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Himh
0.1 Encircle the correct option. (15 Bag
(i} Londen dispersien forees are the only forces present among:
A. molecules of waterin liquld state
B. atomns of helium in gaseous state at high temperature
C. molecules of solid iodine
0. melecules of hydrogen chloride gas
(i) identify equation which Is used to determine the molar mass of a gas.
A. PV =nAT B.nV=RT CpV=KT D.E=me!
(i} When water freezes at 0 °C, lts density decreases due to:
A. cuble structure of ice B. empty spaces present in the structure of jge
C. decrease n volume D. decrease in viscosily
(v} Whichoffollowing Is the correct sequence of Increasing AHy values of substances mentioned;
A H0>NH;>F B. Fi>NHy > H,0 €. NH, > H,0>F, 0. H0>F, > NH,
(v} Which type of intermolecular force Is present in all types of molacule regardiess of their palarity)
A. Dipole-dipole forces B, Hydrogen bonds C. London dispersion forces D. lon-dipale forces
(vl) Which of the following Is a crystalline solld?
A, Glass B. Plastlc C. Quartz 0. Wax
0.2 Write short answers of the followlng questions. (Zxg= 1)
(Il Why food cooking is difficult In the areas with high altitudes?
_{il] What Is meant by habit of a crystal?
() Discuss how hydrogen bonding Is responsible for the relatively high surface tension of walter,
(lv) Differentiate between crystalline and amorphous sollds.
(v One feels sense of cooling under the fan after bath.
(vl) Define vapour pressure and surface tenslon.
(vil) How does the heat of vaporization alfect particle movementy
(vill} What are liquid crystals? Give two of their uses,
Q.2 Extensive Questlons, (Zxa=g
(a) What are London dispersion forces? Give examples, and discuse the factors affecting these forces,
(8) A sample of an unknown gas has a mass of 0.560 g. It occuples a volume of 2.87 % 107 m’ ats

temperature of 300 K and a pressure of 1.01 = 10° Pa. Calculate the, molar mass of the gas, [Ci. constan,

R=8.31K  malY)
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Studont Leaming Oulcomes

afer studylng this chapter, students will be able to:

«  Describe those chemical reactions are accompanied by enthalpy changes and these changes can be
exothermic {AH" s negative or endothermic AH® is positive). (Understanding)

¥ Interpret a reaction pathway diagram, In terms of the reaction and of the activalion energy
{understanding)

»  Define terms such as standard conditions, enthalpy change, reaction, farmation, combustion and
neutralization, (Understanding)

»  Explain that energy transfer occurs during chemical reactions because of the breaking and making
of bonds. (Understanding)
Calculate the bond energles for the enthalpy change of reaction &H®, (Understanding)
Deseribe that some bond energies are exacl and some bond energles are approximate
{Understanding)

« Calculate enthalpy changes from approximate experimental results, including the use of the
relationships q=medT and AH® = -medT /n. (Appllcation)

«  Define terms such as enthalpy change of atomization, lattlce energy, AH®, Mirst electron alfinity, EA
{Knowledge)

« Use terms such as enthalpy change of atomization, laltice energy, first electron aflinity
[Application)

« Construct Born Haber®s Cycles for lonic solids, (Application)

#  Perlorm calculations Involving Born- Haber cyeles, (Understanding)

» Explaln the effect of lonlc charge and lonlc radjus on the numerical magnitude of lattice energy.
[Understanding)

«  Apply enthalpy change with reference to hydratlon and solutlon, (Applicatian)

»  Construct an energy cycle invelving enthalpy change of solutlons and enthalpy change of hydration
[Application)

= Perform calculations Invalving energy cycles. (Application)

«  Explain the effect of lonic charge and lonlc radius on the numerlcal magnitude of an enthalpy
change of hydration, (Understanding)

« Define the term entropy, 5, as the number of possible arrangements of the particles and thelr
energy Ina given system, (Understanding)

«  Explain the sign of entropy changes that occur durlng @ change In state, tempemture change and a
reaction In which there Is a change In the number of gaseous molecules, (Understanding)

o Calculate the entropy change for a reactlon, 45", given the standard entroples, 5, of the reactants
and the products. [Application)

+  Explain the concept of heat as a form of energy. (Understanding)

+  Explain the relatlonship between temperature and kinetle energy of particles. (Understanding)

+  Stale thattotal energy Is conserved In chemical reactlons. (Understanding)
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(Understanding)
Explain Hess's Law. (Understanding)

Explain Gibbs free energy. (Understanding)

s Explain the concept of standard conditions and standard states

Apply Hess's Law to calculate enthalpy ehanges in a reaction carried out in multiple steps. l'-ﬂlPF"Ei'IlunI.
Explain the relationship between bond formation energy and bond breaking energy. (Understanding)

Apply the concepl of Gibbs Iree energy Lo solve problems. (Application)
Outline how enthalpy change relates to the calorie concept of the food we eat. [Application)
Explain factors alfecting the electron alfinities of elements. [Understanding)

In measunng encrgy :Iunm

= Thermochemistry

Thermochemistry ks the study of the quantity of heat energy absorbed or evolved during physical or
changes. That Is why it is also called energetics and Is largely based on the first law of thermodynamics

Hess's law, a special case of 1" law of thermodynomics, Is a remarkable tool in a chemist's hand ang fing
numerous applications in analytical chemistry, Moreaver, thermodynamics allows us to predict whathee ,
particular reaction can occur under specified conditions Le., it discusses the spontaneity of a reaction,

ENTHALPY CHANGE

The energy possessed by a substance due to Its structure {types of
bonds) and physical state is called its heal content or enthalpy
denoled by H. Every substance possesses a characteristic amaount of
enthalpy. This is the reason that the total enthalpy of products (H,] Is
never equal to that of reactants [Ha). Hence during a chemical

feaction, when reactants are converted into products, there occurs a change in enthalpy denoted as AH, |y
other words, enthalpy change Is the net energy, which is either evolved or absorbed in the form of heat,

Mathematically,

AH=(Heat content of products, H,)-[Heat content of reactants, H,)

= Exothermic Process s Endothermic Process

There are two cases:

i.  Hr < Ha: such reactlons invalve a lowering of enthalpy and
always take place with the evolution of heat which is equal to
H,—H, and &H carries negative sign.

