO,(g) AH =68KJ
This reaction can be camed out In two steps.

N.(g)+0.(g) >2NO (g)  AH, =I180KJ
INO(g) + 0.(g) > 2NO.(g)  AH, =-112KJ

NET reachon

N,(g)+20,(g) = 2NO,(g) AH, +AH, =68KJ
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Notice that the sum of two steps gives the net reaction and AH = AH, + AH, =68KJ

For energy cycle see fig.11.4
Example:

Combustion of C to CO, evolves 393.5 KJ of energy.

C(s) +0.,(g) - CO,(g) AH =-393.5KJ

This recction may takes place in two steps.

am%o:(m-»m(g) AH, = -110.52K)

CO(g)+~0.(2) > CO.(g) AH, = -282.98K)

-—

Net reaction C(s)+0.(g) - CO,(g) AH, + AH, =-393.51KJ

Energy cycles:

Thus the enthalpy change in ¢ chemical reaction is iIndependent of the path followed.

Fig. shows energy cycle for this reaction.

2NO (R) ZNO (g) + O,(g)
‘ﬁ-— S :
| L ARS. =.112
‘ ZNO:(2)
s AH.; = 180
= AM = 68
N;(g)+ O;(g) N, (g) + 20, (g)

Fig: energy cycle for the reaction between N, (g) and 0, (g) produce NO,(g)
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Cis) » U;1s) C(s) + % O, (g)

AH‘| = '11053
CO(g)+%0;(g)

H (KJ)

AHoz =-282.98

CO;(g) CO; (g)

Fig: energy cycle for the reaction between C(g) and ().(g) produce ('0.(g)

Applications:

There are many compounds which cannot be prepared directly from ther elements.
Some of these compounds cannot be decomposed into therr constituent elements.
.9. €4, .

Some elements do not bum completely due to the formation of a protective covering

on their surface. Such as Al, B etc.

Thus enthalpies of formation of CCl,, 41,0,, B,O,etc cannot be determined directly by

calormeter.

Hess's law is particularly useful for determining enthalpies of formation of such

compounds.

Example 11.5:

Enthalpy of formation of methane cannot be measured directly. By the application of

Hess's law it can be determined indirectly from the enthalpies of combustion for (//,,

/1.and C.

(i) CH.(g)+20.(8) > CO,()+2H.0(I) AH =-890.4 KImole™
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(ii) H:(g)+%0:(g) A = -2855 Kl mole
()C(s) + 0.(g) - CO.(g) AH = -393.5 KJ mole™
(iv) C(s) + 2H.(g) > CH,(g) AH =?

To obtcin AH for the reguired reaction we must somehow combine equations i, i and
to produce that reaction and add the comesponding Al values. This can be done by

focusing on reactants and products of the requires reaction. The reactants are C(s)

and 2H.(g)and the productis CH,(g). How can we obtain the correct equation?

Reaction (i) has C(s) as reactant which is needed in the required equation. thus

equation (i) will be used equation (i) has #,.(g) as reactant but the required equation
needs 2MH.(g), thus equation (ii) will be used after multiplying by 2. Equation (i) has
CH ,(g)as reactant, but this is needed as product in the required equation, Thus

reaction () must be reversed and the sign of AH changed cccording. Adding the
equations and deleting the species that occur on both sides we get.

CO.(g)+2H,00) > CH (2)+20.(g)  AH =+890.4kj

2H.(g)+0.(g) > 2H.O0l) AH =-571.6K)
Cls) + 0.(g) - CO,(g) AH =-393.5KJ
C(s)+2H.(g)— CH, AH = -74.6K) mole”

This gives the required equation and its enthalpy.

Q31. How we can calcvulate standard enthalpies of reactions with the help of

enthalpies of formation.

Ans: enthalpies of reactions from enthalpies of formation:
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It is often convenient to calculate the AH values for a reaction from values for the

standard enthalpies of formation AH, of the reactonts and products. For a given

reaction.

Mathematically:

AH =) coeffAH, ... ([products) - Y coeffAH, ... [reactants)

Where coeff = coefficient

Elements in ther standard states are not included in the AH reachon calculations 1.e

At tor an element in its standard state is zero. When balanced equation for o

reaction is multiplied by an integer the value of AH for that reaction should be

multiplied by the sacme integer.

