CHAPTER 6
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1. Describe that chemical reactions are accompanied by enthalpy changes and these changes can be
exothermic { AH® is negative or endothermic AH° s positive).

. 1. Interpret a reaction pathway diagram, in terms of the reaction and of the activation energy

' 3. Define terms such as standard conditions, enthalpy change, reaction, formation, combustion,

neutralization.

| 4. Explain that energy transfer occurs during chemical reactions because of the breaking and making of
bonds.

5. Calculate the bond energies for the enthalpy change of reaction AH"

6. Describe that some bond energies are exact and some bond energies are approximate,

7. Calculate enthalpy changes from approximate experimental results, including the use of the

i relationships g = medT and AH®= - medT/n
8. Define terms such as enthalpy change of atomization, lattice energy, AH", first electron affinity, EA
9. Use terms such as enthalpy change of atomization, lattice energy, fist electron affinity

10. Explain factors affecting the electron affinities of elements. — Py

11. Construct Born Haber's Cycles for ionic solids. o

12. Perform calculations involving Born- Haber cycles. | \
13. Explain the effect of ionic charge and Ic.-nlc racﬁus nn the numgncal magnltude uf lattice energy.

14. Apply enthalpy change with' refereﬁce to, hydr&Qm amd solutfon.
15. Construct an energy c‘y'cle 1nvoMng enthatm; change of solutions, and enthalpy change of hydration. J
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| 16. Perform calculations involving energy cycles. | \ — (\| (O \\ [ (elo

17. Explain the effect of iunic ch-nrgc Imlc J-'ﬁdif.ls ﬁrthe numeﬂm maﬁlitude uf an enthalpy change of
hydration. O\ - N\

18. Define the term entrupy, S as lht!' l\l-lm \tlfl:msible arrangements of the particles and their energy
ina given ‘

19, {J}p@mlmigﬂ of entropy changes that occur during a change in state, temperature change and a

in which there is a change in the number of gaseous molecules.

20. Calculate the entropy change for a reaction, AS®, given the standard entropies, S , of the reactants
and the products.

21. Explain the concept of heat as a form of energy.

22. Explain the relationship between temperature and kinetic energy of particles.

23. State that total energy is conserved in chemical reactions.

24. Explain the concept of standard conditions and standard-states in measuring energy changes.

25. Explain Hess s Law.

26. Apply Hess's Law to calculate enthalpy changes in a reaction carried out in multiple steps.

27. Explain the relationship between bond formation energy and bond breaking energy.

28. Explain Gibbs free energy.

29. Apply the concept of Gibbs free energy to solve problems.

\ 30. Outline how enthalpy change relates to the calorie concept of the food we eat.

J

_/\/ 2\

Every process in this universe, whether in living cells or ten:.\utpé;i in I:h?@yhvﬁphere or in
water, etc., implies a change of energy. S@E Pl‘GGE'SSES retg}},s; qnefg’,ﬂ ‘others require energy.
But in all these cases, the total amounv &l{@y {Mhe universe remains unchanged. In this
chapter, we will dlscusﬁhe pl‘jnciplﬁ th \govern energy changes. We will study the role of
energy in chemlcal\re\ﬂ:ﬂum: WE \wilt also discuss measuring the heat of a chemical reaction so
that we. nﬂ%&. BH\thE central topic of the chapter, the amount of heat released or absorbed
in a reac i\n The study of energy changes associated with all types of physical and chemical
changes is known as energetics.

6.1 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 chemical reactions 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 formation is greater than the energy consumed by bond breaking, there is a
net transfer of chemical energy from system to the surroundings. Whereas as energy is
transferred from surroundings to the system, when the energy consumed by bond breaking is
greater than the energy released by bond formation. Thus, in chemical reactions energy
transfer occurs between a system and the surroundings.
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6.1.1 Units of Thermal Energy N\

Unit of heat or thermal energy used i ln 5I systeinf is tne Jou%e {J} Thermal energy is the energy
in an object or system d:re 0 tﬁe tﬁmme\xt of-its molecules and atoms.

Another cnmmﬂ ,yrﬁﬂof heat ls the calorie. It is defined as the heat or thermal energy
required M&e the temperature of one gram of water from 14,5°C to 15.5°C.

1 Calorie = 4.18 Joules



6.1.2 Thermochemical Reactmns | ﬁ JUY

When a chemical change takes place; energgr is exchanged hetwaen system and its surroundings.
Energy has many forms such as-heat, hg@t,\wnrk;etc A chemical reaction which proceeds with
the evolution or absorption nf heat is called a thermochemical reaction. A balanced chemical
equation whi hhnlspjshnws heat change of a chemical reaction is called thermochemical
equatlunuﬁm branch of chemistry which deals with the heat or thermal energy changes in
chemical reactions is called thermochemistry,

For example

There are two types of thermochemical reactions: -

(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 drive an engine or to couk foo;l Examples

of exothermic reactions are given below: -\ (20U
«/ \ \I [ / // O\_\_-_'/ —
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0 ¢, )+ Oy —>COxgy\ m—f % ‘--.393 EJ;J '

\
\
-

() 2h, + thux‘*;*“("\‘.‘ :@H,ca“}\ AFF = -571.6kJ

{li N| '\q\l N \f' 2:;,;c0 AH® = —-110.5kJ

(2) Endothermic Reactions:

A chemical reaction that proceeds with the absorption of heat is called an endothermic
reaction. In these reactions heat is transferred from surrounding to the system. Examples of

endothermic reactions are given below:

{“ H2li|l' + I:m _bﬁ-"(n] AH® = + 53.8kJ
(i) ¢, +H0,—>»CO,, +H,, AH° = +131.4kJ
{Ii“ N:m} + G?lm__"mc{nl AH° = +180.5kJ
Concept Assessment Exercise 6.1 AR

Classify the following processes as exothermic or endnthenmc N \ICR o2
(a) Freezing of water {m Cnmbustiun m' matham! ‘
(c) Sublimation uf dry ir:T.-

oy || 0 40,40

h o limestone.
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The amount of energy released or abmrbed HEpends nn the amaunts of substances that react.
For example, as more fual hum‘i, mom\ehergy i§ released. Thus, when we report an energy
change we must al\soﬁp@rt the \amounts of the chemical substances that generate the energy

change.. F?rlly’hls,éu energy changes are expressed in terms of molar quantities of reactants
and products.

The amount of heat evolved or absorbed in a chemical DO YOU KNOW
reaction, when molar quantities of reactants and products are | chemical reactions support

same as shown in a chemical reaction is called heat of reaction. | our lives and assist us at home
and at work. For instance,
Heat of reaction measured at 25°C (or 298K) and one atmospheric | cellular respiration is a series

ressure is known as standard enthalpy change. It is denoted by | o, chemical reactions that
P Py ge. releases energy from the food
AH®. we eat to "Power "all the

functions and activities inside

- our body. Combustion

i) clﬂ +01{E:- ! CUIIEI AH’ =-393.5kJ reactions help release energy
to heat our homes and move

our vehicles.

This equation shows that 1 mole of solid carbon (12g) reacts with
1 mole of oxygen gas (32g) to give 1 mole of €0, gas [Mg} a\ifv“ﬂ“;nd \ auna;phenc pressure
and 393.5 KJ heat is evolved. What does the faﬂumng equat shnwf

(i) |-|2{9,+ }*—aa-u SO 2 4538k

If a reaﬁoﬂiﬂ Whﬂ‘mfc when going in one direction, it will be endothermic in the reverse

directio \Vhen a reaction is reversed, the magnitude of AH® remains the same but its sign
changes.

