CHAPTER # 11 oo

THERMOCHEMISTRY =

Q1.

Ans:

Define thermodynamic and thermochemistry.

Thermodynamic:
The study of all types of energy changes associated with physical and

chemical changes is known as thermadynamics.
Thermochemistry:

The branch of thermodynamics that examines the heat involved in chemical

reactions is called thermochemistry.
Note: Every process in this universe whether it occurs in living cells or in test

Q2.
Ans:
i.

if.
ifi.
iv.

V.

Q3.

Ans:

tubes, or in the atmosphere or in water etc. is 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.
Explain the role of energy in chemical reactions.
Role of Energy in Chemical Reactions:

The energy in the form of heat is either evolved or absorbed as a result of

chemical reaction.
This is because, in a chemical reaction old bonds are broken and new bonds

are formed.
Bond breaking always consumes energy and bond making always releases

energy.
When the energy released by bond forming is greater than the energy
consumed by bond breaking, there is a net release of chemical energy.
Whereas energy is absorbed, when the energy of bond breaking is greater
than the energy of bond forming.
Thus in chemical reactions energy is exchanged with the surroundings.
Define the terms system, surrounding, boundary, state function,
heat capacity, internal energy, enthalpy of a substance.

Definitions of Terms Used in Thermodynamics:
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 imaginary surface separating the system from surroundings is

called 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 transfer of thermal energy between two bodies that are at different

temperature

4. Heat Capacity: .

The amount of heat required to raise the temperature of the given quantity of a

substance by one kelvin is called heat capacity

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 transferred when an object is moved by a force is called work

7. Enthalpy of a Substance (H):

It is defined as the system's ipternal energy (E) plus the product of its

pressure and volume (PV). (for detail see section 11.4.1)

H=E+PV

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

Ans: System:

The part of the universe on which we wish to focus attention 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 surroundings.

Boundary:

The real or imaginary surface separating the system from the surroundings is
called the boundary.

Examples:

i In the study of reaction between limestone and hydrochloric acid solution in a
test tube, limestone and hydrochloric acid solution form a system. The test
tube and everything around the test tube is surroundings.

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

Q5. Explain thermochemical reactions and also give its types.

Ans: Thermochemical Reactions:

A balanced chemical equation which also 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 reactions is called thermochemistry.

There are two types of thermochemical reactions: -

(1) Exothermic Reactions:

(2) Endothermic Reactions:

Explanation:

‘When a chemical change takes place, energy is exchanged between system

and its surroundings. Energy has many forms such as heat, light, work etc. A



chemical reaction which proceeds with the evolutlon or absorption of heat is called a
thermochemical reaction.

| 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,0 (/)
(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 is release

during this process.
Endothermic process:

.These processes are favoured by high temperature and heat is absorbed

during this process.
(a) Freezing of water:

Water freezes due to 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 exothermic because during these
processes heat is released that is why combustion of methane is an exothermic
process.

(c) Sublimation of dry ice:

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) — H0 (D)

Gas molecules have high energy when they convert into liquid energy is
released because the liquid molecules have low energy as 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 limestone is an endothermic process.
Q6. Briefly describe the heat of reaction with the help of example.
Ans: Heat of Reaction: ‘

The amount of heat evolved or absorbed in a chemical reaction, when molar
quantities 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:
(i) C(s)+0x(g) — CO,(g) AH° =-393.5KJ
This equation shows that 1 mole of solid carbon (12g) reacts with 1 mole qf
oxygen gas (32g) to give 1 mole of CO, gas (44g) at 25°C and 1 atmospheric
pressure and 393.5 KJ heat is evolved.
(i)  Hxg) + (g9 — 2HI(g) AH® = +53.8KJ
This equation indicates that when 1 mole of H; gas combines with 1 mole of I,
vapours to give 2 moles of HI(g), 53.8KJ energy is absorbed.
Note: 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) + O2(9) AH® = +393.5KJ

ZHI(g) ————————a) Hz(g) + Iz(g) AH® =-53.8KJ
Q7. Briefly explain thermodynamics with the help of examples.
Ans: Thermodynamics:
The study of all types of energy changes associated with chemical and
physical changes is known as thermodynamics.
Motion of automobile:

When gasoline burns in an automobile engine energy is released. A part of
this energy is 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 industries manufacture products that release, absorb
or retain energy.
Fertilizers:

Fertilizers help growing crops absorb solar energy and convert it into the
chemical energy of food.

Batteries: -

Batteries produce electric energy from chemical reaction.
Conclusion:

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 finai state

Hi.  Open system, iv. Close system and isolated system.
Ans: |, State of the system

A complete description of a system, which includes its quantity, temperature,
pressure and volume describe the state of the system.



The condition of a system when various properties like temperature, pressure,

voIL:me, numeer of moles etc of system have definite values is called state of the
system.

Initial state:
_ The initial state of a system is its state before it undergoes a change.
Final state:
‘The ﬁna!‘ state of a system is its state after the change has occurred. In a
chemical reaction, the descripticn 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
material.

Isolated system:

In an isolated system no energy and no material may be exchanged with
surroundings. In fact there is no ideally isolated system. it is hypothetical system
used for a comparison.

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
initial state.

Explanation:

Variables 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 initiai and final conditions, but does not depend on the path
followed. Such variables are called state functions or state variables.

For example:

Let V, is the initial volume of H; gas confined in a cylinder at temperature T;,
and pressure P,. When temperature is increased from T, to T, its volume becomes
V, and pressure changes to P;. The changes in volume (AV) is given by the
following equation.

AV =V, =V,

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

equations.

-

ATsz"T1
AP =P, - P,



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

Spontaneous reactions Non-spontaneous reactions
i. The reactions which processed on their | i. The reactions which required external
own and do not need any external energy | energy to proceed are called non
. tc proceed are cailled spontaneous | spontaneous reactions.

reactions.

ii. For example emission of rays from | ii. For example reaction of nitrogen and
radioactive elements, burning of methane | oxygen to make nitric oxide, thermal
and coal. decomposition of P,Os

. 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 as
internal energy.

It is denoted by E.

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

AE = E; - E;4

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

Explanation:

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

ii. 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.

ili. The kinetic energy of the particles is due to the translational, 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 Reactlon or Heat

of Combustion of a Reaction:

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

This means we can 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:

'

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



Exothermic:

Exo_thermic process, in which heat is released by the system of the
surrqundmg AH is negative. Since, combustion is an exothermic process in which
heat is released by the system to its surroundings, AH is negative.

Examples of exothermic reactions:

() C(s)+0i(9) ———  COyg) AH® =-393.5KJ

(it)  2H;(9)+ 0,9) ——  H,0() AH® =-571.6KJ

(lit) . C(s)+%0,(g) ——  CO(g) AHY =-110.5KJ
Endothermic:

Enqothermic process, in which heat is absorbed by the system from the
surroundings AH is positive.

Examples of endothermic reactions:

() Hig) +h(g) —— 2HI(g) AH® =+538KJ
(i)  C(s) + HO(g) CO(g) + Ha(g) AH® = +131.4KJ
(iil)  Na(g) + Oy(g) — 2NO(g) AH® = +180.5KJ

Q13. Why we can not measure the value of AH for the conversion of
graphite to diamond in a calorimeter?
Ans: Standard States and Standard Enthalpy Changes:

Weé can measure enthalpy change for a chemical reaction at constant
pressure using a calorimeter. However, it is not only very difficult but also impossible
in many cases. This is because some reactions are too slow.

The value of AH for the conversion of graphite to diamond cannot be
measured in a calorimeter because reaction is very slow under normal conditions.
Q14. Calculate the value of AH for the conversion of graphite to diamond

by using following equations.
C grapnita (5) C gamona () AH° =7
() Cgrapnita (8) + 02(g) —— CO,(g) AH° =-393.5K)

(i)  Coalamona (8) + 02(g) — CO,(g) AH°=-3954K
Ans: AH for this conversion can be calculated from heats of combustions of graphite
and diamond measured at the same temperature (25°C) and pressure (1 atm):

C grapnie (8) C siemong (8) AH® =7
(1) C oreohne (8) + O2(9) — CO, (Q) AH® =-383.5KJ

() Coumong (8) * Oa(@) — CO2(g) ~ aH’ =-3954KJ
Notice if we reverse the second equation and add it in first equation, we get

the desired reaction.
() Comprne(8) + Falg) — CBa(g AH® =-393.5KJ

() CB2g) —— Camone(s)+ D2(g) AH® =+3054KJ

Costis (8) — C gismona (8) AH® = +1.8 KJ/moie

Conclusion: |
Thus the enthalpy of diamond is 1.8 KJ/mole greater than graphite at 25°C

and one atm 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 [AHOW
r

/

7

The enthalpy change in a chemical réaction, when reactants and products are
in their standard states and their molar quantities are same as shown by the
balanced chemical equation is called standard enthalpy of reaction.

Examples:
()  2Hx(g) +0O2(9) —
(i) CHa(g) + 20,(g) — CO,(g) + 2H;0 () AH’ =-890.4KJ
(il))  2AI(s) + Fe,04(s) ——  Al,Os(s) + 2Fe(s) AH? =-850KJ
Q16. Define standard enthalpy of formation and how can we write
thermochemical equation for enthalpy of reaction.

Ans: Standard Enthalpy of Formation ( AH?)

2H,0 () AH® = -571.6KJ

It is defined as the enthalpy change that accompanies the formation of one
mole of a compound from its elements with all substances in their standard states.
Standard enthalpies of formation of some compounds are shown in table.