Example 1.

Calcvulate A// of reaction for the following reaction, which take place when gasoline

burns in internal combustion engines where the valves of A//, are -269Kj, 0Kj, -

393.5K] for ./ (1), 0.(g). CO.(g) and /.O(/)recpectively
2C.H (1) +250,(g) - 16C0O.(g) + 18H .O(])

Solution:

AH = > coeff AH , (products) - coeff AH , (reacanis)

Fresa o

[16xAH , forCO.(g)+18 xAH, H.O(I) ] - [2xAH  forC.H, (I) +25 xAH , forO,(g))

1 6(-393.5KJ) +18 (-285.8KJ) -2(-269KJ) -25(0)

-6296K) -5144.4K) +538KJ +0

-1 1440.4K J+ 538K J

-10902.4K)
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-1.09x10°KJ

Example 2:

Calcvulate A/7/ _ for the following reaction. This reaction take place in the fissves
of the living organisms where the values of A// are -1258.18Kj, 0Kj, -393.5Kj and -

285Kj for . /7.0, (s), 0.(g), CO.(g) and //.0(/)respectively
2C. H .0, (5)+60.,(g) > 6C0O,(g)+6H.O(])

Solution:

A = Zcr*:tfm AH ( products) - Zme[fj AH  (reacants)
AH .= [6AH , CO,(Q) +6AH, HO(])) - |[AH, C.H,,0,(s)+6AH, 0,(g)]

= [6(-393.5KJ)+ 6(-285.8KJ] — [-1258.18KJ+6X0]
= [-2361.0KJ-1714.8KJ] - [-1258.18KJ]

= -4075.8KJ) + 1258.18KJ

= .2817.62K)

this means one mole (180g) of glucose provides 2818.82KJ energy. Therefore energy

. : 2817.62K. -
provided by one gam of glucose will be M= 15.65K ).
180¢emole

Q32. Explain born Haber cycle for the formation of NaCl Draw a complete Born

Haber Cycle for the formation of NaCl. Calcvulate he lattice energy for NaCl.

Ans: Born Haber Cycle:

Bom Haber cycle is special application of Hess's law to binary ionic compounds. It

helps us to calculate Iattice energies of binary iIonic compounds (M™X ).
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Lattice Energy:

the change in energy thot takes place when separated gaseous ions are packed
together to form one mole of an ionic solid is called lattice energy.

M (g)+ X (g) > MX(s)

Lathice energy cannot be determined directly. However it can be determined

ingirectly by means of born Haber cycle. Consider the case of NaCl. Its standard

enthalpy of formation (AH, ) is -411 K/mole

Cycle:

The formation reaction can be considered as taking place in several steps, one of
which is the formation of lattice. This complete sequence of reaction is called a cycle
(Fig. 11.6)

Step-I:  sublimation of solid sodium. The energy of sublimation for Na(s) is 180 KJmole

Na(s) —» Nalg) AH = +108K.Jmole '

Step-Il: lonization of Na(g) atom to form Na' (Q) ion. This process corresponds to the

first ionization energy for Na.

Na(s) - Na’ (g) tle AH, = +496KJmole”
Step-lll dissociation of C/,molecules. We need to form one mole of Cl atoms by
breaking the CI|-Cl| bond in-_!,- mole of I, molecules. The energy required to break this

bond is 121 KJ/mole and is known as enthalpy of atomization for(l, .

2 Cl,(g) - Clig) AH,, = +121KJmole’

All these three steps are endothermic and are drawn upward in the figure.

Steps-4: formation of CI(g) ion. Energy is released in this step equal to the electron

affinity for CI.
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Cl(g) +1e - ¢ (g) AH,, = -349KJmole’

Step-5: formation of solid NaCl from the gaseous Na™ and (/7 ions. This coresponds to

the lattice energy (AH,) for NaCl(s) which is o be calculated.
Na (g)+Cl(g) - NaCl(s) AH, =?