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

CO,,,—C,,)+ Oy AH° = +393.5kJ
2Hl ) —Hy) + L) AH° = -53.8KJ

6.1.4 Relation between Enthalpy Change and Heat of Reaction or
Heat of Combustion of a Reaction

Because most chemical reactions occur at constant pressure, we.can eque the heat change
in these reactions to the change in enthalpy. This-mean we can define héat of a reaction as
the change in enthalpy (8H), as the dlfference hetween the' enthalpies of the products (final
estate) and the enthalpms af the reactanh {initiat state).
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The enthalpy change of a reaction can be positive or negative degehﬁfng Lmunihe pmcess For
an exothermic process, in which heat is. relefa?.ed by the systern tnthesurrounding AH is negative
For an endothermic process; in which heat'is absorbedby the system from the surroundings A4
is positive. Since, cumhusﬁnn is an Eﬁﬂt%k process in which heat is released by the system

to its surmunding?, QHJ fs nﬁgatwe

6.1.5 Sﬁ‘.andard states and standard enthalpy changes

AH varies with conditions, we use standardized AH values. These values are calculated when
all the substances are in-their standard state (condition).

6.1.6 Conditions for Standard Heat of Reaction
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 concentratmn

Now we will define important enthalpies. /\IK/* \“ O\ \
1.  Standard EnthalpynfRHcﬂon AR\ )

(\ -t, '.‘. {

The enthalpy :hange\!n a chemicAI reaction, when reactants and products are in their
standard &Rﬂ?s%ﬂ Hheir molar quantities are same as shown by the balanced chemical
equation is &Iled standard enthalpy of reaction. Examples are given below:

() 2y + 0y —>2H0, AHP=-571.6kJ
(i)  CHyy+20,,—>COy+ 24,0,  AH'=-890.4kJ
i) 2Al,)+Fe,0qyy —>ALO,, +2Fey, AH; =-850kJ

2.  Standard Enthalpy of Formation (,,.Hg)

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 tabte 6.1. K€ ,;; («—--’ :\ O\

/""\ ‘l

For writing thermochemical equation for, enﬂaalw of funnation wnte é[ements as reactants
and 1mole of the cumpuund s pmduct Shgw standarcf states of all the substances. Finally

balance the atoms.

Write thennochemmal equation for the formation of H,0, SO, and H,0,. Use data given in table
11.1



Solution:

(i)

\\|\

(iii)

(“{ N S W\‘a 0:;,5-——&50,“,

Hyg * Oyg—> B0y

—_—
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&-l‘,’= 28 .»BRJI'I'ID'IE

AH? =-395.7 k) mole™

AH? =-187.8 kI mole™

Standard enthalpies of formation of some substances are shown in table 6.1.

Table 6.1:

H:0)
0
Hy02)
NHsg)
NH(aq)
NaNag

Standard enthalpies of formation of some compounds in kJ mole

\ \ “
O - SRR
\ \ SRR B /|
| (\ L \ .l."‘, - 1.
\ \ ) \ S

-245.1 Fei0yy -824.2  Na'yy
“_235..5 Fey0q -824.2 Na'jag)
*‘IE?.'B Sionﬂ. '91“4.9 K.f",
-46.1 CaCOyy 1207 Mg¥q)
; Ca®
-80.3 BaCﬂml 1219 a4 jag) —
-425.6 ) 1/ﬁﬁ\\ \u
50.& OH{‘“ 1\ s \B\’, g"m \k d
-271.1 Kﬂl\"m O ‘\ %iﬂlllﬂﬂ )
92.3 o\ \« ffmm%g \\U W CHeg
1672 | \\\ V) HONOag 2074 CGhyg
NS h
-36.4 (HO):50:1 -814.0 ) Gy
-20.6 NH,Clig) 3144 CiHyy
-110.5 NaCly) -411.2  CHuw
-393.5 NaBrs) -361.1 CeHapny
90.3 Naly -287.8  CeHsCHsp
13.2 KCl 4368 CaHuo
9.2 Kﬂrm -393.8 CHgﬂHm
-296.8 Kl 327.9 C;HsOH;
395.7 AgClig -127.1 CH;CH'DH} P
-601.7 CaClyy) 1'95& |

-240.1
-240.1
-252.4
-466.9
-542.8
5247
1.9
-74.8
226.7
52.3
-84.7



% Sundard Enthapy of Combustion (G ([ G

The enthalpy change when) nne mu{e uf ambstance is cnrnpletely burnt in excess of oxygen
under standard conditi ns ii call&d standard enthalpy of combustion. Standard enthalpies of

combustion nf so[pﬁ ‘substances are shown in table 6.2.
~ Table 6.2: Standard enthalpies of combustion in kJ mole !

Hag) -285.8 CHag) -890.4  CH6,  -3268
Caraphtey ~ -393.5 CiHsg  -1560 C;HOH, -1367
Cidamongy  -395.4 CsHiy  -5512 CH,CHO,,  -1167

Sihomblcy  -296.9 C2Hag) -1411 CH,COOH,, -875
Sponoctii)  -297.2  CHyg  -1300 CeHi0qy  -2802

For writing thermochemical equation for enthalpy of combustion, write 1mole of the element
or compound and oxygen as reactant. Write oxides of the given element or oxides of elements
present in the compound as products. Show standard states of all the subs;ance{ Finally,

balance the atoms. NS~

Example 6.2 (O \ AU
Write thermochemical equaﬂnn fﬁr the Enhbastmn of C, CH, and H,. Use data given in 11.2.

Solution:, \“\J\\JM “

\l

() Cig+ Oy _pbom, AH= 393.5 kJ mole™
(i) CHyg +20,, —>COyy +2H,0,  AHf =-890.4 kJ mole™
(1) o +%02m —_+HO, A= -285.8 kJ mole”

4. Standard Enthatpy of Atomization (AHS )

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.,

) SHg—>H, AH, = 4218 kJ mole”® 12\ GO

ﬂlr

(ii) %c:nm,—sm{ AH:,? +121 kJ mole”

j“
Jl“ )I J




3. Standurd Enthalpy of Neutraization (AH“) N

It is defined as the ammnt nf heét evaeg when une mnle nf H' ions from an acid combine
with one mole of OH Jluns fram a hase to form one mole of water under standard conditions.
eg., INNE

N) N H A

NaOH(W} +HCIM, —NaCl,,, +H,0, AH =~ 57.4kJ mole™

Strong acids and bases ionize completely in their aqueous solutions. Thus, when solutions of
NaOH and HCl are mixed together, the only change which occurs is the formation of water. Na’

and Cl" ions remain in solution. Thus, heat of neutralization is due to the formation of water
from H* and OH' ions. For example,

N8 + OH, + H(:q} + Cly, —Nag, +Cl,+H0, AH=-57.4kJ mole”’
or Hy,+OH,, —»H,0,  AH=-57.4kJmole”
6. Standard Enthalpy of Solution( AHZ,,) |

~
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It is the enthalpy change when one mole qf a substaneey iidi : 'vedmsu\mt\fﬁ ;fgsolvent that
further dilution results in no detectable heat Ehange, under dard conditions. e.g.,

NH,Cl, —*'*"—hNHLam +Cl;q}\ = +15.1kJmole”
[n;]ﬂ_‘h*-’_\.Hw% AH; =75 kJmole”
Concept Assessment Exercise 6.2