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

H,0(g) -245.1 | Fe,04(s) -824.2 | Na*(aq) -240.1
H,O() -285.8 | Fe,04(s) -824.2 | Na'(aq) -240.1
H,0,() -187.8 | SiO,(s) -910.9 | K'(aq) -252.4
NHa(g) -46.1 | CaCO4(s) -1207 | Mg,’(aq) -466.9
NH.(aq) -80.3 | BaCO4(s) -1219 | Ca,'(aq) -542.8
NoNo() 50.6 | NaOH(s) -425.6 | Aly’(aq) -524.7
HF(@) | -271.1 | KOH(s) -424.8 | C(s, diamond) 1.9
' HCl(g) -92.3 | HONO,(/) -174.1 | CHa(g@) -74.8
HCl(aq) -167.2 | HONO,(aq) -207.4 | C,H.(g) 226.7
HBr(g) -36.4 | (HO),SO() -814.0 | C,H4(Q) 52.3
HI(g) 26.5 | (HO);S0;(aq) | -809.3 | C;Hy(g) -84.7
H,S(g) | -20.6 | NH,Cl(s) | -314.4 | CgHa(q) -103.9
' CO(g) -110.5 | NaCl(s) -411.2 | C4H1o(g) -126.2
CO;(Q) -393.5 | NaBr(s) -361.1 | CeHa(D) 49.0
NO(g) 90.3 | Nal(s) -287.8 | CeHsCHa(/) 121
| NO(g) 33.2 | KCl(s) -436.8 | CsHys()) -249.9
N204(g) 9.2 | KBr(s) -393.8 | CHJOH()) ° -238.7
SOz(g) -296.8 | Ki(s) 327.9 | C,HsOH(/) -277.7
SOs(g) -385.7 | AgCl(s) -127.1 | CH,CHO()) -192.3
MgO(s) -601.7 | CaCly(s) -795.8 | CHsCOCH;(N -248.1
| CaO(s) -635.1 | AICIx(s) -704.2 | CH,COOH() -484.5

Method to write thermochemical equation for enthalpy of formation:
8 Write elements as reactants and 1mole of the compound as product.
il, Show standard states of all the substances.




hi. Finally balance the atoms.
Example:

Write thermochemical equation for the formation of H,0, SO; and
H.0,. Use data given in table
Solution:

: |
(i)  Hag)+ 5 0x(g) ——  H,0 ())AaH] =-285.8 KJ mole”

(i)  S(s)+50,(@ —— SO, (g) AH? =-395.2 KJ mole”

(iif)  Hy(@)+0.(@9 ———  H,0, (/) AH® =-191.2 KJ mole™
Standard enthalpies of formation of some substances are shown in table
Q17.Define standard enthalpy of combustion and how can we write
thermochemical equation for standard enthalpy of combustion?

Ans: Standard Enthalpy of Combustion (AH?)

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

Table: Standard enthalpies of combustion in KJ mole !

H, (g) -285.8 | CH4(g) -890.4 | C¢H6()) -3268
C(graphite) -393.5 | CoHe(Q) -1560 | C,HsOH(/) -1367
C(diamond) -395.4 | CgHys(/) -5512 | CH;,CHO()) -1167
S(rhombic) -296.9 | C,H4(Q) -1411 | CH;COOH() -875
S(monoclinic) -297 .2 | C,H2(9) -1300 | CgH1205¢(s) -2802
(glucose)
Method to write Thermochemical equation for enthalpy of combustion:
i. Write 1mole of the element of compound and oxygen as reactant.

ii. Write oxides of the given element or oxides of elements present in the
compound as products. '
iii. 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:

(i) C(s)+0ug) — CO.(g) AH; =-393.5 KJ mole™
(i)  CH.(g) +20.(g) — CO4(g) +2H,0 () AH =-890.4 KJ mole™
(i) Hig)+502(9) ——  HO0 AH?® =-285.8 KJ mole’

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

’ : 0
Ans: Standard Enthalpy of Atomization (AHaJ



The enthalpy change when one mole of gaseous atoms are formed from
its element under standard conditions is called standard enthalpy of
atomization. e g,

: ]
(i) = H2 (g)
(i) < CL@—— Cl(g AH®, = +121 KJ mole”
Q19. Define standard enthalpy of neutralization with the help of example.

H (g) AHY, =+218 KJ mole™

Ans: Standard Enthalpy of Neutralization (AHﬁj

It is 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 undey standard conditions. e.g.,

NaOH (aq) + HCI (ag) ——— NaCl (aq) + H20() AH; =-57.4KJ mole™

Strong acids and bases ionize completely in their aqueous solutions. Thus,
when solutions of NaOH and HCI are mixed together, the only change which occurs
is the formation of water. Na' and CI” ions 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) + CI” (aq)

Na'(aq)+Cl (aq)+H,O(/) AH? =-57.4KJ mole™

or H* (aq) + OH" (aq) H,O () AH? =-57.4KJ mole™
Q20. Define standard enthalpy of solution and also give its examples,

Ans: Standard Enthalpy of Solution (AH;)OJ

It is the enthalpy change when one mole of a substance is dissolved in
so much solvent that further dilution results in no detectable heat change,

under standard conditions. e.g.,

NH.Cl (s) —22 5 NH;(aq) +CI (aq) AH®, = +15.1KJ male”

H,0

HCl(g) ~——==— H"(aq)+Cl (aq) AH?, =+75KJ mole™

SELF-CHECK EXERCISE 11.2

1. Write thermochemical equation form the given information.
(I) Standard enthalpy of formation of benzene (/) is +49.0

kjmole™

(II) Standard enthalpy of formation of ethanol (/) is -277.7
kjmole™

(III) Standard enthalpy of combustion of acetic acid(/) is -876
kjmole™

(IV) When ethanol is burned in air —1367 KImole™ energy is
released at 1 atm and 25°.



Solution:
(i) 6C(s) + 3H,(g) —— CyH, (I) AH] = +49.0 K] mole™
” 1
(ii) 2¢ (s) + 3H,(g) + ;Oz (g) — C,H;0H (1)
AHF = =277.7 K] mole™?
(iif) CH3C00H (1) + 20,(g) — 2€0, + 2H,0 (1)
AH; = —876 K] mole™
(iv) C;Hs0H (1) +30,(g) — 2€0, + 3H,0 (1)
AH? = -1367 K] mole™?
2. Which of the following equations describe a reaction for which
AH® is equal to the enthalpy of formation of a compound, AH’S

(A) 4AI(s)+20;(g) —— 2A1,0; (s)
(B) 2AI(s) +3/20, (g) —— Al,0; (s)
(C) co(g)+1/20,(g) —— CO; (9)
Solution:
Condition:
i Write elements as reactants and 1mole of the compound as product.
ii. Show standard states of all the substances.
iil. Finally balance the atoms.
(A) 4Al(s) + 20,(g) — 2Al1,0, (s)
As 2 moles of product (2Al;03) produce, that is why this reaction does not
represent the enthalpy of formation.
(B) 2Al(s)+3/20;(g) —— Al;0, (s)
As 1 mole of product (Al;O;) produce from its elements under standard
states, that is why this reaction represents the enthalpy of formation of Al,Q..
(C) CO(g9)+%20:(9) — CO. (9)
As the reactant (CO) is 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
exampie. |

Ans: Bond Dissocliation Energy:
The amount of energy required to break one mole of a particular bond to form

neutral atoms is called bond dissociation energy.

Bond Energy:
The amount of energy released when one mole of a particular bond form from

neutral atoms is calied bond energy.

Nature of reactlon:
‘When a chemical reaction occurs, old bonds break and new bonds form. Bond

breaking always requires energy and bond formation always releases energy.
The difference between bond dissociation energy and bond energy
determines whether the reaction 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.



AHreachon o Z BDE reactants — Z BE Products:
For reaction between H; and O, to produce H,O:

2H; (@) + Oz (g) — 2H,0 ()

:‘\HO =7

AH® =2 xB.D.E of Hyg) + B.D.E of O,(g) - 4 x B.E of O-H bonds
= 2 x (+436KJ) + 493.6KJ - 4 (460KJ)
= 1365 KJ - 1840KJ
AH' =-474.4KJ.
Conclusion:

Thus the reaction between hydrogen and oxygen to form water is exothermic.
Q22. Differentiate between Heat and temperature.

Ans:
L Heat Temperature.
Ei. Heat involves the transfer of energy | i. Temperature is defined as the
| between two objects due to | measure of average kinetic energy of

| temperature difference.
It is the degree of hotness or coldness

the molecules of a substance.

of a system.
il. We use calorimeter for its|1ii. We use thermometer for its
measurement. measurement.

iil. It is not a state function.

ili. It is a state function.

L iv. Its unit is kJ.

iv. Its units are °C, K, °F

v. It is mass dependent.

v. It is independent of mass.

Q23. Define heat capacity.
Ans: Heat Capacity:

The amount of heat required to raise the temperature of given amount of
a substance by 1Kelvin is called 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
temperature change.

q «< AT
q =CxAT

Where ‘C’ is constant of proportionality and is known as the heat capacity of
the substance.
Mathematically:

Heat

e

Heat Capacity =

Q24. Define specific heat capacity.
Ans: Heat capacity:

The amount of heat required to raise the temperature of one gram of a
substance by 1Kelvin is called specific heat capacity.



Unit:

It is expressed in Joules per gram per Kelvin.
Mathematically:
Heat

Specific heat Capacity = ————
gram x AT
Q25. Define molar heat capacity.
Ans: Molar heat capacity:
The amount of heat required to raise the temperature of one mole of a

substance by one Kelvin is called its molar heat capacity.

Unit:
S.1. unit for molar heat capacity is J.K' mole™.
Mathematically:
Molar heat Capacity = _ Heat
moles x AT

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

If the quantity of heat q is absorbed by n moles of the substance and its
temperature raises from T, to T, its molar heat capacity C is give by the expression.