"A chemical reaction or a physical change In which heat Is
evolved from the system to surroundings Is called exothermie
process.”
For example, combustion of carbon In oxygen Is an exathermic
reaction.

i) * 04y —>C€0yy,)  OH=-393.7 ki mol™
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ﬁtj Interesting Informationt
The dissolution ol ammaonium chioride (HMLCT) imoweater

15 an endothermic feaction This reaction is uted in cold
packs [of Ice packs) to treat internal Injusies. When the
pack 1 kneaded, water and NMCE eryitali mis and
energy 16 abiotbed from the surroundings, producing a
conling sendation

@ Rack Your Mind!

1 wi'q In exothermis resclions
heat It released lrom the
wwilrmd

following Figure shows the enthalpy diagram of exathermic and endothermic reactions

L

H, reaclanis " products
== :‘:':-H' : - H..."H,
. AH = negalve He
E.nllu'prT E.n'lh.\‘lp'rl S
H, procact .| reaciant
Pregress of Reacuan Progress ol Reacton
[E1] B}
Figure: Enthalpy diagram of (a) Exothermic Reactlon and [b) Endothermic Reaction
e Exothermic reaction Endothermle reaction
e — 1. The reactlon In which heat is evolved from the | 1. The reaction In which heat is absorbed by the
@ system Is called exothermic reaction, _system ls called endothermic reaction
: Rock Your Mind! 7, The heat contents of product is less than thatof | 2. The heat contents of praducts is more than that of
1. What s a thermochemlcal equation? reactants. reactants,
] Products i
1n anchalpy
i
l::ui!llﬂ 'Ifrﬂﬂlﬂrﬂ \Hl-lm,': L]
Reactants
(3. AMis negative. 3. AHls positive.

@ Rack Your Mind!

L Which of the followlng 1i an
endothermic reaction?
{R) Ty, + 0y —+ 2,0,
10) My # Oy —+ INO,,,
(Ch NaOH,, + HO, , —+ NaCl, ., + H,0,,
(0] CH,OM 4+ 20y ~+ 2C0,, + 3,0,

Il.  Hs> Hu: such reactlons involve an increase in enthalpy and always take place by the absarption of heat

which is equal to H, — H, and &H carries positive sign.

"A chemlcal reactlon or a physical change In which heat Is absorbed by the system from surroundings s

known as endothermic process.”

For example, The dissolution of ammaonlum chloride [NH,CA] in water Is an endathermlc process.

NH, ) — P K] 46y

AH=4162 ki mal™

4, The Number of bonds fermed is greater than the
bonds breakage during a reaction.

4, The number of bond breakage is greater than the

bonds formation during a reaction.

|G Opy——+COxy  &H=-393.7 kI mol*

5. The temperature of the system rises and eventually [ 5. The temperature of the system falls and eventually
heat flows from system Lo sumoundings, heat flows from surroundings to system.

6. The most spontaneous reactions are|6. The wmost non-spontanecus  reactions  are
exothermic. endothermic.

bample: Examples:

Nyjg + Opo—+ NGy AH= 180k mal™?

ENERGY PROFILE DIAGRAM

= Ena of Activatio

All chemical reactions Involve the breaking of bonds In the
reactant molecules before the formatlon of new bonds. This can
be achleved only If the reactant molecules collide with sulfigient
amount of energy to overcome an energy barrier, This minimum
amount of energy required by the reactant molecules |ust to
crass that energy barrler Is called energy of activation denoted

by E,.

@ Rack Your Mind!

4, ln a reaction pathway diagram, the
poak representd o
) Resctants B) Products
C) Activalion energy O] Heat releaned
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Draw the energy profile dlagrams for the followling reactions:
I

Ans.

Progress of Reaction Prograss ef Reaclion
Figure: Energy profile diagram in terms of A and s _

QUICK CHECK 6.1

—— i —— —
—
-

CH'“] +Zl.'.l=m -—D{D!lﬂ +1H10{n1 AH=-890.3 kJ I'l-'lﬂ],"‘-

h
The energy profile diagram of exothermic and endathermic "-‘3':“““’ are given In Figure. ’gﬂﬂun ? EHEMIS._"E [_1 1_:'_ e —— — Er
4 |"' 1. Reactants (Cac0,) start at a lower e energy level than products (Ca + o). |
1 2. Energy absorbed: The reaction requlres +572 kifmol (endothermic), shown as an upward arrow. i
products | 3. Activation encrgy (E,}: Not specified, but implied by the curve’s peak (nat drawn here for simplicity) i
Hi Hot R i « Endothermic reactions always show products at a higher energy level than reactants |
I ol I AH 4 b e Jhe +8H value ¢ confirms energy is absorbed (e g, thermal decomposition of limestone) 1
Enthalpy Ihatpy -
STANDARD ENTHALPY CHANGES
[ 4 — e Hal asnsatrhsdassase