1. Write thermochemical equation form the given information.
a) Standard enthalpy of formation of benzene (1) is +49.0 kJ mole™
b) Standard enthalpy of formation of ethanol (1) is -277.7 kJ mole™!
c) Standard enthalpy of combustion of acetic acid(l) is -876 kJ mole™
d) (d) When ethanol is burned in air -1367 kJ mole'energy is released at 1 atm. and 25°C.
2. Which of the following equations describe a reaction for which AH® is equal to the

enthalpy of formation of a compound, &H??

a) 4 Al + 20, = 21,0, T
b} 4 Al{“ * 31’2{31{“ Allﬂ]lﬂ - A\ Ar . ;\I-\‘\‘\\\’ ;,“{—:/«:;;z € 7\ J)UL
7. Standard Enttﬁntpy ufﬂm ' :

The energ?( 1¢gsad ‘when nne mnle of gaseous atoms gains an electron to form one mole
of gaseous. usz ‘with a single negative charge, under standard conditions. For example;

Clm +1e —r-Clm AHE , =-349 kJ/mole
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The energy released when one mnle t:f an iunic _:zompnund{ sulld} is formed from its
constituent gaseous ionm cal’(ad lattic:eknargy

J N W}Ht Gl'f —FNECI{‘] AH =-787kJ mole”
6.2 BOND ENERGY

When a chemical reaction occurs, old bonds are broken and new bonds are formed. Breaking

bonds always requires energy, and forming a bond always releases energy. The energy required
when one mole of a particular bond breaks apart to form neutral atoms is called the bond
dissociation energy. The amount of energy released when one mole of neutral atoms forms
bond is called bond energy. The difference between the bond dissociation energy and the bond
energy determines whether the reaction absorbs or releases energy. For any chemical reaction,
the enthalpy change is the sum of the bond dissociation energies of the reactants minus the
sum of the bond energies of the products.

Example 6.3 A

We can theoretically calculate bond energy of a bond from. the kpmvn bnndﬂﬂé’i‘ﬁr d&ta For
example, we can calculate bond energy on HAC! /a.s fﬂﬂows, \ [\ <

......

Bond dissociation energy uf l*h 43& J’mct /S D
Bond d:ssuciatmn :?nergy pf Cﬁ* 243” )/mol.

Bunqdwér%mf HCI =
Total energy absorbed in bond breaking = Total energy released in bond formation Bond
dissociation energy of H-H + Bond dissociation nenergy of CI-Cl = 2( Bond energy of H-Cl )
436 + 242 = 2 (Bond energy of H-Cl )
679 = 2( Bond energy of H-Cl )
Bond energy of H-Cl = 339 kJ/mol.

Thus theoretically calculated bond energy of HCl = 339kJ/mol. Experimentally determined bond
energy of HCl = 431.5 kJ/mol. This is because the theoretical values are averages and do not
take into account situations where the bond strength differs from the average. For example,
unequal distribution of electron pairs due to differences in electronegativity values. This energy
difference also appears as the enthalpy of reaction. For any chemical reaction, the enthalpy
change is the sum of bond dissociation energies of the reactants minu; the 5urn ﬁfhond energies

ﬂH IH{hmd;brdwn;n {Hmm - U
For the reaction between Hz and Oz tu produr:e H:0.

zHi J;me —~ 2,0, OH=?



AH° = 2( B.D.E of Hyg)) + B.D.E of Oy - 4[5 Enfﬂ-Hhm;ls"j
= 20436k) + 4936 —4 m k.n :j AN
= 872K/ + 493.{; 840K

| \ o
Thtﬁ Jt:ht‘.- 'reacﬂnn between hydrogen and oxygen to form water is exothermic.

Calculation of bond energy for the enthalpy of reaction
You can calculate the bond energy for the enthalpy of a reaction. For example,

You can calculate the bond eﬁergy per mole of methane gas by breaking the C-H bonds as
follows:

CH«‘] d 4H|_'ﬂ +C s} ﬁHB = +1662 kJ
In this reaction 4 moles of C-H bonds are broken and 1662 kJ of energy is absorbed.

The bond dissociation energy per mole of CHy is +1662 kJ
As 4 mol of C-H bonds are broken.

The average bond energy per mole of C-Hbond = +1662 /4 * _ Y
The average bond energy per mole of C-H. bondw +415 5\1;)\

6.2.1 Variability- in Bﬂﬂd EnergtES/

Some bond ener;!eﬁlara nelativel'; well defined and precise, others are approximate and can
vary depgﬁﬂwgnn the specific molecules involved and the environment in which the bond
occurs.

For simple diatomic molecules such as H,, 0,, N, and Cl,, binding energies can be considered
relatively accurate. This is because these molecules are made up of identical atoms and the
bond dissociation energy is the same for every bond in the molecule. For example, the binding
energy of an H-H bond in H, is approximately 436 kJ/mol.

But in complex molecules or molecules in different en\dmnr}nents, binding energies can be more
approximate. This is because the bond strength can be affected by factors such as neighbouring
atoms, molecular geometry and inductive effect of functional groups.

For example, the C-C bond energy in ethane (C H ) can be considered approximate because it
depends on the specific isomer (e.g., linear or branched) and the general structure of the
molecule. Similarly, the binding energy of a CH bond can vary dependinﬂ Hﬂ the chemical
environment and the molecule in questlnn ~~XN [0 \o~

Some bonds have different strengths in, different compounds For example, the O-H bond is
present in various cumpbunds “The hﬂﬂdﬁ\ﬂ&l’g}f of an OH bond in methanol (CH,0H) is different

from that in water {IEEIO} due tu differences in molecular structure and chemical environment.
j N NJ o~ '



6.3 HEAT AND TEWPERATURE | [~
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Heat as a form of engrgy __—\ V7| \| U \\=2"
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When we boil water in a cuoking ﬁfﬁhéillf‘,"‘thé"lid of the cooking utensil will jump off in the air
after be:nghﬁ?teﬂw e time. So what causes the lid to jump off? Well, there must be some
mechanical énergy behind the jump. The mechanical energy that causes the cooking utensil lid
to jump off is the heat energy from the burner flame. This example shows that heat is an energy
that can be converted into its other forms,

The law of conservation of energy states that energy cannot be produced in any physical or
~ chemical process, but can only be changed from one form to another. Different forms of energy
include light energy, mechanical energy, chemical energy, thermal energy, nuclear energy and
magnetic energy.

Heat is all the energy produced by the movement of the molecules of a substance. Heat is a
form of energy. When a body absorbs heat, it becomes hotter, and when it releases heat, it
becomes colder. The impact of heat on a body is indicated by its temperature. Temperature
refers to the intensity of heat of a body. Heat is a form of energy and temperature is measure
of that energy. So it is measured in the units of energy. SI unit of heat is .!Qule{ﬂfltli also

1\

measured in calories. o~ AN\
\ \\ M \ N 'l ( L A0

Temperature is a measure of the averdge k!hetléenargy of the molecules of a substance. It
describes the hotness or culdnesmt‘éwsubstangamanﬁh]ect The amount of heat absorbed by
a body is directly propor iﬂnaltmhMEmperature change. Sl unit of temperature is Kelvin(K).
Temperatu{r\ﬁ_ia/-‘q{\;’m mé sured using various scales such as Fahrenheit (°F) and Celsius(°C).