. S
n(T,-T))
Since heat absorbed by a substance at constant pressure is equal to AH.

or AH = nCpAT
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 heat is absorbed by a substance at constant volume, then q, = AE.
| q
v
And - C. ===
v nafl
_ AE
V. nAT
AE = nC VAT
Where C. is molar heat capacity of the substance at constant volume.
Exampie:

Specific heat capacity of Cu = 0.387 J.g'K’



. Molar heat Capacity of Cu = 0.387 x 63.54
=24.59 Jmole' K"

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

released.
Note:

Re-arranging equation (i) we get,
q=CxmxAT

Similarly, if we know mole of the substance then:

q=C xnxAT
q= nxCxAT

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 heat required to
raise the temperature of given amount

of a substance by 1Kelvin is called
heat capacity.

i. The amount of heat required to
raise the temperature of one mole of
a substance by one Kelvin is called
its molar heat capacity.

ii. It is expressed in joules per gram or
joules per mole of the substance.

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

iii.
Heat

Heat Capacity =
pacity AT

1l
Heat

Molar heat Capacity = ———+—
moles x AT

2. Calculate the heat involved when an Al pan weighing 200g is

cooled from 100°C to 25°C at constant pressure. Specific heat

capacity of Al is 0.9 Jg'.K?

Solution:

Mass of Al pan =

200 g

C =09Jg'K!
T,=100°C

Tz = 25°C
Change in temperature = AT =T, - T,

AT = 100—- 25 =75°C

q
q
q
q

= 75°C

~J

mx C x AT
200 x0.9 x 75
13500/

(Ans: 13500J)

As the temperature dif ference on °C and K scale is same, therefore
AT



Q28. Explain calorimetry and also give its types.
Ans: Calorimetry:

Ca!onmetry is the science of measuring heat of a chemical reaction by
measuring the temperature change.

A deyice that measures heat flow is called calorimeter.

Calorimeters measure the heat released from a system either at constant
pressure (g, = AH) or at constant volume (q, = AE).
- Thus there are two types of calorimetry.
i. Constant Pressure Calorimetry:

In constant pressure calorimetry pressure of the system is fixed. For this
purpose we need a thermally insulated container with a thermometer and stirrer. For
most purposes a coffee cup calorimeter is used.

Stirrer Thermometer
Insulated
stopper
;e;::tul;n Nested
insulated
cups
Coffee cup calorimeter
g=mx C x AT
Where m = mass of reactants
C = specific heat of reaction mixture
AT = change in temperature.
ii. Constant Volume Calorimetry:

Constant volume calorimetry is used for accurate determination of the

enthalpy of combustion for food, fuel and other compounds.

i A bomb calorimeter is used for this purpose. Chemical reaction in a bomb
calorimeter takes place under constant volume conditions. A bomb
calorimeter is shown in fig.

ik it consists of a strong closed vessel (th

water bath.

e bomb).immersed in an insulated



Motorized stirrer

Electrical leads for
igniting sample

Thermometer

Insulated container
O2 inlet

Bomb
(reaction chamber)

Fine wire in contact
withsample

Cup holding sample

Water

Bomb calorimeter
Estimation of Heat of Reaction from Experimental Data:
This process can be understood by the foliowing example.
In a reaction 50cm® of 1.0M NaOH neutralizes 50cm® of 1.0M HCI at 25°C.

Use this experimental data to calculate the heat of reaction (neutralization) using a
calorimeter. Specific heat of water is 4.2 Jg 'K

Since neutralization reaction is carried out at constant pressure. We will use
coffee cup calorimeter (shown in figure 11.2) to calculate the heat of neutralization
in"the above example. For this purpose take two nested styrofom cups. The outer
cup will provide extra thermal insulation. Place 50cm® of 1.0M NaOH in the inner
styrofom cup and 50cm® of 1.0M HCI in a beaker. Keep the two solutions for some
time to let them to acquire room temperature. Suppose room temperature is 25°C.
Now add slowly the acid solution into the NaOH 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=mx C x AT
Volume of NaOH
Volume of HCI
Total Volume of reaction mixture =
Density of water

(0o
o
o
a
3

50cm?® + 50cm® = 100cm®

= 1g.cm®
Total mass of reaction mixture (m) = 100cm®x 1g.cm™ = 100g
Raise in temperature AT = 31.9°C -25°C
= 6.9°C

B 6.9K



Now

q = m x C xAT
q = 100g x4.2J.g"‘ K™ x 69K
q = 2.9 x 10°J

M x Volof solutionem’
No. of moles of NaOH 1< Volof solutionem’

1000
- 130 _ .03
1000
Simitarly, No of moles of HCI = Ll =41L0>
1000

Considering, chemical equation.

NaOH (aq) + HCI (ag) ——— NaCl (aq) + H,0 (/)

1 mole 1 mole 1 mole

0.05 mole 0.05 mole 0 05 mole

Thus formation of 0.05 moles of water release heat = 2.9 « 10° J

29x10°
0.05

58 x 10%J mo_le"
58.0 KJ moie ’

Formation of 1 mole of water will release heat

I n

Since heat is evolved at constant pressure,
qp = AH’=-580KJ mole™

SELF-CHECK EXERCISE 11.4

Experimental data shows that when 87.5 cm’ 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 neutralization for the

reaction. (Ans:-47.8KJ)
Solution:
Volume of NaOH = 25cm?
Volume of HCI = 87 5cm’
Total Volume of reaction mixture = 25cm® + 87 S5cm® = 112.5cm3
Density of water = 1gcm? -
Total mass of reaction mixture m: = 112 5cm’  lg cn’ - 112.5g
Rise in temperature — A/ 26 07 C 25 ¢ 1 07

q = m < C x AT

g = 1125 x 4.2 x 1.07 =505.575)
b [ a0 = M x Volume of solution 0. 35 x 25
Number of molesof Na = T ~ = "1000

= 1L 0087.5 moles




0.1 x87.5

Numb s of = —
umber of moles of HCI 1000

= 0.00875 moles

Chemical reaction:
NaOH (aq) + HCl(aq) ——— NaCl(aq) + H,0(D

1mole 1 mole 1 mole
0.00875 mole 0.00875 mole 0.00875 mole
Heatrelease during the formation of 0.00875 moles of water = 505. 572]
505.57

—

Heatrelease during the formation of 1 moles of water = 000875

= 5.78 x 10* Jmole™ = 57.8 k) mole™?
At constant pressure
AHS = —57.8 k] mole™?

Q29. How can we measure energy available from food?
Ans: Estimation of Energy Available from Food:

Human beings require three major classes of food

(1) Carbohydrates.

(2) Fats.

(3) Proteins.

Most human energy is derived from carbohydrates and fats. Carbo'aydrates
are the source of quickest energy.

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

In tissues it 15 oxidized to form CO, and H,O and energy.

We can measure energy available from glucose by determinincy its heat of
combustion. The bomb calorimeter shown in figure is used for rneasurirag the energy
available from food, which is just the enthalpy of combustion.

Weigh 1.8 g of glucose and place it in the holder cup of bomb calorimeter and
seal it. Adjust the pressure of oxygen in the calorimeter to about 25 atm. Immerse
calorimeter in an insulated water bath fitted with a motorized stirrer and a
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 kik'. We can calculate energy
available from glucose as follows:

Increase in temperature = At = 31.52°% - 25°C
=6.62°C

Heat evolved = At x total heat capacity of calorimeter
=6.52 x 4.321KJK’
= 28.1729 KJ

1.8
180g.mole”

-

Numer of moles of glucose burnt =



| = 0.01 moles
Since 28.1729 K| of heat was evolved for 0.01 moles of glucose the heat

28.1729¢
——§——2§7 = 2817.29 KJmole™
0.01 mole™

Thus energy available from glucose is 2817.29 KImole ™.

SELF-CHECK EXERCISE 11.5

Fats and oils are a rich source of energy. They provide more energy
as compare to carbohydrates and proteins. When 1.0g of a typical fat
glyceral trioleate, Cs;H,0,06 is burnt completely in a bomb calorimeter at
25°c raises its temperature by 8.77°C. Total specific heat of calorimeter is
4.321 KJK™. List important steps you will use in the determination of heat
content of this fat calorimetrically. Calculate also amount of heat
available from this fat.

Solution:
Mass of glycerayltrioleate = 1.0g
Molecular mass of glycerayl trioleate (Cs7H1p40)
=12 x 57 + 1 x 104 + 16 x 6 = 884 gmole™!

Rise in temperature = AT = 8.77°C = 877K
Total heat capacity of calorimeter = 4.321kJ K™?
Heat evolved =7
Heat evolved = AT x total heat capacity of calorimeter

= 8.77 x 4.321 kJK! = 37.895kJ

of combustion of glucose per mole =

1g
884 g.mole™!

Number of moles of glyceryl trioleate burnt =

= 0.001131 moles

Heat produce by 0.0011 moles of glyceryltrioleate = 37.895 kJ
37.895g

0.001131 mole

Heat produce by 1 moles of glyceryltrioleate =

= 3.35 x 10* k] mole™?
Amount of heat available from this fat = 3.35 x 10* k] mole

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:
G.H. Hess stated this law in 1840.
It states that the enthalpy change in a chemical reaction is same whether

the reaction takes place in a single step or in several steps.

Explanation:
Enthalpy is a state function therefore, enthalpy change in a chemical
reaction in going from some initial state to some final state is independent of the

path followed by the reaction.

1



Thus in going from a particular set of reactant to a particular set of products,
the change in enthalpy is the same whether the reaction takes place in one step or
In many steps. This principle is known as Hess's law.

Mathematically:
>AH (Cycle) =0
Example:
Suppose a reactant A changes into the product B in one step and enthalpy
change in this step is AH. Now suppose this change takes place in three steps,
Involving a change from A to C, C to D, and finally D to B as shown below:

Initial i AH . Final
State . State
AH, AH,
G AH, o
Fig. 11.4

If AH:, AH; and AH; are enthalpy changes in these steps, as shown in the
figure. Then according to the Hess's Law.