The enthalpy of a substance not only depends upon Its physical state
put also on the pressure and temperature, Hence, we must speclfy
these conditions while writlng an equation, Therefore, when making
sueurate comparisons of enthalpy changes for varlous reactions, &H
i determined under certaln standard conditions, which are
5url1l1'li'|l¢d below:

|
i
I
L]
I
L]
; |
4 vl ?
I
i
!
i
Enlhalpy !
|
1
b=
I
i
I
1. Reactants start at higher energy than products (exathermic) E
2. Energy barrier represents aclivatlon energy I
3. Vertical drop shows the large heat release (~B50.3 ki/mol) |
4, Uquld water product Is at lower energy than gaseous reactants i
The downward slope shows this Is highly exathermic, typleal of combustion reactions. The exaet | 2
activation energy isn't specified here, but the diagram shows there must be some energy Input 1o |
initiate the reaction, i
CaC0,,) —>Caly + €O,y AH=+572 k) mol™ !
|
1
-~ l
L
I
5 L
! CaD+CO, |
poenefrnmbaneosananes '
Enthal : I
nthalpy b | aH=s572 kd mat' i
i 1
o S R RS | 12
1
I

[;;nld‘rau KnowT

The ttandsrd state of an element b ity most
shable forem st 298 K and 1 atm pressule

for ezample, the standard state of C b
graphite mot dismand. Dy definitian, the
siandard enthalpy changs of farmation of sny
element bn ita standard state i4 rero,

3) Temperature: 25°C ar 298 K
b) Pressure: 1atmor 101 kPa

Enthalpy Change of Reaction (aH?)

The Standard enthalpy of a reaction is the enthalpy change
invalved when stolchlometric amounts of reactants In thelr
staridard states react together completely to form products under standard conditlons.

Example: Cansider the reaction belween hydrogen and oxygen gases o form 1 mele of water:

.EI-H-‘: = =286 kI mal™

@) Rack Your Mind!

5. What I maant by atomlzstion energy?

1
Jil} # —I-DJ

Enthalpy Change of Combustion (aHg}

The standard enthalpy change of combustion of a substance Is the enthalpy change Involved when one
mole of the substance Is completely burnt In excess of oxygen, under standard conditions.
It Is always exothermic.

Example: Standard enthalpy of combustion AH" C of ethanol Is 1368 kI mol™,
CH;0H + 30,y —2C0, ) +3H,0,  8HZ =—1368 I mol™
Enthalpy change of combustion is useful In calculating calorie content of foads and fuels.

Enthalpy Change of Formation (ak!) )

standard enthalpy change of formatlon of a compound is the enthalpy change involved when one male of
the compound Is farmed from its elements under standard conditions.
It can be exothermic or endothermic.

Example: AH] for methane Is given below,
Cpyy+2Hy—>CH,(,y  BH; ==74.8 K mol™

w0

Enthalpy Change of Atomization (aHZ)

"The standard enthalpy change of atomlzation of an element Is the enthalpy change Involved when one
mole of gaseous atoms Is formed from the element, under standard conditions.”

Example:
Hyy —— 2y
1My —Hy
Enthalpy Change of Neutralization (AH?)

The standard enthalpy change of neutralization Is the enthalpy change involved when one male of water is
formed by the reaction of an acld with an alkall under standard conditlons. It Is always exothermic.

E,.,, =+436 k) mal™
AHE, =+218 ki mal™
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Example: The enthalpy of neutralization of NaOH by HeLis =571 mal 1 _-“h“‘
When these selution are mixed together during the process of neutrabization, the only change tluln“

is the farmation of water malecules leaving Ma® and ©f° as free lons In solution. Thus, the enthy
neulralization ks merely the heat of formalion of one male of quid water from (s lonlc componeny,
the actual neutralization reaction is: Any

My + O, —sH,0,, AW =-57.1 kI mol !
For all strong acid-base feactions &H" is always near ~57.1 k) mol .

D  Elegtron Affinity (AH, )

The first electron alfinity is the enthalpy change Involved when
1 mole of electrons is added to 1 mole of gaseous atams to form
1 mole of gaseous uni-negative lons under standard conditions.
Example: Electron affinity of chlarine atom,

Clig+e —CC BH=-388 K mol™

Since, energy is released, so first electron affinity carries negative sign,
Note: A detailed discussion of electron affinity is given In chapter 1.
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@ Rack Your Mind|

B Why Is It necemsary 1o mentbon
phytical stales of reactants and
In & thermo chemlcal reaction) Aopy
Hew's Law Lo Justhly your annwer,

QUICK CHECK 6.2

|
]
a)  Write equations, Including state symbols, that represent the enthalpy change of atemization of: |
(i) Oxygen (i) Barium {115} Bromine i

Ans. (i) Oxygen (04) !
|

1

|

1

- E— e —
—

1

3 Osi =0y 4H,, =+249k)/mol

|

i

|

i

|

I

|

i

L (10 Barium (83)
| Ba, —»B3,, A4H, =+180K /mol
i {ill} Bremine (Brs)

: %B'zm ——3B, AH,, = +112k)/mol
1 b)  Classify the enthalpy change In each of the following reactlons:
I
]

I Cigpsan + 040y —>C0y,
L]
I “l Hu"] +HH”’] _"NHI c’f{l}
i Ans. Enthalpy Change of Combustion (aH])
)] H:m+1,".'tﬂ I}—pulnm
1 Ans. Enthalpy Change of Reaction (4H,)

|
i
|
|
|
i
|
]
| ans. Enthalpy Change of Formation (AH]) |
i
|
]
|
i
|
}

D — — i — i — — S e S S e e

BOND ENERGY (BOND DISSOCIATION ENERGY) AND ENTHALPY CHAMNGES

Chemical reactions invalve the breaking and making of chemical bonds. When a bond is formed between tw
atoms, energy Is released. The same amount of energy Is absorbed when the bond is broken to form nevnl’
atoms; we call this, bond dissoclation energy.