The heat u}“'avsubstance depends on factors such as particle velocity, size and number of
particles. You can understand this difference from the following example. If you fill the jar and
the glass completely and measure the temperature of the water in both containers. The water
temperature in both containers is the same. But because there are more water molecules in
the jar, the water in the jar has more heat or thermal energy.

The amount of heat absorbed (q) by a substance is proportional to the temperature change.
qec AT
q = Heat capacity x AT

Where heat capacity is constant of proportionality.

; Heat A
Heat C =8 e 1 o~ ~EN
eat Capacity AT ‘ (1) e 20)

| | \ \ )

~ S

The amount of heat required to raise the temperatureﬂfmvenamsuunt of a substance by 1Kelvin
is called heat capacity. It lsekpressedinmgl{sperrﬂelwn
The amount of heat reqmrpptu faise the temperature of one gram of a substance by 1Kelvin is

called specif]r;heat}:hpécity It is expressed in Joules per gram per Kelvin.
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Specific heat capacity (c) = massx [ﬂ]' { ) |C -
Heat A~ specifkh&at tapacity {c‘_l x mass x AT
\[ q =mxcxAT
VAN ” o
Euampwldi N

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.

6.3.1 Measurement of heat of reaction

A device that measures heat flow is called calorimeter. Calorimeters measure the heat
released from a system either at constant pressure or at constant volume . Thus there are two
types of calorimeters. 4:7

- Y~ \
/ -\\ /,/ . I‘ ,y \ <I_5

Constant Pressure Calorimeter _ (| (" \\\' At

\ | \ /\
,T‘-’ \ / ~ "‘
—

ure uf 1h& s’ystam is fixed. For this purpose we need a
rmometer and stirrer. For most purposes a coffee cup

In constant pressure (c}lonrneger pr
thermally insulated cuntainéf with al

calorimeter i W A
\1 \l ?\\J

Where, m = mass of reactants

q=mxcxAT

= = specific heat of reaction mixture
AT = change in temperature.

This process can be understood by the following example.

Example 6.4

When 50cm’ of 1.0M NaOH neutralizes 50cm’ of 1.0M HCL at 25°C. The temperature rises from

25°C. to 31.9°C. Calculate the heat of Neutralization. (Specific heat of water = 4.2 Jg'K"'.
Density of water=1 g.cm?)

Sﬂ l u tll D n P ‘.l .H:' /(_7_\ ‘v;‘;- : \I -.;"‘,.I -.:
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We can calculate the amount of heat evnlved hy the fullumng equat{on
i ARAN q YmxCxAT

Volume uf\ﬁaﬂl-l WB2T 0 sem?
wdﬁneof HCl = 50cm?

Total Volume of reaction mixture = 50cm? + 50cm? = 100cm?




Density of water W0, 1 g t:m‘v" |
Total mass of reactlm mixture{ml l@cm’x 15 ﬂn“ = 100g

Raise in temperaWre aT = 31.9°C -25°C
(NN N = 6.9%C
or = 6.9K
Now q = m x ¢ xAT

q =  100gx4.20.8 " K'x 6.9K
q = 2.9x 10°)

M x Vol of solution cm®

No. of moles of NaOH =
1000

1x50
=0.05
1000

1"'50 — (I,(—\ I.‘I
~ \ |

— VN

S ‘\ (M 'll‘. \ \ U

Similarly, No of moles of HCL ot - D 05 o~ ~EER
‘IDUD Al AN NS

Considering, chemical gquatim
NaOH (aq) + HC laq} -~+ Nact BV HO 0

1 mol mnﬁlé\”\ : 1 mole

0.05 nmle 0.05 mole 0.05 mole

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

Formation of 1 mole of water will release heat = 2-9%10°

0.05
= 5.8x 10*) mole
= 58.0 kJ mole”
Since heat is evolved at constant pressure,
g =AH = . 58.0 kJ mole™
Concept Assessment Exercise 6.3 A\ O\

Expedmentaldatadmﬂutvdmenﬁ?ﬁm’ﬁﬁaﬂﬂiﬂ%lsmﬁedwimzsom’uf

0.35M NaOH in a calorimeter, camplete /neytralization-occurs. ‘The temperature of the
calorimeter chnnges from I?C to 26. 07"(: {Use this data to determine heat of neutralization

for the reactiun (Qﬁ; -57.78KkJ)”

I




6.4 HESS'S LAW. <[/ 2\

Enthalpy is a state function; therefure. Entl‘talpy‘ Change in P chemlcal reaction in going from
some initial state to mﬂnal mte is ind&pehdent of the path followed by the reaction. Thus
in going from a partiq se*t uf 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.
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.

Mathematically 2AH (Cycle) =0

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 Ato C, C to
D, and finally D to B as shown below:

Initial AH le

Sta r'\ A » B
J " | Tw ] T
C

—~ O\
/,_)/( ARRERE

- ﬁHﬂ \'}{3‘ \"‘ | ; /, K \ \\"9\ ) UV
\ _L;,‘I , ~
( ) ‘\.m';—\ A\ F‘ﬂ- \ﬁ 3\ -
If Ak, AHa and &4 e emhalpy zhaﬁges in these steps, as shown in the figure (6.3). Then
accurdin\g]tg'my\ﬂ\e&b 4 AH = AH, +AH, + AH,

Example 6.6
Combustion of C to CO; evolves 393.5 KJ of energy.

Ca) + Oagy — COy, AHP =-393.5kJ

This reaction may takes place in two steps.

Cm + 1

50z9—>CO

o  AH =-11052kJ

co,, zoﬂ,,—pcoﬂ,, AHE=-282.98KJ

-----------------------------------------------------------------

Net reaction Cio) + Oue) —»COy,, M +a‘H‘,_ :_3933@1 m\_ S
Thus the enthalpy change ina chel‘nu:al rﬁctimls in:dependent of the path followed.
Fig.6.4 shows energy CME fur(thfs remsﬂqn

l| HJ' Wt



! Eisi+ 0! {S:‘ - /—\.I CI:S} + }‘frﬂ: {E“l \’ .."‘;VZ:T'\l,‘:;,ir /A

, | A H ’1 -\-\iu 52k.|
i ULUr CO (g) +% O, (g)
li H‘Jl—. 93‘ Skl

"

AH®; = -282.98kJ

©ule) CO4(g)
Figure 6.4: Energy cycle for the reaction between C(s) and O3, to produce CO; (g)

There are many compounds which cannot be prepared directly from their elements. 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,, ALO,, B,0, etc cannot be determined
directly by a calorimeter, Hess's law is particularly useful for determining enthalpies of
formation of such compounds. N

( ‘. \
N / / \ '.' \‘ U

Example 6.7 - \\\| | /';/ M\, !
Enthalpy of furmatmn of methane canhntbﬁ measurea dafecﬂ.m By' thé application of Hess's

\\\\\

(i) C@N Ww: A co,m + 2&-120[,, AH’ = -890.4kJ mole™

\1 \| |
(i) Hyt+= Ozm —H,0, AH® = -285.5kJ mole™
(i) Cm."' Oﬁﬂ_‘r Coﬂg:. AH = -393.5kJ |"|'|\‘|'.'flle‘-‘II
(iv) Cp+2H,,,—>CH,, AHP =7

To obtain AH° for the required reaction we must some how combine equations i, ii, and iii to

produce that reaction and add the corresponding A H° values. This can be done by focusing on

reactants and products of the required reaction. The reactants are C;, and 2ZH,, and the
product is CHeg. How can we obtain the correct equation? Reaction (iii) has t.'.m as reactant
which is needed in the required equation. Thus equation (iii) w:lLbE used’ é:s sunh \Equation
(ii) has Hag as reactant but the requrred equatian neeﬁ& IH;m, ﬁhrus eguatuin (ii) will be used
after multiplying by 2. Equatiun {i] has CHW as reactant hUttms is needed as product in the
required equation. Thus feattwrr [1} mustbé{everéed and the sign of AH%is changed accordingly.
Adding the equatiun:i ”d deleting the species that occur on both sides we get.