AH = AH; +AH, + AH;
HESS’S law to construct simple energy cycle:
Example:
Oxidation of nitrogen to produce nitrogen dioxide absorbs 68KJ of energy.
N2(9) + 20,(g) ——— 2NO,(g)  AH’ =68KJ
This reaction can be carried out in two steps.

Na(g) + Oz(g) ——— 2NO(g) AH] =180KJ
2NO(g) + 0,(g) —— 2NO; (g) AH;= -112KJ

Net reaction:

N2(g) +20; (g) — 2NO,(g) A H + AH; = 68KJ
Notice that the sum of two steps gives'the net reaction and
AH® =aAH+AH; =68KJ
For energy cycle see fig. 11.4.

Example:

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

Cls) + Oz(g) ——— CO,(g) AH® =-393.5kJ
This reaction may takes place in two steps.

1
C(s) + 57 0,(g) —— CO(g) AH] =-110.52KJ
1
CO(g) + 5 02g) ——— CO.g) AH] =-282.98KJ

Net reaction C(s) + O, (g) ——— CO4(g) AH; +H;]=-393.51KJ



Energy cycles:

Thus the enthalpy change in a chemical reaction is independent of the path
followed. Fig. shows energy cycle for this reaction.

4 2NO (g) 2ZNO (g) + O, (g)
‘ |
: |
! 1 AH% =-112
i i
v 2NO: (g)
S AH®, = 180
x AH = 68
N:(g) + O; (g) N (g) + 20, (g)

Fig: Energy cycle for the reaction between N(g) and O,(g) to produce NO; (g)

" Cis) + O, (s) C(s)+% 0, (g)
.SHol =-110.53
B CO (g) + % 0,(g)
) =-3935
= H°% = -282.98
\d
CO;(g) CO;(g)

Fig: Energy cycle for the reaction betwoen C(s) and O;(g) to produce CO; (g)
Applications:

There are’ many compounds wﬁlgh cannot be prepared directly from their
slements. Some of these compounds cannot be decomposed into their constituent

elements. e.g. CCl,.

Some elements do not burn completely due to the formation of a protective
covering on their surface. Such as Al, B etc,

Thus enthalpies of formation of CCl,, Al,O;, B;O; etc cannot be determined

directly by calorimeter.
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 e enthalpies of
combustion for CH,, H, and C.

(1) CH. (g) + 20, (g) — CO; (g) + 2H0() AH" =-890.4KJ mole™

-



(i) H.3+ = O O \I1 =-2855KJ mole”
(iii) Cts)+ O: (g) CO:-(g! \Il =-393.5KJ mole”

(v) Cis) + 2H.(g) ———CH, (g} \H =7
To cbtain \H" for the required reaction we must somehow combine equations
L ii. and i tc produce ‘hat reacior and asd ‘nc corresponding \H " values This

can te ine oy luuusig on reaciants ana giosucts of the required reaction. The
reactants are C{s) and 2H-(g) and the product 1s CH4(g). How can we obtain the
correct equation? Reaction (iii) has C(s) as reactant which is needed in the required
equation. Thus equation (iii) wili be used as such Equation (i) has H,(g) as reactant
but the required equation needs 2H.(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 (i) must be reversed and the sign of AH°
changed according. Adding the equations and deleting the species that occur on
both sides we get.

CO;(g)*+2H;0{fj, ——— CH.(g)+20;(g) AH =+890.4KJ

2H. (9) + O: (g) s S0 1) AH' =-5716 KJ
C (s) + O:(g) —— CO. (g) \H"=-393.5KJ
C(s) + 2H4(g) ——— CH.:(g) AH"=-74.6 KJ mole’

This gives the required equation and its enthalpy.

Q31. How we can calculate standard enthalpies of reactions with the
help of enthalpies of formation.
Ans: Enthalpies of Reactions from Enthalpies of Formation:

It is often convenient to caiculate the A" values for a reaction from values

for the standard enthaipies of formation All’ of the reactants and products. For a
given reaction
Mathematically:
\H® = Y coeffo\ ] fprocucis: - X, Coef . \H, (reactants)
Where coeff = Coefficient
Elements 1n therr standarg status are not included in the A H® reaction
calculation 1.e. AH for an element in its standard state is zero. When balanced

equation for a reaction 1s multiplied by an integer. the value of A H° for that reaction
should be multiplied by the same integer.
Example 1:

Calculate A H of reaction for the followinj reaction, which take place when
gasoline burns in internai combustion engines. Where the values of A H' are -269Kj,

OKj, -393 5Kj and -285K| for CaH-¢ (), O4(g). CO.(g) and H,O(/) respectively
2CsH,5 () + 250,(g) 16C0O:(g) + 18H,0())




Solution:

A Heacton = X coeffp \ L (products) - Y cocf.A 11 (reactants)

H

[16 «AH| for CO,(g) + 18 «\H| for H.O(N)] -

(2 xAH] for CeHug (N + 25 -AH for Oy(g)]
16(-393.5KJ) + 18 (-285 SKJ) - 2 {(-269KJ) - 25(0)
-6296 KJ - 5144 4KJ + 538KJ + 0

-11440.4 KJ + 538KJ

-10902 .4 KJ

-1.09 x 10*KJ

" W omnu

Example 2:
Calculate AH® aci0n for the following reaction. This reaction takes place in the
tissues of the living organisms. Where the values of A H; are -1258.18Kj, 0Kj,

-393.5Kj and -285K; for CgH,,06(s). O2(g), CO,(g) and H.O(/) respectively
Solution:

C6H1205(5) * 602(9) ——t SCOZ(Q) + SH;O(/) ;\Ho reaction — 7
AH® (eacion = £ Coeff,AH (products) - T coeff(AH (reactants)

AH® reaction = [6AH| CO,(g) + 6 \H (H,0()

— [AH; CeH:206 + A H | O4(g)]

[6(-393.5KJ) + 6(-285.8KJ] - [-1258.18KJ + 6x0]
[-2361.0KJ - 1714.8KJ] -'[-1258.18KJ]
'—4075.8KJ + 1258.18KJ
-2817.62KJ
This means one mole (180g) of glucose provides 2818.82KJ energy.
Therefore energy provided by one gram of glucose will be

2817.62KJmole” = 15.65K].
180gmole™ .

Q32. Explain Born Haber cycle for the formation of NaCl Draw a complete
Born Haber Cycle for the formation of NaCl. Calculate the lattice
energy for NaCl.

Ans: Born Haber Cycle:

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

It helps us to calculate lattice energies of binary ionic compounds (M*X’).

Lattice energy:

The change in energy that 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)
Lattice energy cannot be determined directly. However it can be determined
indirectly by means of Born Haber cycle. Consider the case of NaCl. Its standard

enthalpy of formation (AH ) is -411KJ 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-1I: Sublimation of solid sodium. The energy of sublimation for Na(s) is
108 KJ mole™
Na(s) ————— Na(g) AH! =+108 KJ/mole
Step-II: lonization of Na(g) atom to form Na’(g) ion. This process
corresponds to the first ionization energy for Na.
Na(g) — Na'(g) +le AH%g=+ 496 KJ/mole
Step-III: -+ Dissociation of Cl, molecules. We need to form one mole of Cl atoms
’ by breaking the CI-Cl bond in —l— mole of Cl, molecules. The energy

required to break this bond is 151 KJ/mole and is known as enthalpy
of atomization for Clis.

‘Cl(g ———  CI@ AHS =+121KJ/mole

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

Step-4: Formation of CI(g) ion. Energy is released in this step equal to the
electron affinity for CI.
Ci(g) + le —— CI(qg) AHz o =-349 KJ/mole
Step-5: Formation of solid NaCl from the gaseous Na® and CI ions. This
corresponds to the lattice energy (AH, for NaCl(s) which is to be
calculated.
Na® (g) + CI' (g9 ——— NaCli(s) AHS =7

Calculation of lattice 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 energy change. Thus

AH? = AH: "'AHDLE“'AH: +AH°EA+ AH:)
- 411KJ = + 108KJ + 496KJ + 121KJ + (-348KJ) + AH;’
AHIO = -411KJ ~ (108 KJ + 4961KJ + 121KJ — 349KJ)

AH] =-787KJ mole™
Thus lattice energy of NaCl is 787 KJ/mole.

Na(s) s Na(g) 1% Step

l\;a(g) ] Na'(g) + le’ 2" Step

» 5 Cl(g) e S = - 3" Step
S Cl(g) + le’ _ Cl' (g) 4" Step
Na® (g) + Cl'(g) —— NaCl (s) 5™ Step

I
Na(s) + el Cl; (9) —— NaCl(s) Net reaction



Electron affinities of atoms are usua! y calcuiated from Eorn-Haber cycle
because it is difficult to determine electror ainties dr ect, v

Born-Haber Cycle for the formation of NaCl (s):

Na“(g) +e + Cl(g)

: S
121K
— i Na'(g) + & + ~Cl. (g) |
| Na“(g) + Cl (g) |
i }496KJ Y-349KJ |
= | 1 ’
2 Na(g) + = CI
> | l1osky ? e
ot |
¥ - 1 ~
S ! Na(s) + = Clz (g) i
411K | Nacl(s) i.\}{“ '
Y

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'1

ii) Standard enthalpy of sublimation of Mg = 150KIJmole’

iii) Ionization energy of Mg(g) to form Mg**(g) is 2180 KJ mole

iv) Standard enthalpy of atomization of 0, = 247 KJ mole™

v) Electron affinity of O (g) to form 0 (g) = -141 KJ mole™

vi) Electron affinity of 0"(g) to form O* (g) = 878 KJ mole™

(Ans: -1367.4KJ)

Solution: AH; = AHg + AH{y + AH), + BHE 4y + OHg 4y + AHY
-602 k] = +150 k] + 2180 k] + 247 kJ + (—-141 k]) + 878 k] + AH]
AHY = —602 k] — (+150k] + 2180 kJ + 247 k] — 141 k] +878k]J)

AH¢ = —602 kJ — 3314 k] = —3916 k] mole™!