2 Bond Energy
It is defined as, "The average amount of energy requlred to break (dissoclate) one mole of a partiouly
bond In a substance.”
It may be denoted as E. If we are determining band energy of a particular bond In a panticular substance, we ol
this exact bond energy.

SCHOLAR 2 CHEMISTRY (11") 179

This Is to be noted that bonds between the same pair of atoms
ysually have dilferent bond energy (B.E) values, in 2l of their
compounds. Actually, bond energy Is alfected by other atoms in a
molecule. For example, €=C bonds usually have bond energy values
of approximately 350 to 380 kJ/mol

@ Rock Your Mind!

7. Enerpy 18 abiavbed when:
A) Bandy are formed
) Bandy are broken

f o : . i €] Reaction 4 esothermic
« Inethane: [HC-cH,|; E, . =376 ki mal s
+ Inpropane: [H,C~CH, -CH,|; E,., =356 kJ mol™!
+ Inbutane: [H,C=CH, -CH, -CH,]; E. =352 mel”

In these examples, E._._for ethane s exact bond energy. Similarly for propane and butane, €. are exacl
bond energles. When we take average of all E._; In different molecules, we oblain average C=C bond
energy. Practically, average bond energy Is used instead of exact bond energies. Average bond energles of
some bonds are given In Table.

Table: Average Bond Energles of Some Important Bands (ki mol™)

H-|c=|c=|Ca|N-|n=|HN=]|]O-|0O=]| — |Cl=| Br=| I-
H | 436 | 413 391 463
C [413 ]| 348 [ 615 [ 812 [ 292 [ 615 [ 801 | 351 | 728
M | 391|292 | 615 [ 891 | 161 | 418 | 945 | 222 | 607
o | 453 | 351 | 728 222 | 607 129 | 498
s | 339|259 | 477 347 327 [ 251 | 213
F | 563 ]aa1 270 185 159 | 255
cL|a32] 328 200 203 243 | 218/ 209
or | 366 | 276 182 | 180
1 | 299 | 2a0 201 151

ENTHALPY CHANGE OF REACTION (aAH,) AND CHEMICAL BONDS

A chemical reactlon Is deflned as a process during which old bonds are broken and new bonds are formed.
Therefore, the enthalpy change (4H,) in a chemical reaction actually comes from the breaking and forming of
¢hemical bonds.

A chemical bond represents a form of energy known as chemical energy (which, like the others, is interconvertible
imo all forms of energy). Bond breaking absorbs energy (aH=+ve] while bond formation reféases it (aH = -ve)
and their difference will decide the overall sign of AH. That ls whether a reaction is exothermic or endothermic
Is determined by the net change,

overall reaction s exothermic If the energy released in making of new bonds Is greater than that abserbed in
bond breaking, The reverse Is true for an endothermic reaction,

Example:

Fermation of Water: *

In the formation of water, energy Is needed 1o break the H=H bonds (of hydrogen molecules) and the O=0
bonds {of oxygen molecules) while energy Is released in the making of the H-0 bonds (of water). However, the
net reaction is exothermie because more energy Is released In forming the H-0 bonds than is absorbed in
breakling the H—H and O=0 bonds (Flgure 6.5). Thus,

ZH‘ili 1‘“::.1—F2H‘a“} ﬂ.H, ==y

le Problem 6.1
With the help of the following bond energy data; ealculate the enthalpy change of the follawing reaction:
E,. =436 kimol™; E,_, = 495 kimol™ and E,_, =463 kd mol™

Hyg +1/ 20,1, —H,0,,,
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“ |93 2ar 8] 2aen)]
AR = =25 U mo
MEASUREMENT OF ENTHALPY CHANGE OF A REACTION
The amaunt of heat evolved or absarbed duiing a physkeal or chemizal
change can be measured by an instiument called calorimeter, which @ Rack Your Mind!
it b b,

generally measures the change In temperatuie duning the process. Al
Its stimplest, o calormeter conslats of an insulabed vessel a stirer and A
thermometer. There are varous types of calanmeters but hee we will
descnbe only "Glass Calonimete”
Calprimetry relies on the fact that it takes 4.18 1 ol energy 1o Increase
temperatore of 1 g of the water by 1"C The amoumt of heat eneigy teatined 1o rahe the temperature ol
substance of mass 1 kg through 1K (or 17C) s known av speaidic heat capacity, ¢ of the liquid. 5o the specilic hpy
capacity of wateris 41808 K tor g ey
The energy is translerred as hoat and s shown by relationship

qQresms il

8 11 g = e AT, what does e’ represenyy
Ay Coaenliataan
B S T Beal apacity
£ Cetiant
[ RTET A ]

Whire,

0 = heat Wansterred in Jaules
W= mass of waler/solulian bn grams
€ = specilic heat of water = 4 184 )/g °C
AT s the temperature change in °C
Here,
(AT=Ti=T)
2 Glass Calorimotor
A glass calonimeter is suitable for measuring heal-llaw for reactions In selutions.
Constructlon:
it consists of a beaker, a sticrer, a thermoameter and a loose-fitting lid 1o keep the contents at atmosphen

pressune as shown in Figure 63 The oulside walls of the calorimeter (beaker] are Insulated using conan
wool to minimize the exchange of heat with the surrounding alr.