HH'



CO, +2H,0,, _'*Cqu 201““ ﬂHn *390 4 li sONL

2"'2151*'0:{:1—"*2"'1 O QN ) M= 5716k

M\

*‘* +2Hl{m — AP =-74.6 kI mole

This gives the required equation and its enthalpy.
6.4.1 Enthalpies of Reactions from Enthalpies of Formation

It is often convenient to calculate the A gx- values for a reaction from values of the standard
enthalpies of formation, ax: of the reactants and products. For a given reaction:

Jco, AH =-393.5Kk)

AH® = T coeffA g2 (products) - I Coeffa Hy (reactants)
Where coeff = Coefficient .

Elements in their standard states are not included in the A H° reactiﬁnoalcﬂfi@n i E«ﬁ]—[“fﬁlﬂ

element in its standard state is zerp, 'M'fen l;alanced eq@tﬁr\inr\a Teaction fs multiplied by an
integer, the value of A !-f far[.hg;re

Example 6.8

Calcul N-I\f\r'\ﬁe follmnnng reaction, which take place when gasoline bums in intemal
combustion engines. Where the values of A y- are -269kJ, 0 kJ, -393.5 kJ and

-285 kJ for G H, ), Oy €Oy and H,0,, respectively

2CgH,g) + 250, —>16C0,,, +18H0,,

Solution:
AHE, yon = 2 cOff,AH; (products) - > coeff AH} (reactants)

= [16x4H] for O, +18xAH; forH,0,]-
[2xAH; for Gt + 25%AH, for 0,]

16(-393.5 kJ) + 18 (-285.8 kJ) - 2{1&9ur 25{01
6296 kJ - 51444KJ+538ILHO '
Luuﬂ{msmw

HJQ 109014U -

-1.09x 10°kJ

l ) N N




Example 6.9 ;-~~<::?“€fi \ I ( S e
Calculate AH® regction for the fu-lluwing re\acnon This rea,:tiun tam place in the tissues of the
living organisms. Where the watues uf .ﬂ.ﬂ}are -1253 18 kJ, 0 kJ, -393.5 kJ and -285 kJ for

CH, O n‘ﬁ” SOl AndH.0, respectively
Solution: ™
CH 04, +60,, —>6C0,, +6H0, A =1

AH 10 = 2 Coeff,AH] (products) - 3~ coeff, (AH; (reactants)
B n = [6AHYCO,, + 68 (H0, )] - [AH CH,0, +68H[0, ]

= [6(-393.5kJ)+6(-285.8kJ] - [-1258.18kJ + 6x0]

[-2361.0kJ - 1714.8kJ] - [-1258.18kJ]

-4075.8kJ + 1258.18kJ

-2817.62kJ 7“ \

This means one mole (180g) of glucose provides 2318 EZ H@ne@ 'ﬁmmfﬂeénelw prnﬂded

2817. GZkJma’fc "
by one gram of glucose m‘l\l,‘be s IS\,GSH
O\ K TﬁﬂgmofN )
6.4.2 Ca\*wﬁﬂftjbﬁ of Enthalpy of Combustion
The enth}lpr of combustion, AH is the heat evolved when 1 mol of a substance burns

completely in oxygen at standard conditions. It can be calculated be calculated by the following
general formula.

AH? = 3 coeff,AH; (products) - 3 coeff AH; (reactants)

1]

Example 6.10:
Calculate the AH? for ethyne (Cz2Hz). The standard enthalpies of formation of CzHzg), COzy), and
H:0y are +226.73kJ/mol, -393.5 kJ/mol, -285.8 kJ/mol respectively.

Solution:

Gt +3 O — 200y + 2HOp)

AH = 3 coeff,AH? (products) Zcoef;,mﬂ(mts} / S\

AHG= [2(-393.5) + 1[*285 BI/- [T +Hﬁ¥3) h‘; [u}]

l| HJ' Wt

o



s pmeny ol (GO0
= -1082.8- 22673 A\ NA
= nm 53 kﬂme[ \
The enthalpyof cqmlmﬁtian nf eeetylene is -1309.53 kJ/mol.

W 6.5 BORN HABER CYCLE

This is special application of Hess's law to binary ionic compounds. It helps us to calculate
lattice energies of binary ionic compounds (M'X).

The change in energy that takes place when separated gaseous lnns are packed together to
form one mole of an ionic solid is called lattice energy.

Mg+ Xa) —>MX

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

wH’ ¢ ) is -411kJ mole™. The formation reaction can be considered as taking placem several
steps, one of which is the formation of lattice This cemplete wquence uf reacmn is'called a
cycle (Fig.6.5) 0 A\ T S ,\. -

Step-I: Sublimatien .ef sultdsediulq Theeﬂecgyaf suhlirnatinn for Na(s) is 108 kJ mole'
P “\ N ‘l J]\Iel{,3 -—-Nam AH; =+108 kJ/mole
Step-ll: NN lonization of Nay atom to form Na'g ion. This process corresponds to the first
jonization energy for Na.

Na,—=»Na +1& AH] =+ 496 kd/mole

Step-lil: Dissociation of Cl; molecules. We need to form one mole of Cl atoms by breaking

the CI-Cl bond in —;-— mole of Cl; molecules. The energy required to break this

bond is 121 kJ/mole and is known as enthalpy of atomization for Cl..

IClg—Cly  AHa=+121kJ/mole

All these three steps are endothermic and are drawn upward in the figure (6.5).

Step-IV: Formation of Cl'g ion.. Energy is released in th1s ;tep equatiu the \electron
affinity for CL NV [ (0 o=

/\ -

csmne'_.cqﬂ\ r;;. RYSTEI

Step-"f Formqnpn of solid NaCl from the gaseous Na' and Cl ions. This corresponds to
1 \ J \the lattice energy (AHi) for NaCl,s, which is to be calculated.



va\!
|'(/ \ /;D/f-\\ \I\ u
NE )+ C'{g; ——P-NEC'WI\ By %H/KQ' @\ \m&/
d\*e@ll l@@cﬂbﬂ and/the sum of the individual energy

Since the sum of these five stamm\
changes give the overé@ éngrgy qha(rge\ us

\] W\Hmﬁ WAHE, + AHE, + AHE, + AH?
- 411kJ = + 108kJ + 496kJ + 121kJ + (-349kJ) + AH;
He = -411kJ - (108 kJ + 4961kJ + 121kJ - 349kJ)

AH; = -787kJ mole!