To calculate the lattice energy of MgO following steps must be addopted
Mg(s) — Mgl Step — 1

Mg(g) —_— Mg**t(g) + 2e7! Step — 2




—%02(9) — 0(g) Step — 3
O(g) + 1le — 0 (g) Step — 4
0°(g) + 1e- ——  0* (g) Step— 5

Mg**(g)+ 0* (g)——  MgO(s) Step — 6

Mg(s) + 30, (g) — MgO(s)
The sum of these steps gives the overall desired reaction.
The Born-Haber for MgO lattice energy is

, Mg*'(g) + O™ (g)
X

878
Mg''(g) + 2¢" + Olg) | kdJ mole™

-141 kJ mole"l

247 kJ mole™ Mg'*(g) + 1e- + O'(g)

Mg (g) + 2e” + 2 O, (q)
A

2180 kJ mole™
AH¢

Ma(g) + Y2 O,(g)

T 150 kJ mole™

Mg(s) + 2 O, (g)

-602 kJ mole™

MgO(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

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

* A chemical reaction that proceeds with the absorption of heat is cailed an
endothermic reaction.

* The amount of heat evolved or absorbed in a chemical reaction, when molar
quantities of reactants and product are same as shown in a chemical
reaction is called heat of reaction.

* 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
called state of the system.

* The properties that are determined by the state of the system regardless of
how that condition was achieved are called state functions

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

 Thus, enthalpy of a substance is defined as the system's internal 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 a
substance by 1Kelvin is called heat capacity.

A device that measures heat flow is called calorimeter.
Hess’'s Law states that the enthalpy change in a chemical reaction is same
whether the reaction takes place in a single step or in several steps.

EXERCISE

MULTIPLE CHOICE QUESTIONS

Choose the Correct Answer
(i) Which of the following substances have zero value for their

standard enthalpy of formation.

(a) O; (b) H,0 (¢) ZnO (d) None of these.
(ii) Calorie is equivalent to
(a)4.18J (b) 4.18KJ (c) 0.418J  (d) 0.418KJ.
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(iii)) Enthalpy of neutralization of all the strong acids and strong
basis has the same value due to
(@) The formation of salt and water
(b) The formation of salt
(c) The complete ionization of acids and bases
(d) The combination of H" and OH' ions to form water.
(iv) Total heat content of a system is called

(a) Enthalpy (b) Internal energy
(c) Heat (d) State function
(v) Heatof of a substance is always negative
(a) Formation (b) Combustion
(c) Decomposition (d) Solution
(vi) A balloon filled with oxygen is placed in a freezer. Identify
system
(a) Balloon (b) Oxygen (c) Freezer  (d) All of these
(vii) A bomb calorimeter is used in calorimetry
(a) Constant volume (b) Constant pressure
(c) Bothaandb (d) Constant temperature
(viii) Boron Haber cycle is used to determine lattice energies of
(a) Molecular solids (b) lonic solids
(c) Covalent solids (d) Metallic solids

(ix) g= AH when
(@) AV=0 (b) P=0 (c) AE=0 (d) None of these
(x) Enthalpy of combustion for C is —393.5 KJmole™

C(S) F 02(9) — COZ(g) A HOCombustion = '393-5 KJmole".
Enthalpy of formation of CO, would be
(a) +393.5KJ (b) -393.5 KJ (c) Zero

(d) Cannot be predicted form the given equation
(xi) Which of the following is not a state function of a system.
(a) Thermal energy at constant pressure
(b) Enthalpy
(c) Internal energy
(d) Work done
(xii) For writing a thermochemical equation for enthalpy of
combustion of an element requires,
(a) 1 mole of element as reactant
(b) 1 mole of oxide of element as product
(c) Standard states of all the substances
(d) Balanced equation of 1 mole of element
1.a
2.ab
3.8¢d
4.a b cd

R Answers
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2. Name and define units of thermal energy.
Ans: Units of Thermal Energy:
SI Unit:
Unit of heat or thermal energy used in S| system is the Joule (J).
Joule (J):
It is defined as the energy required to move an object or a particle through a
distance of one meter by a force of one Newton.
Common Unit of Heat:
Common unit of heat is the calorie.
Calorie:
It is defined as the heat or thermal energy required to raise the temperature
of one gram of water from 14.5 to 15.5°C.
Relationship:
' 1 Calorie = 4.18 Joules
3. Define the terms system, surrounding, boundary, state function,
heat capacity, internal energy, enthalpy of a substance.
Ans: 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 imaginary surface separating the system from surroundings is
called boundary
State Function:
A property of a system that is determined by the state of the system
regardiess of how that condition was achieved is called state function
Examples:
Pressure (P), temperature (T), volume (V) and energy (E)
Heat Capacity:
The amount of heat required to raise the temperature of the given quantity of a
substance by one kelvin is called heat capacity

Internal Energy:
The sum of all kinds of energies of all the particles of a system is called

internal energy

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 detail see section 11.4.1)
. H=E+PV
4. Classify reactions as exothermic or endothermic.
Ans: (1) Exothermic Reactions:

A chemical reaction that proceeds with the evolution of heat is called an
exothermic reaction. In an exothermic reaction the chemical system transfers
energy to the surroundings as the reactants are converted to products e.g. burning
of fuels is a highly exothermic reaction. The energy released can be used to heat a

room, or to derive an engine or to cook food.



Examples of exothermic reactions:
() C(s)+ 099 ———  COqAg) AHY =-393.5KJ
(ii)  2Hx(g) + Og) ———  HO() AH® =-571.6KJ
(iii) C(s) + % 0. (g) CO(g) AH® =-110.5KJ
(2) Endothermic Reactions: _
A chemical reaction that proceeds with the absorption of heat is qalled
an endothermic reaction In these reaction heat is transferred from surrounding to

the system.
Examples of endothermic reactions:

(i) Ha(g) + 12(g) 2HI(g) AHY =+53.8KJ
(ii)  C(s) + H,0(g) CO(g) + Ha(g) AHY = +131.4KJ
(ifi)  Nu(g) + Oz(g) 2NO(g) AH® = +180.5KJ

5. Define bond dissociation energy.
Ans: Bond Dissociation Energy:
The amount of energy required to break one mole of a particular bond to form
neutral atoms is called bond dissociation energy.
6. Describe how heat of combustion can be used to estimate the
energy available from foods.
Ans: Constant Volume Calorimetry:

i Constant volume calorimetry is used for accurate determination of the
enthalpy of combustion for food, fuel and other compounds.
i, A bomb calorimeter is used for this purpose. Chemical reaction in @ bomb

calorimeter takes place under constant volume conditions. A bomb
calortmeter is snown in fig

iii. It consists of a strong closed vessel (the bomb) immersed in an insulated
water bath

Motorized stirrer

Electrnical leads tor
igniting sample

Thermometer

Insulated container
(): mlet

Bomb
{reaction chamber)

Fone wire in contaact
with sample

Cup holding sample
Water

Bomb calorimeter



Estimation of Energy Available from Food:

Human beings require three major classes of food

(1) Carbohydrates.

(2) Fats.

(3) Proteins.

Most human energy is derived from carbohydrates and fats. Carbohydrates
are the source of quickest energy.
_ Glucose is the simpler carbohydrate, also known as blood sugar. It is soluble
In blood and is transported by the blood to all the tissues.

In tissues it is oxidized to form CO, and H,O and energy.

We can measure energy available from glucose by determining its heat of
combustion. The bomb calorimeter shown in figure is used for measuring the energy
available from food, which is just the enthalpy of combustion.

Weigh 1.8 g of glucose and place it in the holder cup of bomb calorimeter and
seal it. Adjust the pressure of oxygen in the calorimeter to about 25 atm. Immerse
calorimeter in an insulated water bath fitted with a motorized stirrer and a
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 kjk'. We can calculate energy
available from glucose as follows:

Increase in temperature = At = 31.52°% - 25°C = 6.52°C
Heat evolved = At x total heat capacity of calorimeter
=6.52 x 4.321KJK" =28.1729 KJ

. 1.8
Number of moles of glucose burnt = -———-g’—, = 0.01 moles
180g.mole
Since 28.1729 KJ of heat was evolved for 0.01 moles of glucose the heat
28.1729 .
of combustion of glucose per mole = ______g_‘ = 2817.29 KImole™
0.01 mole

Thus energy available from glucose is 2817.29 KJmole™.
7. Apply Hess’s law to construct simple energy cycles.

Ans: HESS’'S law to construct simple energy cycle:
HESS'S law can be use to construct energy cycles.
Example: Oxidation of nitrogen to produce nitrogen dioxide absorbs 68KJ of energy.

N2(g) + 20,(g) —— 2NO2(9) AH” =68KJ
This reaction can be carried out in two steps.
N2(g) + O2(g) 2NO(g) AH] =180KJ

2NO(g) + O5(g) — 2NO;(g) AH;=-112KJ

Net reaction:
No(g) + 20, (g) — 2NOz(g) A H,“ + A H‘:’ = 68KJ



Notice that the sum of two steps gives the net reaction and
\H" =AH + \H'" =68KJ
For energy cycle see fig. 11 4.

Example:
Combustion of C to CO, evolves 393.5 KJ of energy.
C(s) + O(g) — CO4(g) AH" =-393.5KJ
This reaction may takes place in two steps.
1
C(s) + 570,(9) — CO(g) AH; =-110.52KJ
1
CO(g) + 5 O:g) — COx(g) AH; =-282.98KJ
Net reaction C(s) + O, (g) ——— CO2(g) AH!+H]=-39351KJ
Energy cycles:

Thus the enthalpy change in a chemical reaction is independent of the path
followed. Fig. shows energy cycle for this reaction.