Process: SIIFrr:r.‘ T:hmm-
The reaction 15 carrled oul Inside the beaker and the heat  pyoechlane

evolved or absorbed Is measured by the temperature change "";‘._;.;:‘:;:"' T =
Since the pressure Inside the calorimeter I constant, (he E
temperatune measuremant makes (¢ possible to calculate the et !
enthalpy change AH during the reaction

Calculatlon of AH:

AH is calculated as follows

As all the heat evolved during the reaction remalns within the Figure: 'ﬁlan':;r::i;ﬂnrlﬂm
alorimeter and absorbed by water, so enthalpy change of reactlons "
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I} q=m_,,, *t_,,. 4T

(I} Convertinto b by diiding with 1000

(i) Cattwlate AH for the reaction using relaton

The solutians we are using here are 5o dilute 1hal almast all of their mass conssts of water, therelore, we

can simply use specilic heat capacity of water. Such a calanimeter could be used 1o measure the heat of

pautralization (AH])

Limitation of glass calorimeter it cannol be wied lor reactions involving gases which would escape from

the vessel, nor it would be appropriate lor reactians in which the products reach high temparatures
Problem 6.

Neutralization of 100 em’ of 0.5 mal dm™ NaOH at 25°C with 100em’ of 0.5 mol dm™ HCL at 25°C ralsed
the temperature of the reacllon mixiure to 28.5%C. Find the enthalpy of neutralization. Specific heat of water
= 42087 K
salution:
pensily of W0 s around 1 gem ' 1o 1atal velume ol solution which is 200 em' = 200 g Rise in temparature,
AT = 285-250=35C=35K
qQ=m=c= AT
=00« 432x35=2930)
=204K
= calculation of n {Ne. of moles of H

- amount of total heat evolved,

formed

Lsing mole = Conceniration {mal/dm’]= Volume{dm')
Mcr) = Piase ®05=100/1000 005 mol

Using equation, Number of molas of water formed, My = 005 mal

Heat evolved in the formation of 0 05 mole of water, g=-2 94 kJ

4H, = q/n=-2 94 k/0.05 mol
S0, Enihalpy of neutralitation, AH, = -58 8 kK mol '

o — T — o — — i — o — — . — — e — ——

! fd| QUICK CHECK 63
1 =]

i Caleulate 8H) of the reactlon of 50cm'of HNO, with S0em’of 1.5mel/dm' of NaOH. The change in

; tlemperature ls 4°C
| Gliven Data:
Valume ol HNO,: 50 em® (0 050 dm')
Volume of NaDH: 50 cm' (0,050 dm')
Concentration of NaOH: 1.5 mal/dm®
Temperature change (AT): +4°C
Assumptions:
= HNOy ls a strong acid (fully dissociates)
*  NaOH s a strang base (lully dissociates)
= The density of the solution = 1 gfem" (50 total mass = 100 g)
= Speclfic heat capacity [c) of the solution = 4 18 J/g°C (same as water)
Step 1: Determine Umiting Reagent (Moles of H* and OH)

»  Both HNOy and NaOH are manoprotlc, 5o moles of H* = moles of OH"

» Moles of NaOH (and thus OH):

ANaOH=CxV = 15 molfdm'x0050dm’' = 0075 moles

Step 2: Calculate Heat Released (g)

g=mucx AT
+ Total mass [m): 50em'+S0cm’ = 100 ¢
« £d18)/gC
«  AT:4%C

- — . — i — ————— T — i — i — i — -

- = =y - — A ——— N — —

_0=100pg=x418 Mg "Cx4°C =_1.E'_i_"2_£= 1672k
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| $tep 3: Caleulate aH; (per mole of H,0 formed)

e Moles ol HyO lormed = moles of OH reacted = 0.075 mol
=AM s heat released per mole

o -q_ -1672K
[ e L TN ol
B w2 s e+ 2229 W
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ENTHALPY CHANGE AND CALORIE CONTENT OF FOOD

T

We will discuss foods as fuels. When food is digested, the chemical encrgy stored in the food (also called q)y,
content) is released as heat energy. In other werds, digestion of food releases same amount of energy as iy
burned outside the body, So, the overall enthalpy of combustion is the same as the heat of combustion, whyg,
can be determined In a calorimeter (typically in a bomb calorimeter)
Calorle Content: The calorie content of food is & measure of the energy ‘released’ when the food Is complete,
conwumed In the body
Unlt: This energy 18 Wyplcally expressed In units of kilocalories (k cal) or joutes (1),
= Rolation bobw nthalpy Change and Calorle Contont
The enthalpy of combustion of a food (AH,) Is the calorie content of that food when It Is translatey o,
converted inte kilocalories per gram,
Look at the energy provided from glucose,
CiHy,0, ) ¢ 60, —>6CO,, +6H,0,  AH'=-2803 kimal™*
The calorie content of glucose can be calculated as follows: First, we find 4H per gram of glucose, Moy,
mass of glucose Is 180 g mal !, Above equation shows that;
mol180.0 g} of glucose burns lo produce encrgy = 2503 kJ
803k /g
180 g f mol
= 1557 K/g

1.0 g ol Glucose =

Using the relation,
AH{KI/g) = —4.184x calorie content

AH{ 1/g)

Calorl b T )

alotle comlent = IR (H7hea)
1557 ki/g

2 —— = =3 T2 kea]
2184 W/kcal) fe
Energy Expandilure

Encrgy Inlake

£

MNegalwe Ensrgy Balance
Remember, the calorle content we take from food must be balanced by working,
exercliing and doing positive activilles. Otherwlse, our bodles will have Imbatanced
growth and malntenance
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HESS'S LAW OF HEAT SUMMATION

gcHO

—e—.