Thus lattice energy of NaCl is 787 kJ/mole.
1“ Step

Na,,—Na,
2" Step

Na{ni i m;u} +le

1 Clyg —>Clg) 3% Step
N Icolt

Cl, +%e —Cl, 5 1[0\
LS
WW %&W Net reaction

= Glm, —NaCl,,
Electron afﬁnitles of atums are usually calculated from Born-Haber cycle because it is difficult

to determine electron affinities directly
Ma i+ e + Clig
121 kJ 'ﬁH:*
3 Ha gy + & + %Ehm .
AHE, 349
Ma" g * Cli HE
496k ] e
i NE“. + —;— Chm -
II . \ﬁ\\\/{\‘ \
E 108k aH; B rj.(jwr\\ @ @ JIARS U
\ v A\ 0 \' }' O/\)Q =
ANﬂiuL 'l!l \\ \ I
\\ ) \/ \ - - J
Q. \ \\x oA '
NN '\
o w’ﬂ\] N o\ - NaCly, -
WNR NN ‘umlu ’
Figure 6,5: Born Haber Cyci for e formation of ReCL )




cnncept Assessment ExerCiSE 6 5 = ,%\ /,’\_

N N [ 7o \o=
Draw a complete Born Haber Cycle for: the fhrmation uf Mgo [5} E‘.alculate the lattice energy
for MgO from the fnlluwing data,j /r“..\ \\ !

Standard enthalpy uf {qrmatinn of Mgfl - ~602 kJmole”
Standard' elﬁHa{By ﬂf subllmatmn of Mg =150 kJmole™
lonization energy of Mg to form Mg”y = 2180 kJ mole™
Standard enthalpy of atomization of 0; =247 kJ mole™
Electron affinity of O to form 0", = 141 kJ mole™
Electron affinity of 0", to form 0%, = 878 kJ mole™
(Ans: -3916kJ)

6.5.1 Factors Affecting Lattice Energy

The magnitude of lattice energy is influenced by the charge density of an ion. The charge
density is defined as the ratio of ionic charge to the ionic radius of an ion.

_/\/ N\
\

Charge density = lonic charge/ ionic radius A O\
0 \l '/0 \(\\\0\/

There are two factors that have s1gmf1cant éfieg,t oﬂ Iatth:e ene y! -

n\"

O v/ \ \{ U\
1. lonicCharge O\ \~"0\| \\»
The magnitude lerﬁc chargé is v.mpurtant in determining the lattice energy. As the

magmtude\\ﬂﬂt}iéﬁé charge increases, the lattice energy also increases. The reason is that
the higher charges have strong electrostatic attractions, and they release higher energy when
they come together to form an ionic lattice. For example, MgO has a higher lattice than NaCl.
This is because Mg'? and 02 ions have a larger magnitude of charge as compared to the Na*'
and CI" ions.

2. lonic Radius

lonic radii also affect the lattice energy. As the ionic radius increases, the lattice energy
decreases. The reason is, larger ions have higher electron-electron repulsions. This keeps
opposite ions at a greater distance, leading to a weaker electrostatic attraction between the
jons. Larger ions need less energy to separate them. This results in lower lattice energy. For

example, lithium fluoride(LiF) and potassium fluoride(KF) have the same ionic charge, but
different jonic radii. Li* ion is smaller than K* ion, due to this LiF has higher electrostatic

attraction between its ions as compared to KF. Su LIF has hlgh&{ tattice eng[g_yf than KF.
Concept Assessment Exercise 6, 6 (
Which of the following campmuﬁds 15 éxp\ec\ed tn have hlgher lattice energy? Why?

N \“\J|\H\“ Ul LiFor NaF
\ b. NaCl or MgCl,

¢




6.5.2 Role of Hydration in the DlssulvingPra;gss

The energy change of solution formation depeﬁds on thre& typ-es of interactions between solute-
solute, solvent-solvent,) and/s{ilute sqh\ant p&rﬁc[es When a solution is formed, the
interactions betweep mlute pamcles are broken. At the same time, the solvent molecules also
move apa \hﬁébﬁﬁmndate the solute particles. Because it takes energy to break the
mteracti&h Therefnre, both processes are endothermic. At the same time, interactions
between the solute and solvent particles occur, i.e., hydration occurs. Solvent molecules
surround the solute particles on all sides. Energy is released in these interactions, so it is
exothermic. Thus, the strength of these two types of interactions determines whether the
dissolution process is endothermic or exothermic.

Therefore, when a solute dissolves in water, the attractive force of the solute particles must
be overcome to break the solute particles out of the solid lattice. A strong force must bind
these separate solute particles to the water molecules in the solution. Therefore, the heat of
solution measures the net flow of energy that occurs when a substance dissolves. The energy
required to break the solute particles is equal to the lattice energy ( A Hiwce) Of the solute. On
the other hand, the energy released when solute particles bind to water molecules in solution
is equal to the enthalpy of hydration ( A Hnyua). For other snlvenj:s, th1;gn§l:ﬁ ﬂ \called the
heat of dissolution. The enthalpy of solution includes botht 'Eﬁ%rgx@tﬁféd to push the
solvent molecules apart and the energy re re@aseﬁ when ttlw q&uncf the solvate particles. So,

enthalpy of solution A @wmﬁm dlff\éﬁencg\m A Hm and A Hiya.
W F dl Hmm A Hw_.us

When Al \Hm 1m ls very large, the solute is unlikely to be soluble. But if A Hsiuien is moderately
positive, then solute dissolves. For example, when ammonium nitrate dissolves in water 25.7

kJmole'energy is absorbed and the flask becomes cold. This is because crystal binds NH: and

Nf:)3 ions more tightly than the solution.

NH¢ND +xH 0. M NH4 - NO;:W} A Hsoition =25.7 kJmole™

¥s) ()

On the other hand, if solvent binds solute particles more tightly than the crystal, energy is
released as the solute dissolves and we have an exothermic solution process.

For example, when NaOH dissolves in water 44.5 kJmole'energy is released and the flask
becomes hot '

NaOH,, + xH,0,— Na, + OH{

7\

N 'AH#"D{{LS Winole”

.\/ N\

Thus solution process can be endﬁthermie; ur éxnthenmt; depe\ding upon the difference in the
. lattice energy for mlutéhnd heafﬂf hyd*qtmh for solute particles. Other examples are given
below W\

\ \ \J\“ I‘ '



CaClyy +H,0y—Cafty+ 20l ¢

P M\

—~ {1 {\\
—~7~N\ VLD
2 ({\\\\

K P 83:0 Kamole”

msoﬂu}+xHag{n“—'M#.qj+SO£ﬂ N A Hsoin =-91.2 kJmole™

The values of 5&'[anpam enthalpIEs uf solution of some ionic solids in water are given in table

(6.3) Q) NN

Table 6.3: Enthalpies of Solutions of some ionic solids.

i “NaCl T s298

- K W2

: KI T +20.3

 _ NHNNO, +25.7 .
AlCl, -321.0

i . /\/:,\l»
—~ 10

- \

\ r=d i '.!.‘-3'_J

\I'/ ' \~l\:,‘”
6.5.3 Energy cycle invulwng antha(py nf soiutfmrf lattice energy

and enthaipy ufhydratlnn /S

[ M(g) +X(g)
JNt\'

\\H\“ \“

m_'l“

MW

-
MX(s) M(aq) +X(aq)

e

N'Iw

According to Hess's Law

BH sotion = AH Revese tattice + AH Hydration

AH Hydration is determined by adding the AH Hydration of both cations and aniuns Note that
AH Reverse lattice has the same magnitude as AH lattice but nppnmte sign.