7 2NO (g) 2NO (g) + 0,(g)
¥
AH%; = -112
2NO; (g}
5 x&Hol = 180
-t AH = 68
N:(g) + 0:(g) N:(g) + 20, (g)

Fig: Energy cycle for the reaction between Nz(g) and O(g) to produce NO; (g)

? C(s) + O,(s) Cls)+% 0, (g) -
AH°1 E '11053
CO (g) +% 0, (g)
5 AH® = -393.5 |
= AH®, = -282.98
4
CO,(g)

CO, (g)

Fig: Energy cycle for the reaction between C(s) and O,(g) to produce CO, (g)



8. Relate change in internal energy of a system with thermal energy at
constant temperature and constant pressure.
Ans: Relationship between Internal Energy of a System and Thermal
Engrgy at Constant Temperature and Pressure:

Che.mnca| reactions are generally carried out in open containers. Therefore,
th_ese reactions take place at constant pressure. This means that volume of reaction
sm;:::;: can change. Thus, PV work can be done and heat can flow to or from the

According to the first law of thermodynamics,

_ AE = qp+ PAV
* Where q, is the heat transferred to the system from the surroundings. PAV is
work done by the surrounding on the system at constant pressure. If the system
does work on the surrounding then,
AE = q,~ PAV
Rearranging this equation,
Qo= AE + PAV
. If a chemical reaction involves only PV work at constant pressure, q, becomes
an important quantity. In this case, q, represents the heat absorbed or evolved by
the reaction at constant pressure and is known as enthalpy change, AH Thus, the
thermal energy for a reaction is equal to change in internal energy (AE) of the
system plus PV work done by the system at constant pressure. This thermai energy
change is called enthalpy change (AH) of the system. Therefore,
ge= AH = AE + PAV .icve vosmiisoinn (1)
Enthalpy:

Enthalpy of a substance is defined as the system’s internal energy plus
the product of its pressure and volume (H=E + PV).

Absolute value of enthalpy of a system cannot be measured. However,
change in enthalpy of a system (AH) can be measured.

Since enthalpy change (AH) for a reaction is measured as thermal energy or
heat (q,), therefore it is also known as heat of reaction. For @ combustion reaction,
AH is also calied as heat of combustion.

Since, there is no appreciable volume change in reactions involving solids or

liquids, so AV = 0. Therefore, equation (1) becomes,

AH = AE + P(0)
Thus AH=AE
Standard enthalpy change:

Standard enthalpy change is enthalpy change at constant pressure (1 atm)
and constant temperature (25°C) and is denoted by AH®. Superscript zero indicates
that the reaction has been carried out under standard conditions. Under these
conditions reactants and products are in their standard states.

Equation (1) can be written as
q,= AH° = AE® + PAV
Conclusion:

Thus thermal energy change f
internal energy of a system plus PV work done by

temperature and pressure.

or a reaction is equal to the change in the
the system at constant



9. When ethanol burns in oxygen, carbon dioxide and water are formed
(a) Write the equation which describes this reaction.
(b) Using the following data, calculate the enthalpy of combustion
for ethanol C;Hs0H.

A H¢ for ethanol(/) = -277.0 KIJmole™

A H° €CO4(g) = -393.5 KJ mole?, A H® water(l) = -285.8KJmole™
Solution:
(@) C.HsOH , +30, - 2C0y, + 3H,0 AH:° = -1367 kJ mole”

(b) Required equation:

Heat of combustion of liquid C;HsOH,

CszOHm + 302(g) -_— 2002(;;) * 3Hzo(1) AHo = 7
Given equations:
A H$ liquid ethanol (C,HsOHy)

2C(g + 3Hyq) + -;-om) — C;HsOHy) AHP = -277.0 kd mole™............. (i)

A H} of gaseous COyq

C(,) + Oz(g) —— COz(g) AH;? =-393.5kdmole” ......... ... (ii)
A H}) of E|QU|d H O(;)
Hz(g) + Oz @ — HZO(I) AH,- = -285.8 kJ T“C)le.1 ............. (lll)
To get the reqwre equation following steps should be adopted
Step 1: Multiply equation (ii) by 2,
Step 2: Multiply equation (jii) by 3,
Step 3: Reverse equation (i),
Step 4: Then add ail the resulting equations, we get the required the enthalpy
of combustion for ethanol C;HsOH.
2Cy + 20,5 — ZCOz(g) AH = -787.0 kJ mole™
3Hz@ + goz(m — 3H0y) AH = -857.4 kJ mole™
C2HsOH, — 2Cs) + 3Hz + % Oy AH = +277.0 kJ mole™

C:HsOHy + 3035 - 2COgq + 3H,0,  AH? = -1367.4 kJ mole™

10. Calculate from the data in table 11.1 and 11.2 the enthalpy changes
of the following reactions at standard conditions.

(a) CeHe(l) — 6C(s) + 3H2(g) (Ans: -49.6 KJ/mole)

(b) ~;-N,(g) + %HZO(g) = NHs(g) + %o,(g) (Ans: 321.55 KJ)

Solution:
(3) CeHe(l) - 6C(s) + 3H2(g)
Required equation:



Heat of decomposition of liquid CgHgy

CoHey B 6Cs) + 3Hyq AH°=7?
Give equations:
Heat of combustion of liquid benzene CsHg,
15
CeHe oy ¥+ - Oz2p9 ——  BCOuq + 3H,0p  AH° =-3268 kJmole™ ... ()
Heat of formation of gaseous CO;,
Co *+ Oy — COy AH® = -393.5kJ mole’ ... (ii)
Heat of formation of liquid H,0y
Hag + %40y — H0 AH®* =-285.8 kJmole™ .............. (iii)
To get the require equation following steps should be adopted.
Step 1:  Multiply equation (i) by 6 and reverse the equation.
Step 2: Multiply equation (iii) by 3 and reverse the equation.
Step 3: Take equation (i) without any change.
Step 4: Then add ail the resulting equations, we get required enthalpy
changes.
BCOy;  ——  6Cy + 60y AH° = +2361.0 kJ mole™
3H,0y, —  3Hyg + 3/2 Oy AH® = +857.4 kJ mole™
CeHey + 5 Oz —— BCOgq + 3H,0y  AH® =-3268 kJ mole™
CeHety — 6Ciy + 3Haq AH® = -49.6 kJ mole™
] 3 3
(b) 5 Ni(g) + 3“20(9) — NH,(g) + 202(9)
Required equation: ;
% Nag + ; HaOg —— NHig + Oz AH =7
Glven equations:
Heat of formation of gaseous NHjy,
2Ny + PHyg — NHyg AH® = -46.1 kJmole™ ............. (i)
Heat of formation of gaseous H,O,
Hig + 3029 — H:Og AH° = -245.1 kd mole™ ............... (ii)

To get the require equation following steps should be adopted.
Step 1:  Muiltiply equation (i) by 5;- and reverse the equation.
Step 1:  Take equation (i) as such.

Step 1: Then add all the resulting equations, we get

Naw * 3Hag — NHag AH® = 46.1kJ

Nise NN

3 3 ..
H20, —_— 2 Hag + 202(0) AH°® = +387.65 kJ

, 3 CY—
INag + FHOg — NHy+30z9 aH'=+32155k)



11. The heat of combustion of liquid benzene, C¢H¢ to form H;0 and CO,;
at 1 atm and 25°C is —3268 KIJmole® of benzene. What is the heat of
formation of liquid benzene under these conditions. (Ans:+49.6 KJ/mole)

Solution: Required equation: Heat of formation of CeHs)

GC(s) + 3H2(Q) — C5H5“) AH®=7?
Given equations: Heat of combustion of liquid benzene CgHa)

CeHayy + 2 0z — 6COzq + 3H,0,  8H° =-3268kJ mole™ (i)
Heat of formation of gaseous CO;,

Ca + Oz ——  COyy AH° =-393.5kJ mole™ ... (ii)
Heat of formation of liquid H,O,

Hag + 5 Oz9 — H:Oy AR°, = -285.8 kJ mole™ ..........(ii)

To get the require equation following steps should be adopted.

Step 1:  Multiply equation (ii) by 6. Step 2:  Multiply equation (iii) by 3.

Step 3:  Reverse equation (i).
Step 4: Then add all the resulting equation, we get

6Cs) + 60y, —— 6COy A H® =-2361.0 kJ mole™
3Hyg + 5029 — 3HOy A H° = -857.4 kJ mole”
6CO4q + 3H,0,) —— CeHg) + ‘75 Oz A H°= +3268.0 kJ mole”™
6Cs + 3Hyq, —— CeHey) A H° = +49.6 kJ mole™

12. Specify conditions for the standard heats of reactions.
Ans: Condition for Standard Heat of Reaction:
AH varies with conditions, we use standardized AH values. These values are
calculated when all the substances are in their standard state.
Conditions for the standard states are as follows:
1. Standard state for a gas is 1 atm.
2. Standard state for an element or a compound is the most stable physical
state at 1 atm and 25°C (298 K).
3. Standard state for a substance in aqueous solution is 1M concentration.
Now we will define important enthalpies.
13. Explain reaction pathway diagram in term of enthalpy changes of
the reaction.
Ans: HESS'S law to construct simple energy cycle:
HESS'S law can be use to construct energy cycles.
Example: Oxidation of nitrogen to produce nitrogen dioxide absorbs 68KJ of energy.

N(g) +202(g) 2NO,(g) AH® =68KJ
This reaction can be carried out in two steps.