_ jEaercie L0}

-E"""';TE:_: nd explaln Hess' law, Give Its two applications.

-ﬁ'r';?i'.'n._u_u!' thermodynamics is actually a manifestation of law of conservation of energy, which states, “Energy
can nelther be created nor destroyed, but can be converted from one form to another.”

germain Henri Hess applied the law of conservation of energy to enthalpy changes There are many ro actions,
far which AH cannot be measured direcily by calonmetne method For example, tetrachloremetnane CC/,
cannot be prepared directly by combining caibon and chlorine. Hess's Law helps ui calculating the enthalpy
¢hanges for such reactlons or processes.

statement:

=The total enthalpy change In a chemical reactlon Is Independent of the

te by which the chemical reaction takes place as long as the Initial and
final conditions are the same."

E,Flanaﬂnm

Hess's law can be illustrated by drawing enthalpy cycles, often called
energy cycles or Hess cycles, Let A be converted to ' 8 ' directly In a single
step, which Is the direct route; or In a series of two or three steps
designated as indirect route 1 and Indirect route 2 respectively as shown in

figure. The products formed in these routes (M, N and X, ¥, Z) are called —
reaction Intermediates.
Then according to Hess' law, Figure: Hess' cycle

for the Indirect route 1, we can write: AH, = AH, + AH,
for the Indirect route 2, we can write: AH, = &H, + AH, + AH,
gelow are few examples of it,

(i) Caleulating Enthalpy of Formation (AH]) using Enthalpy of Combustion (AH?)

Sample Problem 6.3
Calculate the enthalpy change of formatien of CO using Hess cycle with the help of following combustion data.

Selution:
Clppnne + Oy —COy BH=-393.5 K mol '
Cﬂm *%“:m_"mﬂ-: AH, = =283 1" mol 1 /——\
Cioaannn *% Oy —C0;,  &H, =7 C+0 i co
solution: Applying Hess's law, we can wrile AH,  aH.
aH = AH, + 4H, C+0
AH, ==3835-(-283)
==110.5 k) mol™*

(I} Calculating Enthalpy Change of Reaction (AH?) using Enthalples of formation (&M}
Sample Problem 6.4

Calculate the enthalpy change of reaction of
CH, +HCL—3 CM,CE + 8,

Uslng Hess cycle with the help of following combustion data.
Solutlan:

B e L

| CH,,+ HoL, — o CHCL, =

AH} of CH, = +52.2K) mol’* '; i LA

A} of HC! = 92,3k mal™ E

AH] of CH,C8 = —109%) mol™ E A e (b
»a0g-fes22ef-ma)] L ETENLTIOG e

= 689K mal
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| cateulate the standard enthalpy change for the formation of methane (8H; :

i BC +3Hy—CHyy  BH=?

= =1
in...- standard enthalples of combustion of Gy, Hy,) are ~394iImol ',~286kimal™ and enthay, ‘

! formation of CH,, —3267kimal™ respectively.

1 Glven Data:

| Combustion reactions and enthalples:
TR i AK =394 krmol™ (per mole of C)
o Hyy+ 11204, —+H0, AHZ=-286 1 mol™" (per mole ofH)

|
i
! o CHy+15/205, —»6C0,, +3H,0,,  AH=—3267 k) mol (per mole of C;H, )
| Target formatlon reaction:

i

I

6Ci +3Hy, Gy,  AH=?

! Step 1: Apply Hess's Law
! The enthalpy of formation (AH] | of benzene can be calculated using the combustion enthalples of the
1 reactants and products:
: AH;=T AK (reactanis) - L AH; (products)
I Here:

* Reactants: 6, + aHm

* Product: II!;,IH“i i

So:

AH= [5 xAH(C)+3x aH:[H,]] -[1: al-l:{!!;*":l]

AH}={6(-394)+ 3(~286)) - [-3267)
AH]=[-2364 —B58)+ 3267
AHS ==3222+3267

L]
|
i
|
(]
I
!
| Step 2: Plug In the Values
i
|
n
|
' m{: +45 kmol™®

o e e o —  — o — — - — i — — i — —

i) caleulating Enthalpy Change of Formatlon of a substance (aH]) using Enthalpy of cum'huﬂlnn

and Enthalples of Formatlon of other substances
Sample Problam 6.5
Propane {C,H.m:l burns In axygen according to the equation:

C’HF[I] + 5u,m — 3'-'%1 -}‘IH,,I:I{‘:I

Chapter 6 ) Chemlcal gy
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i
|
|
|
I ]
‘.
|
I
]
|
1
a
1
|

When 14.64 g of propane I5 burned in an excess of oxygen In a calorimeter at 25°C and 1 atm pressun,
678.6 W of heat is evolved. Calculate the standasd enthalpy of formation of propane, The standwi
enthalples of formation of CO,,, and H,0,, are ~393.51 ki mol™ and ~241.82 ki mol™ respectively,
Solution:

The first step is to find the enthalpy change when one maole of propane is burned.