Concept Assessment EXEI' m& ? ' ‘;' ("}:'::/ ) _"1 A

Constructan energy cycle auc[en&rgy el diagmm tu calcu[ate the AH Solution for NaCl
and calculate its enfﬁaiw of soiutinn ‘om the following data,
AH latt,-:e N Wﬁﬁkﬂmnl

AH Hydratlm = -783 kJ/mol




6.5.4 Factors Affecting Enthalpy of Hydration(.\

The magnitude of enthalp*,r of hydratinn is mﬂuanced by the charge density of an ion. The
charge density is defined as the ratm wmc tﬁarge to the ionic radius of an ion.

ﬁhﬂfﬂ?, daﬁslty Iomc u:hargte;Ir mmc radius
ﬂmrefnre, twn factors affect enthalpy of hydration.
1. lonic charge

The ionic charge of an ion affects the electrostatic interaction between the ion and water
molecules. lons with a higher charge exert stronger attractive forces on water molecules
through ion-dipole interactions, resulting in a higher enthalpy of hydration. Therefore, as the
jonic charge increases, the hydration enthalpy also increases and the hydration process
becomes exothermic. For example, the hydration enthalpy of MgO is more exothermic than that
of NaCl. These compounds are ionic compounds and consist of Mg, O and Na 1, CI" ions,
respectively. Both Mg* and O have a greater charge than Na'* and CI" so the hydration

enthalpy of MgO is more exothermic than NaCl.
2. 2.lonic radius 3\ @0

~ Y \ \ A '\_/ AV R

The size of the ion also affects the"enthalpyCof l}ydratmm §malhr nonf\have a higher charge
density, exert a stronger attraction on water mqletules Therefnre more energy is released
when they hydrate and the enthiltmr mf hy\dﬁtibn becomes exothermic. On the other hand,

larger ions spread gr.it\ﬁhlq charge distribution and exert a weaker attractive force on water
molecules. \Tm.h l!esk energy is released when they hydrate. For example, the hydration
enthalpy of MgS0, is greater than that of CaS0,. Sulphate ions are common in these compounds,
their hydration enthalpy difference must be due to Mg** and Ca** ions. Both Mg and Ca belong
to group 2 of the periodic table. Mg is in the group below Ca, so the Mg** ion is smaller than the
Ca® ion. Thus, the attraction of water molecules to Mg* ions is stronger than to Ca®* ions. As a
result, the hydration enthalpy of MgS04is more exothermic than that of CaS0s.

6.5.5 Factors Affecting Electron Affinity

Three factors effect electron affinity.

~~ \.»

1. Nuclear charge s Atomic size 3. Shielding effect
For detail see section 10.5.1.

[Concept Assessment Exercise 6.8 A

Which has higher enthalpy of hydratiun? Justifv Four answer , N [(2o
a.lForNaF .\ 7\ \(O1EA
b. KNU; or I~JIaN0,




6.6 ENTROPY (/7 RO

\ o
\ o \ N
|

Which state of matter has more dlSGFdE‘l’ randbm nrder, and rnmimum particle energy, solid
or gas? The degree of dfsﬂrder and“rand&mnes‘saf a system is called its entropy. It is marked
with the symbol L a system moves from a more ordered state to a less ordered state, the
entropy. of, F%té 't\ends to increase. Melting ice gives us a great example of entropy. In
ice, the 1H idual molecules have a fixed and ordered arrangement and minimum energy. As
the ice melts, the energy of its molecules increases, they gain more freedom of movement
and become more disordered. As a result, the entropy of the system increases. On the other
hand, when water vapour condenses into a liquid, the molecules become more ordered and
less energetic. Therefore, the entropy of the system decreases.

The entropy change of the system is denoted by AS.

« |f the entropy of the system increases, this is represented as a positive change AS > 0
« When the entropy of a system decreases, it is represented as a negative change AS <0
+ In general, when the temperature of a system increases, its entropy also increases, its

AS>0.
o As the temperature of the system decreases, its AS < 0, P
6.6.1 Calculation of The Entropy Change 12\ C O

\\0\ &

The entropy change for a chemlca[ reachbﬁ va;n be tali:ulate}w the fullowing equation.

\"- U\

A ms" QS&;AM '35 et
Suppose we wwt(\ﬂ\d;altu\ate ﬂS" fnr the following reaction.
WY e
5% (A) = 40kJ/mol.
§° (B) = 50kJ/mol.
5 (C) = 100kJ/mol.
Solution A5Y = T8% rmucss - ESrocucts
= [1{100)] - [1(40) + 2(50)]
=100 - [ 40 +100]

= - 40kJ/mol.
As the number of gaseous molecules in a chemical reaction increases the entropy also increases.
Concept Assessment Exercise 6.9 AN , \;(%;".@3;2)

For which of the fclluwmg reactmns &5" is ;;inmtive or negatwe T

b) ZHyy +'0%l al| = ngﬁm
i\ ﬂnm’ - Hluta}




6.7 GIBBS FREE ENERGY

Gibbs free energy is a measure of amuunt af a useahle energy nf a system at constant
temperature and pressure, \It is peﬁned qs\he enthﬁlpy of a system minus the product of its
temperature and entro Py Gibbs free energy is also known as “Available energy”. | t is denoted

by syrnb-nl afFFt' the ﬁame of its discoverer, American scientist Josiah Willard Gibbs in 1876.

G=H- TS
Where G = Gibbs free energy
H = Enthalpy of reaction
S = Entropy

Gibbs free energy is a state function, it does not depend on the path followed by a reaction.
Therefore, change in Gibbs free energy is given by;

AG™ = AH" - A(TS)
When the reaction is carried out at constant temperature
AT =0 AR
Therefore /;T‘ \ (@ ( N ‘

A\ \| '/( \\“/
46" oant s\ \

\\\\\\

This equation is called aS(Gibbs«He’(mhnlE.;%@uaﬂtjnﬁﬁG is partu:ularly useful in determining
the spw:nntameut'g.ir and ethhni,Jm State of'a chemical reaction.

The sign and\f tﬁﬁéﬂf BG indicate whether the process is spontaneous or at equilibrium.
There are possibilities,
« If AG* < 0 or negative, the process is spontaneous in the forward direction. This also means

that the system releases energy (exothermic) and tends to move to a lower energy state.
« If AG">is positive, the process is non-spontaneous in the forward direction and requires

energy (endothermic).
« |If AGP®=0, the system is in equilibrium. Gibbs free energy is also useful for understanding

phase transitions, such as from liquid to solid or gas and vice versa. Consider, for example,
the melting of ice

H,0y —H,0y

At the melting point, AG® = 0, so the solid and liquid phases are in equilibrium. Below the
melting point, AG? is negative, indicating that the solid phase is more ordered. lnstead,
the’melting point, AG® is positive, indicating that the hquid phase 15 ;nore djsmﬂeréd,

Enthalpy and Calorie Cnntents uf Foad

The amount of energy in Moodnr dnnk mmem\ured in calones Calnnes in food refer to the
amount of energy stnred in fmd, which is released through the metabolic processes in our body.

The enthaley@apbe aséodated with these processes corresponds to the amount of energy
released or absorbed during the process of dIgestian and metabolism. The energy content of



‘\’/’—\

food is measured in Kilocalories and is often just calories. 1, Kﬂucalane{_kcali is' appmximately

equivalent to 4.184 Kilojoules(kJ).. This t):unmrtiﬁn fas;tor rélates the' energy released during a
chemical reaction to the calorie Luntem: uf fuod A

. \-«*I‘he 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 called 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. PN

The condition of a system when various propertles témperﬁttﬁ@ ﬁr’éssure, volume,
number of moles etc of system @ue &efmlte values ¢al@déi\te of the system.