Ny(g) + Ox(g) — 2NO(g) aH; =180KJ
2NO(g) + Oz(g) —— 2NO, (g) aHi=-112KJ :

e e e o e o e o 0 0 = T T - - - ——— . - v .
- - -

Net reaction: N,(g) + 20, (g) 2NO,(g) AH)+aH? =68KJ




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) + Ox(g) — CO4(g) AH® =-393.5KJ
This reaction may takes place in two steps.
l (o]
C(s) + 570y(g) ——  CO(g) AH; =-110.52KJ
1 [+]
CO(g) + 5~ Oz(g) —— COx(g) AH; =-282.98KJ
Net reaction C(s) + O, (g) —— CO4(g) AH; +H;=-393.51KJ
Energy cycles:

Thus the enthalpy change in a chemical reaction is independent of the path
followed. Fig. shows energy cycle for this reaction.

4 2NO (g)

2NO (g) + O (g)
* AHOZ =-112
2NO; (g)
‘5 AH° = 180
; AH = 68
N.(g) + O (g) N (g) + 20:(g)
Fig: Energy cycle for the reaction bétween N,(g) and O,(g) to produce NO; (g)
2 C(s) + O (s) C(s) +% 0, (g)
AH% =-110.53
CO (g) + % 0, (g)
) AH° =-393.5 |
T L AH%; =-282.98
CO: (g) CO; (g)

Fig: Energy cycle for the reaction between C(s) and O,(g) to produce CO; (g)



14. State and explain First law of Thermodynamics.
Ans: First Law of Thermodynamics:
Energy can neither be created nor be destroyed during a chemical reaction
but it can be transferred from one form to another form.
OR
The total energy of a system and its surroundings always remain conserve.
OR
Total energy of the universe always remain conserve.
Mathematically:

A system can exchange energy with its surroundings in two distinct ways.
Energy can be transferred as heat or work.

Heat and work can be transferred into or out of the system. Because energy
must be conserved, the energy change of the system is linked to the flow of heat
and work.

AE=q+w

This equation is the mathematical form of first law of thermodynamics.

Where AE represents the change in the system's internal energy, q
represents heat and w represents work.

Conversion of signs:

W has positive sign when work is done on the system and negative when
work is done by the system.

q is positive when system absorbs heat and negative when loses heat.
Explanation:

Consider a gas confined to a cylinder having a movable piston as shown in
Fig.

P=F/A

= F/A

Ah

Volume
change

\ (.ro» wctmnal
Initial state area = !‘mal state
Pressure volume work
Suppose system absorbs AE energy from a source. On absorbing energy gas
expands inside the cylinder and pushes the piston through a distance 4h. A part of
AE absorbed becomes thermal energy q and remaining energy is consumed in
doing work w on the piston. Therefore:

AE=q+w



Since pressure is defined as force per unit area, the pressure of the gas (P) is

F=P XA e (1)
Work done on the piston is:
Work = force x area W=F X Ah -=-eeemeeeeu (2)
From equations 1 and 2, we get.
W=P x A X Ah ~cceceemee- (3)

During expansion, the gas changes its volume. This volume change AV is
equal to the product of area (A) and displacement (:Ah).

AV = A Ah
Therefore equation 3 becomes.
W=P x AV

The gas (the system) is expanding, pushing back the piston against the
pressure. Therefore, the system is donng work on the surroundings, so the sign of
work should be negative.

W =-PAV
Pressure — volume work:

Such type of work is done in an automobile engine. Heat from the combustion
of the fuel expands the gases in the cylinder to push back the piston. The piston
turns a crankshaft which does work to move the automobile. This type of work is
called as pressure-volume work. Under these conditions:

AE =q-PAV
15. Caiculate the work associated with the expansion of a gas from
50dm’ to 68dm° at a constant external pressure of 10 atm.
(Ans: 180 atm.dm?)

Solution: Here P =10atm
AV =V, -V, = 68-50=18dm’

As w = PAV
So w= 10x 18
= 180 atm.dm?

16. Camphor (CioH;150) has 8 heat of combustion of 5903.6 KJ/mole. A
sample of camphor having mass of 0.1204g is burned in a bomb
calorimeter. The temperature increases by 2.28°C. Calculate heat

capacity of the calorimeter. (Ans:3.2798KJ/K/mole)
Solution: Mass of camphor =m =01204g

Increase in temperature =AT =228°Cor228K

Enthalpy of combustion = AH? = 59036 kJ mole™
Molar mass of camphor (CycH:sO) =12 x10 + 1x16+16

= 152 g mole”
- 01204y _ -4
Number of moles of camphor = ————= =7.92 x 10” moles
152 g mole

1 mole of camphor produce heat = 5903.6 kJ
7.92 x 10 moles of camphor produce heat = 5903.6 x 7.92 X 10*
= 4675 kJ
In a constant volume calorimeter
Heat evolved = AT x Total heat capacity of calorimeter



4675 kJ =2.28 x Total heat capacity of calorimeter

42’62785 = Total heat capacity of calorimeter
or Total heat capacity of calorimeter = fz'—%% = 2.05 kJ K
17. In a coffee-cup calorimeter 100cm® of 1.0M HCl and 100 cm’ of 1.0M
NaOH are mixed at 24.6°C raised temperature by 6.9°C. Calculate the
enthalpy of neutralization of HCl| by NaOH from the given data. Heat
capacity of water is 4.18 J/g°C. (Ans: -57.684 KJ/mole).
Solution:
Volume of HCI = 100 cm®
Total Volume of reaction mixture = 100 cm® + 100 cm® = 200cm’
Volume of NaOH = 100 cm’
Density of water = 1gcm?
Total mass of reaction mixrure (m) = 200 cm’ x 1g.cm™ = 200g
Rise in temperature = AT = 6.9°C
Heat capacity of water=C = 4.18 Jg™' °C"
q = mxCxAT
g = 200gx42Jg"'°C"'x6.9°C
g = 5796 x10°J

M x Vol of solution (cm?)

No. of moles of NaOH =

vy o

X

=S 0.10 moles
Now. No of moles of HCI = 12290 _ 0.10 moles

1000

Consider chemical equation.

1 mole 1 mole 1 moie
0 1 mole 0.1 mole 0.1 mole

Formation of 0.1 moles of water release heat = 5.796 x 10° J
k|
Formation of 1 mole of water will release heat = LIHINT 5.796 x 10*J mole™!

0.10
= 57.96 kJ mole™

Thus heat evolved at constant pressure will be,

Qb = AHZ = .57.86 kJ mole™

18. Calculate All° for the reaction

S(s) + 0:(g) — S0.(g)
from the foliowing data

S(s) + - 0,(g) > SO4(g) AllY = -395.2 13
250,(g) 0x(g) — 250s(g) A =-198.2 KJ (Ans: -296.11 KJ)
Solution:

Required equation:

Heat of formation of CiH.
S;Sv + O:"J, T——t So-u AH® =7

Given equations:

Heat of combustion of liquid benzene CeHsi,



S(.)+§Om, — SOy AH® =-3952kJ ................ (1)

2S0;q Oz —— 2SO0y AH® =-1982KkJ ................. (i)

To get the require equation following steps should be adopted.
Step 1: Divide equation (ii) by 2,

Step 2: Take equation (i) without any change

Step 3: Then add all the resulting equation, we get

Sw+30zq — SOsy  AH® =-3952kJ .....()
SOs) —— SOy + 7 Oz  AH® =+99.1KkJ ......(i)

Sw+ Oz —— SOy AHO =-296.1kJ
19. An aluminium frying pan weighs 745g is heated on a stove from 25°C
to 205°C. What is q for the frying pan? C, for Al is 24.35 JmoleK™
(Ans: 120.94 kJ)

Solution:
Mass of Al frying pan =745¢g
Number of moles of Al =n= 12375 = 27.596 moles
Initial temperature =T,=25°C
Final temperature = T,=205C
Change in temperature = AT = 205°C - 25°C
=180 °C
or =180K
Heat capacity of Al = Cp =24.35 J mole™'K"* i
q = nxCpxAT :
= 27.596 mole x 24.35 J mole'K™ x 180 K
= 1200853 J
= 120.953 kJ

20. Write the balanced equation for the formation reaction of each of
the following substances

(a) C4H;OH (Butanol) (b) Rust, Fe;O,
(c) Acetic acid CH,CO:H (d) Urea (NH,), CO
Solution:

(a) CHy,OH (Butanol):
4C(s) + 5Ha(g) + 302(g) — CaHiOH()
(b) Rust, F83043 '
FeO(s) + Fe;Os(g) — Fe304(s)
(C) Acetic acid CH;CO;H:
2C(8) + 2Ha(g) + O2(g) — CHsCOOH()
(d) Urea (NH,), CO:
C(s) + No(g) + 2Hz(g) + 302(9) — (NHz).CO ()



21. The human body burns glucose for energy. Burning 1.0g of glucose
produces 15.65 KJ of heat.

(a) Write the balanced equation for the combustion of glucose.

(b) Determine the molar heat of combustion of glucose.

(Ans: -2817KJ mole™)

(c) Heats of combustions of C and H, are -393.5KJmole*and
-285.8KImolre™ respectively. Determine the heat of formation of
glucose. (Ans: -1258.8 KJ/mole)

Ans: (a) CcH20¢ + 60; — 60, + 6H,0
(b) Molar Mars of Glucose (C¢H1,0¢) = 180
Heat produced by burning 1 g of Glucose = 15.65 K]
Heat produced, by burning 1 mole (180) of Glucose = 15.65 x 180
= 2817 K]

Il

AH? for Glucose = —2817 K] mole™!

(c) Solution:
Required equation:

Heat of combustion of CgH1204 (g

GC(;) + 6H2(g) + 302(q) ) C5H1205(g) AH® =7
Given equations:
Heat of combustion of glucose

CaH1205(g) + 602(g) v 6C02(g)+ 6H20(;) AH® = -2817.28 kJ m0|e'1 ...... (l)
Heat of combustion of C

Ci* Oy — CO0ug AH® = -393.5 kJ mole™ .......(ii)
Heat of combustion of H,
Ha + 3029 — H20y AH® = -285.8 kJ mole™ ... (iii)

To get the require equation following steps should be adopted.