Molar mass of propane, C,H, =3(12.011)+8(1.0078) =36.033+ 8,0632 = 44,096

Ho. of moles of propane =14.64 /44,096 =0,3320 mol

50, 0.3320 mol propane evalves heat =678.6 W

1.0 mol propane evolves heat =678.6/0.3320 kd mal™ =-2044 k) mol™!
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according to Hess's law:

8K, = [384;(€0, ) +4x 846 (1,0) | -[ 14 ()1, ) 5+ (0, )] -2044
= [3x(-393.51)+ 4x(-261 82) ][0 (C 4, ) + 52(0) ]
Taking the heat of combustion of O, , to be zero and solving this equation for AH;(C,H,) gives.
) mﬂc,ﬂ,} = ~104 kJ mol*

- —— — — — ———— — - — S — i — S — S

U QUICK CHECK 6.5

praw enthalpy cycle of sample problem 6.5 according 1o Hess's law Lo validate above calculation,
salutlon:

3C, +4H,,

IcOo,, +4HO,

—— — . ——— T — ot 55

!
I
i
I
i
I
i
; I
|
|
|
¥
|
!

o — S G A S S S S S A S S — - —

||.r:| c:lr.ulaltng Enthalpy Change of Reactions (AH,) using Bond Energies

A special case of Hess's law involves the use of bond energles to estimate heats of reaction for gas-
phase reactions.

First Step:
In the first step, the bonds in all the reactant melecules are broken to give free atoms in the gas phase. The

enthalpy change for this step can be calculated by adding the bend enthalpies from Table.
Second Step:

In the second step, the product molecules are farmed. The enthalpy change for this step can be estimated
from the bond enthalpies of Table, which must now be taken with minus sign because the bonds are being
formed Instead of broken, In general, the heat of reaction for any gaseous chemical reaction can be
calculated from average B.E.'s by use of the rauawrng version of Hess's law:

Reaclanls ——v--—-} Products

=
Aloms '
Figure: Hess Cycle; showling the relationship between B.E'sand AH,.= ¥ nE, - ¥ nk,

Sample problem 6.6
In the case of formatlon of Hl:tm from H,{I] and E.!“_”, use B.E. data from Table 6.1 to estimate &H lor the
reactlon:
H,m "'u::_.: —rlHr.!m
And Mnally calculate the heat of formation of HCL

We replace this reaction by a hypothetical two-step process, The bonds in all the reactant malecules are first
broken, and then the atoms are comblned to make the products,
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First Step: =
My # €ty —r2Me 261, o000 mﬁm—mf'-“..._‘
By =436 W mal ™ E:";_l‘ “22 W mol* A, s|+nrond
ki
E, = e
= [ ﬂl]"[l"m‘\m mni] -0 0-9 AH, =(-B62k,
= 436 h+ 242 kI
=478 K H, & Ct, molaculas
Second Step: AL =184k S °
I, +2CL, ——sIHCL,) 2HCLma
- -4 Hass's Cycle; showing the relationship batuy
Eypp =431 kI mol N and b "

E, =22 molx431 kI maol* = 862 k
The standard enthalpy change In the reaction Is obtained by the following formula:
A =36 - YE,
4K =678 -862
BH' =184 W for2 mol of HCF)
Hyy + CL, ‘d—l':nn- 2HCL,,
2H,, +2C :,,,,,«--')I

Enthalpy of farmation of HCt= =184/2 ki= ~92 kJ mol ™

—|-|-_l|- ———— i — - — i — e — i — ——
—

M) Quick cHECK 6.6
a)  The resition for the Haber process Is: Nygg) +3Hy) = 2NHy

The relevant bond energles are: £, =9345kimol™, E,_,, = 436kImol™, E,_, =391kimol™ ,
l:.t!:ulltu the enthalpy change of the ﬂlldl'.l't reacllan.
Solution:
To calculate the enthalpy change (&H) for the Haber process reaction:
Mgy # 3t —+ TNHu)
We'll use bond enthalples (bond energles) to determine the energy changes associated with breaking
and forming bonds,
Step 1: ldentlfy Bonds Broken and Formed
Bonds Broken (Endothermle, +AH):

= 1NsN triple bond (In N;):
= 3 H-H single bonds {In Ha):
Bonds Formed (Exothermic, =AH):
* B N-H single bonds (In 2MH), since each NH; has 3 N-H bonds):

6 AH=6x(-3911d mol™*) =-2346 ki mol™!
Step 2: Caleulate Total Enthalpy Change
AH,,ren=Energy absorbed(bonds broken) + Energyreleased (bonds formed)
AH oz, = (+945+1308) + (-2346)
AH,y 00, ¥2253-2346

AH, 0 ==93 K mol™! {Fnr 2 moles of Nl-f-_.}and For 1mole= =—46 kmol™

i — i — — — — — o — — T —— ——— " — -

AH=+845 k) mol™

I
L]
|
L]
|
1]
|
L]
|
L]
I
L]
|
L]
I
]
I
i 3x8H=3x(+436 K mor™ ) = +1308 K mol"*
L]

I

]

|

]

]
|
]
|
]
|
|
|
I
|
]
|
]
|
I
|
1
|
]
|
]
|
]
|
]
|
]
~93k/ mol |
2 i

—

L]
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cuI:uhtl.- the enthalpy ¢hange for the | following reaction
CIHIGH:H + SD,“] - If.'ﬂ,m * JHIGM

The bend energles of varlous bonds [In kimel™ ) are glven below:
Ec.c = 4347, E, = 410, E._, =+336, £, = +496, E ., = +B05, E, ., = +165