The properties that are detemin&d by tQE;state 'of the system regardless.of how that
cnnditinn wa:@cm ved/ ara R$ﬁﬁ functions.

;iﬂ\ﬂj ,all kinds af energles of the particles of the system is called as internal

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

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.

References for Further information:
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Martin Silberberg, Chemistry, The Molecular Nature of Matter and Change
Steven 5. Zumdahl, Chemistry

Olmsted Williams, Chemistry, The Molecular Science A
Bonder Pardue, Chemistry, An experimental Science 1o\ (@ QUL
Darrell D. Ebbing, R.A.D Wentworth, lnt;mduc:mry Chemutry B
Raymond Chang,- Essen;lal Chernismr .

Graham Hill arrd Juhﬁ Hﬂtman\fhemistry in context
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(i)  Which of the- {ﬂllowing mhﬁtances have zero value for their standard enthalpy of
fo i Htjmﬂ N
(a) O, (b) H,0
(c) Zn0O (d) None of these.
(i) Calorie is equivalent to;
(a) 4.18) (b) 4.18kJ
(c) 0.418) (d) 0.418kJ.

(iii) Enthalpy of neutralization of all the strong acids and strong basis has the same value due to;
(a) The formation of salt and water

(b) The formation of salt .

(c) The complete ionization of acids and f . \ \Ir ’-(%‘ \ (:@ \Q'/ MShe
(d) The combination of H' and;}H i@s A\ \ '(«.\\,.\ , s
(iv) Total heat conte@nf as;rsmm lfg@.q\s} N
(a) Enthal NIRRR) ib} friternal energy
IN | o\
{Qf(@\& (d) State function
(v) Heat of 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) Bothaand b (d) Constant temperature &N\ @0 IR
(viii) Born Haber cycle is used to detennine lattu.;e enérgi’ea ﬁf{ [ ( "ij AL

(a) Molecular snlids ;;h}h:mc s.g{ds\ ;.__/\_J. =
(c)Covalent so{ifls \ \\ td) Metattic solids

'\\\ \J\




() Enthalpy of combustion for C is -393.5 kJmete ] N\ :”7"“’1"’_“/“}"1" U\

A\

Co * 0,(8) _]" Cﬂzm 7 ?—": ./ﬁ Ha Con)bl.m‘rm el 393 5 le;'mle‘
Enthalpy Gf furma’uen ef COI weutd be,
G ST () 3935k
' (c) Zero (d) Cannot be predicted form the given equation.

(x) 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

(xi) 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 "R
o~ ~ \ \ Q

(c) Standard states of all the substances, - \( ,‘“?O “W@\'u'/ UL
(d) Balanced equatlmruﬂ &Bleqtelmnt \\ \ :
1.a O A (\‘f a b\& -\?é\c/hd ) 4.a,b,c,d
Namegnu\l%f}mz umts ef therrnal energy

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

Classify reactions as exothermic or endothermic.

Define bond dissociation energy.

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 CH,OH.
aHefor ethanol(l) = -277.0 kJmole™

AH? €Oy, = -393.5 kJ mole™, AH] water, = -285.8kJmole”

—_ '.f’(. 1\
=T /,«\ \\ { -, \\\

Calculate from the data in tabl,e 11 M a.nd 11“2, tlf_q\e' Er(thaip? Ehanges of the following
reaction at standard cendltmne, YEaR\RCA\S

IEHB\II] Gtm+3ﬁzm \ o (Ans: -49.6 kJ/mole)

N Th \‘Ihehi Ef combustion of liquid benzene, CH, to form H,0 and CO, at 1 atm and 25°C is

3263 kJmole™" of benzene. What is the heat of fennatmn of liquid benzene under these
conditions? (Ans: +49.6 kJ/mole).




10.

11.

11.

13

14,

15,

16.

17.

18.

Camphor (CyoH,,0) has a heat of combustion of 5903.6 k.HmnlE A sarhpleof tamphor
having mass of 0.1204g is burned in a bomb. talﬁﬁrmter Th¢ tempfrature increases by
2.28°C. Calculate heat :;apacl‘ty of the calnnmete{ “(Ans: 2.04531kJK™)

In a coffee-cup EEIGHMEtEF fﬂ'ﬂtmi of 'P\OM HCl and 100 cm? of 1.0M NaOH are mixed at
24.6°C ralsed\q?{l]Pératur& b}f 6.9°C. Calculate the enthalpy of neutralization of HCl by
NaOHffom the given data. Heat capacity of water s 4.18 J/gK. (Ans: -57.684 kJ/mole).

Calculate AH" for the reaction
S{sj ‘*Umu_"‘ SDEM

from the following data

SI:} e ’ Di{a:-_"“ 50,4 AH® =-395.2kJ

250,,0,,—>250,,  AH =-198.2kJ
An aluminium frying pan weighs 745g is heated on a stove from 25°C to 205°C. What is g

for the frying pan? C for Al is 24.35 Jmole'K* Ans: 120938:3Y) -
Write the balanced equation for ﬂ'le fonnatjnn reae;ir)hiaf eﬁth SEAhE following
substances 0\ ¢ '/m \RSR\SY

(a) C;H,0H (Butanol) %} Rll§t. F‘B]ﬁh \\ tcmetic acid CH,CﬂzH (d) Urea
(NH,), CO \1\ ' AR\B\® .

The hu ﬁqﬁ&:&} urns 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 -285.8kJmolre™ respectively.
Determine the heat of formation of glucose. (Ans: -1258.8 kJ/mole)

The standard combustion ‘enthalpies of carbon, hydrogen and acetic acid are -393.5 kJ
mole’, -285.8kJmole” and -875 kJmole™ respectively. Deduce the value of standard
enthalpy of formation of acetic acid, CH;COOH. (Ans: -483.6 kJ/mole)
Is the conversion of magnetite, Fe;0, to hematite, Fe;0; by oxygen is endothermic or
exothermic? Justify your answer,

3Fe(s) + 20,,—>Fe,0,,, AH" =-1118kJ PR (

2Fe, +30;y —> Fe O B = 824200

/'\'

Calculate AH for the cmmun ﬂf}mpmt}.h t dianmd Heats of combushons of graphite
and diamond measureqi' at ZS“C and1 atm pressure are - -393.5k) and -395.4 kJ respectively.

\} J|\
\li N , (Ans: +1.9 kJ/mole)



19. Develop a hypothetical reaction and calculate the Gibgsquﬁbry Digcgssmmdltnﬁ under
which reactimwmdbespmtanewsonnmspmmm \ | =

20. Arrange the fnllumng cnt@wnds in o{dex ohnéreasing entmpy Justify your order.
Al |\ \CH{OH (5), CH,OH (g), CHOH (1)
l

21. mtiuﬁi%lum&isan jonic solid. It dissolves in water and can be used as an optical coating
for lenses.

Draw Born-Haber cycle for the enthalpy change of solution of SrF,(s).
b. Label each enthalpy change.
c. Calculate the enthalpy change of solution of SrF;, using the following data.
Enthalpy Change AH*, kJ mol”!
Lattice energy of 5rF; -2492
Enthalpy of hydration for Sr* ion -1480
Enthalpy of hydration for F' jon 506
Write the names of factors the affect enmalpy of hydratmn
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Rﬁﬂ@%ﬂ&%ﬂ“ the fundamental concepts of enthalpy, entropy, and Gibbs free energy.