Step 1:  Multiply equation (ii) by 6,

Step 2:  Multiply equation (iii) by 6,

Step 3: Reverse equation (i),

Step 4. Then add all the resulting equations, we get
6C) + 602 — 6CO;q AH® = -2361 kJ mole™
BHzq + 303, — 6H0, AH® = -1714.8 kJ mole™
6CO, + 6H20() — CgH120g + 60y, AH® = +2817.28 kJ mole™

B8C ) + BHzg) + 302 —— CeH1204, AH® =-1258.52 kJ mole™
22. Write the balanced chemical equation associated with each of the
following enthalpy changes.
(a) Heat of sublimation of iodine.
(b) Heat of formation of gaseous atomic iodine.
(c) Heat of formation of C;H,Ci(g).
(d) Heat of combustion of benzene C4Hq(/).
Ans:

(a) Heat of Sublimation of Iodine.
I(s) —— 1,(g) AH = positive



(b) Heat of Formation of Gaseous Atomic Iodine.

1
512 (g) —— 1(g) AH = positive
(c) Heat of Formation of C,H;Ci(g).

3 1
2C(s) + EHZ(Q) + EClz(g) —— C,H,Cl(g) AH = positive
(d) Heat of Combustion of Benzene C H¢(!).

15
CeHe(D) + '2‘02(9) — 6€0,(g) + 3H,0(1)

AH = positive = 3268 K/ mole™!

23. The standard combustion enthalpies of carbon, hydrogen and acetic
acid are -393.5 KJ mole, -285.8KJmole’ and -875 KJimole™
respectively. Deduce the value of standard enthalpy of formation of
acetic acid, CH;COOH. (Ans: -483.6 KJ/mole)

Solution:

Required equation:

Heat of combustion of liquid C,HsOHy,

2C) + 2Hyq + Oz ——  CH;COOH, AH® =7
Given equations:
Heat of combustion of glucose

CHyCOOHy, + 204 —— 2COuq + 2H,0,  AH®  =-875kJ mole ... (i)
Heat of combustion of C

Ci) *+ Ozgg —— COgq AH® =-393.5kJ mole” ... (i)
Heat of combustion of H;

Hag + 5029 —— H2Oq AH® =-2858kJ mole™ ... (i)

To get the require equation following steps should be adopted.
Step 1:  Multiply equation (ii) by 2.

Step 2:  Multiply equation (i) by 2.

Step 3: Reverse equation (i).

Step 4: Then add all the equations, we get the required equation

2Cy) + 2035 — 2C0Oy AH® =-3983.5 kJ mole™
2Hyg) *+ Oz — 2H;0y AH® = -285.8 kJ mole™
2C) + 2HOzg -—— CH;COOH, + 2024 AH® =-393.5 kJ mole™
2C +2Hg + Oz — CH;COOH4, AH® =-393.5 kJ mole”

24. Is the conversion of magnetite, Fe,0, to hematite, Fe,0; by oxygen
is endothermic or exothermic? Justify your answer.

3Fe(s) + 20,(g) — Fe;04(s) All® = -1118 KJ
2Fe(s) + foz(g) > Fe;05(s) AH® = -824.2 K3

Solution: Required equation:
The required conversion is
2Fe;04(s) + O, ——  3Fe 0s(s) AH® =7



Given equations:

3Fe(s) + 20:(g) —— Fe;0.(s) AH°

2Fe(s) +30.(9) —— Fe;0s(s) AH®

As we know that

AH®reaction = X coeff, AH®  (products) - ¥ coeff, 8H} (reactants)
= {3 x (-824.2)] — |2 x (-1118) + (0)]

= (-2472.6) - (—-2236) = —2472.6 + 2236 = -236.6kJ
Thus the required conversion is exothermic.

25. Which of the following processes would you expect to be endothermic?

-1118 kJ (1)
-824 2 kJ ()

(a) H:0 (g) — H,0 (1)

(b) NH; (g) + HCI (g) —y NH.CI (s)

(c) Mg*?(g) + 2¢ E— Mg (g)

(d) 0 (g) + 1e — 0(g)

(e) 2Mg (s) + 02(9) iy MgO (s)

(f) NacCl (s) R 2Na(s) + Cl; (g)
Ans:
Note:

Lighter — Denser
Energy is given out. And the reaction will be exothermic.
AH = Negative
Denser — Lighter
Energy is taken in. and the reaction will be endothermic.
AH = Positive
(a) This is a condensation process and during this process energy releases and
also because gas is being converted into liquid so, it is an exothermic
process. .
(b) This is an exothermic process because gases are being converted into solid.
And during the formation of NH,C| heat releases so it is an exothermic
reaction in this reaction. AHZ, ;1ion = —101 kJ.

(c) When electron is added to a cation (Mg*?) they release energy and form
atom so it is an exothermic process.

(d) Energy is required for the addition of electron to overcome the repulsion
between 0~! ion and the incoming electron therefore it is an endothermic
process.

(e) MgO is an ionic compound and during its formation a iot of energy releases
due to the formation of ionic bond thus it is an exothermic process.

(f)  This is a decomposition reaction and in this reaction NaCl decomposes into
Na and Cl; therefore energy is required for this decomposition 80 it is an
endothermic reaction.

26. Expiain the cooling effect experienced when few drops of ethanol are

put on your pailm, given that:
C;Hs;0H(l) ——— C;HsOH(g) All° = 42.2 KJmole™
Ans:

R As we know that evaporation is a cooling process and when we put few drops

of ethanol on our paim these drops absorb heat from the body and the



27.

Solution:

surrounding due to which they evaporate and the temperature of the palm
decreases and a cooling effect can be experienced.

The given equation shows that the conversion of liquid ethanol to gaseous
ethanol 1s an endothermic process due to which the reaction requires heat to
proceed.

As ethanol has hydrogen bonding due to which it has high heat of vaporization
that is why its molecules absorb a lot of heat from the surrounding to
evaporate.

In some countries liquid methanol is being used as an alternative fuel

in cars and trucks. Industrially ethanol is produced by the following
reaction.

CO (g) + 2H, (g) —**, CH,OH (I)

Standard enthalpies of formation of CH;OH and CO are -—-238.7

KImole™ and -110.5KJmole™ respectively. Will the reverse reaction
exothermic or endothermic. Explain. (Ans: exothermic)

\

Required equation:
The reverse of the given equation i.e.,

CH,OH,,

Given equations:
Heat of formation of CH;OH,,

1
Ci) + 2Hyq + ;02

CHsOH, AH® =-238.7 kJ mole™

Heat of formation of combustion of H;

Ce + 3029 COw AH® =-110.5 kJ mole™ ... (ii)
To get the require equation following steps should be adopted.

Step 1: Reverse equation (i)

Step 2: Add equation (i) to equation (ii).

CHQOH(!) ———— C(.; » 2H2(g) * %02(9) AH® = +238.7 kJ f'ﬁOIO“1

Cw + 3029 — COg) AH® =-110.5 kJ mole*
CHyOHy ——— COy) + 2Hz AH® = +128.2 kJ mole™
Conclusion:

28.

Hence, the reverse of the given reaction is endothermic.
Methane is the major substance In natural gas. How much heat is
released when 20 g of methane burns in excess of air under standard
conditions. The standard enthalpies of CO,, H;O and CH, are -393.5
KJ/mole, -285.8 KJ/mole and -74.6 KJ/mole respectively.

(Ans: 1100.625 KJ)

Solution:
Required equation:
Heat of combustion of CHyg,

CHug + 2075 —— COyq+ 2H,O0p AH® =7

.Given equations:
Heat of formation of CHag,



Cu + 2Hyq —— CH, AH° =-74.6 kJ mole™ ....... (i)
Heat of formation of gaseous CO;,

Cisy+ Ox(g) —— COyy AH° =-393.5kJ mole™ ....... (i)
Heat of formation of liquid H,Oy,
Ha + 3029 —— HaOy AH® = -285.8 kJ mole™ ......(iii)

To get the require equation following steps should be adopted.
Step 1: Multiply equation (iii) by 2,

Step 2: Reverse equation (i),

Step 3: Then add all the equations, we get

C+ O2(g) —— COy AH® =-393.5 kJ mole™
2Hyq + Oz —— 2H,0 AH® =-571.6 kJ mole”
CHag —— Ci+ 2Hyg AH® =+74.6 kJ mole™

CHag + 2055 —— COyg+ 2H,0y AH® =-890.5 kJ mole™

Thus one mole of CH, releases 890.5 kJ energy on combustion.
Given mass of CH, =20g

Molar mass of CH, =12 + 1x4 = 16 g mole™
Number of moles of CH, = f—: = 1.25 moles

So,

1 mole of CH, produce heat = -890.5 kJ

1.25 mole of CH, produce heat =-890.5 x 1.25=-1113.125kJ
29. Evaluate the importance of Hess’s Law.
Ans: i. Determination of heat of formation:

Compounds whose heats of formation cannot be measured directly using
calorimetric methods because they cannot be synthesised from their elements
easily e.g. methane, carbon monoxide, benzene etc are determined using Hess's
Law. -

il Determination of heat of transition:

The heats of transition of allotroplc modification of compounds such as
diamond to graphite, rhombic sulphur to monoclinic sulphur, yellow phosphorous to
red phosphorous etc. can be determined using Hess's Law.

iil. Determination of heat of hydration:
The heats of hydration of substances is calculated using Hess's law.
iv. Determination of heats of various reactions:

Hess's law is useful in calculating the enthalpies of many reactions whose
direct measurement is difficult or impossibie.