Calculation of Iottice energy of NaCl:

Since the sum of these five steps gives the overall reaction desired, the sum of the
individual energy changes give the overall give the overall energy change. Thus

AH, =AH +AH,, +AH  +AH,  + AA,

4] 1KJ = +108KJ +496KJ +121KJ + (-349KJ) + AH,
AH, = -411KJ —(108KJ +4961KJ +121KJ - 349K))
AH, = -787 KJmole '

Thus lattice energy of NaClis 787 KJ/mole.

Na(s) —» Na(g) 14 step

Na(g) = Na'(g)+le 204 step
%(."I_._.( g)—->Cl(g) 3¢ step
Cllg)+le = CI (g) 4" step
Na'(g)+Cl (g) = NaCl(s) S" step
Na(s) + ':!z“l'( g) — NaCl(s) net reaction

Electron affinities of atoms are usually calculated from born-haber cycle because it is
difficult to determine electron affinities directly.

Borm-Haber Cycle for the formation of NaCl(s):
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Na(g) + = Cl; (g)

Na(s) + =< C); (g}

SELF-CHECK EXERCISE 11.6

Draw a complete Born Haber Cycle for the formation of MgO(s). calculate the lattice

energy for MgO from the following data.

i) Standard enthalpy of formation of MgO = -602 KJmole ™
ii) Standard enthalpy of formation of Mg = 150 KJmole
iii) lonization energy of Mg(g) to form Mg " (g) is 2180 A/mole ™

iv) Standard enthalpy of atomization of .= 247 KJmole '

v) Electron affinity of O(g) to form© '(g) = -141 KJmole
vi) Electron aoffinity of ¢ '(g) to form © “(g)= 878 KJmole

(Ans: -1367.4KJ)

Solution: AH, =AH +AH, + NH_+A\H, .+ AH,
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-602KJ= +150KJ +2180KJ +247KJ + (-141KJ) +878KJ + AH,
A, = -602KJ) - (+150KJ+2180KJ+247KJ-141KJ+878K )
AH, =-602kj-3314Kj = -3916 KJmole™

To calculcte the lottice energy of MgO following steps must be cdopted

Mg(s) -»Mgl(g) step - |
Mgl(g) = Mg* (g)+2e step - 2
%O,,(g) —0(g) step - 3
Olg) +le” - 0 (g) step -4
O (g)+le >0 (g) step - 5

Mg (g2)+ 0" (g) > MgO(s) step -6
Mg(s)+ %O,_.(g) — MgO(s)

The sum of these steps gives the overall desired reaction.

The Bom-Haber for MgO lattice energy is
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Mg''(g) + O"(g)

878
Mg''(g) + 2¢ + Olg) kJ mole’

-141 kJ mole”’

247 kJ mole™ Mg''(g) + le + O'(g)

Mg''(g) + 2¢ + 2 O, (g)

2180 kJ mole™

AH

Mgig) + 2 O, (g)

I 150 kJ mole™

Mgls) + '4 O, (g)

-602 kJ mole™

MgOl(s)

SUMMARY OF KEY TERMS

e The branch of chemistry which deals with the heat or thermal energy changes in
chemical reactions is called thermochemistry.

e A chemical reaction that proceeds with the evolution of heat is called an
exothermic reaction.

e A chemical reaction that proceeds with the absorption of heat is called an

endothermic reaction.
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e The amount of heat evolved or cbsorbed in a chemical reaction, when molar
quantities of reactants ond product are same as shown in a chemical reaction is
called heat of reaction.

e The study of all types of energy changes associated with chemical and physical
changes is known as thermodynamics.

e The condition of a system when various properties like temperature, pressure,
volume, number of moles etc of system have definite values is colled state of the
system.

e The properties that are determined by the state of the system regardiess of how
that condition woas achieved are called state functions.

e The sum of all kinds of energies of the particles of the system is called as intemal
energy.

e Thus, enthalpy of a substance is defined as the system's intemal energy plus the
product of its pressure and volume (H=E+PV).

e The amount of heat required to raise the temperature of given amount of @
substance by lkelvin is called heat capacity.

e A device that measures heat flow is cclled calornmeter.

e Hess's law states that the enthalpy chonge in a chemical reaction is same

whether the reaction takes place in @ single step or Iin several steps.
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