§GH pLAR Br CHEMISTRY (11

n Data:
I 1he enthalpy change (8H] for the combustion of ethanal (CHyOH), we use bond energies
sqep 1: Donds Droken (Reactants)
1. CHyOH (Liguld Ethanal);
1C=C: 347 kifmol
5C=H: 5% 410 = 2050 kJ/mol
1 C-0: 336 k/mol
1 0=H: 465 kifmal
Total for CaHyOH = 347 + 2050 + 336 + 465 = 3198 kJ/mol
7. 30y |Gaseous Oxygen):
* 30=0:3ma9G= MIIE!LIfmnI
Total Bonds Broken = 3198 + 1488 = 4686 ki/mol
step 2: Bonds Formed (Products)
1. 2C0,(Gaseous):
4 C=0: 4 = 805 = 3220 W/mal
2. 3H,0 (Liquid):
*  60-H: 6% 465 = 2790 ki/mal
Total Bonds Formed = 3220 + 2790 = 6010 k/mol
step 3: Calculate AH
_AH = Energy Absorbed {Bonds Broken)-Energy Released (Bonds Formed)
d.H =4686—=6010= -Hiﬂlr.l.-’mnl

L ]

e s e s e e e e e e e  —  —

|
!
1
|
]
|
L]
l
I
|
:
|
u
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ENERGETICS OF SOLUTION

'r_h._prums of dissalving a solute In a solvent s called dissolution. It Is assumed that the formation of a
solutlan, takes place In three steps.

I Overcoming the intermolecular forces In the salvent to make room for the solute (expanding the salvent),
Il Breaking up the solute Into Individual components (expanding the solute).

1. Allowing the solute and solvent te Interact to form the solutlon

In this process heat is either given out or taken In. Standard enthalpy change of solution Is used to describe it
Standard enthalpy Change of Solution (&, )

“The standard enthalpy of solution Is the amount of heat absorbed or evolved when one mole of 2
substance Is dissolved In a solvent to give an Infinitely dilute solution.”

It Is denoted by AHL, . It may be exothermic or endothermic. The enthalpy changes of solution of sodium
carbonate and ammaonlum chloride are descrlbed by the equations below:

N2,C0yy +aq—2Naf,, +C0; (,y  BHY; =25k mol™
NH Gl +aa—sNH] (i 4Cl ) A, =+16.2 W mol™
In Table are given values of heats of solutlon of different lonle sollds In water at Infinite dilutlon, The
magnitude of heat of solution gives information regarding the strength of Intermolecular forces of

attractlon between components which mix to form a solution.
An lonle compound conslsts of oppositely charged lons, held together by strong electrostatic forces.

Factors Governlng Process of Dilutlon:
Two lactors govern the process of dissolulion
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Table: Heats of solution of some Important fonle solids [ kImal™ )

Substance | Heat of Solutlon
Nact 4.98
KCL 178
EBr 19.9
Kl 214
NH,CI 162
NH,NO, %60

I. Hydratlon energy (accounts for the attraction of solute lons with water molecules)
II. Lattlee energy (contrals the breaking of the lonlc compaunds)

Hydration

When lonlc compounds are dissolved In water, they are
dissoclated Into lons, which are then suirounded by
water molecules. "The process In which water
maolecules surround and Interact with the solute lons Is
called hydratlon." The forces are created between
water molecules and the lons which are called lon
dipale forces as shown In Figure.

And as a result, all the lons In agueous solution are sald
to be hydrated. The energy of altraction due 1o an lon-
dipole force Is known as enthalpy of hydration, defined
as follows:

Enthalpy of Hydratlon:

"The enthalpy change Involved when ane mole of a solute Is dissolved In excess of water to mgly
Infinltely dilute solution under standard conditions Is called enthalpy of hydration.”

Itis denoted by AH, . This energy ls always released as itis formation of lon-dipale bond.

Factors Affecting the magnitude of Hydratlon Energy

The heat of hydration depends on lollowing factors:

. Charge on the lon L. Size of the ion

We usually use a combined term for these two facters Le.,
"tharge density" which Is defined as charge per unit area. If
greater chorge Is present on smaller lon, the charge density is
farge and vice versa, And large value of charge density means

) <® <1
that lons are strongly attracted by water molecules during the @ @ @
process af hydration, thereby Increasing the hydration energy

values. For example, enthalpies of hydration of the given lons are in the order:
On the same basis we can explain the hydration energy of anions

Figure: Dissolution of an lonlc compound
the process ol hydration,

(Exercise LG4

What Is latilce energy? How does Born-Haber cycle help to calculate the lattice energy of NaCl?

Lattico Enorgy (aH,)

“The lattice energy of an lonle crystal Is the enthalpy change Involved when one mole of the lonk
compound Is formed from goseous lons under stondord conditions.™

Naj,y +CLp,y —»NaCly, A, ==787 W mol™!
Factors Affecting the magnitude of Lattlce Energy

The lattice energy depends on following factors;
I. Charge on the lon Il Size of the lon

sCHOLAR & CHEMISTRY (11%)
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Lattlce energy and size of the lons

figure show the values of lattice energies of alkall metal
palides. 1t Is clear from the data that lattice energy decreases
with the Increase in the size of the cationfanion. With the
jncrease in the siee of elther cations or anlens, the packing of
oppositely charged lons become less and less tight

Lattlee Energy and Charge on the lons

Lattlee energles Is directly propartional to the charges on
the lons Le., grealer the magnliude of the charge on an lon,
greater Is s [attlce energy and vice versa.

Explanatlon

tet us try to understand this fact by comparing lthium
fluoride, LIF, with magnesium oxlde, MgO.

These compounds have the same arrangement of fons In *
thelr lattlce structure and comparative sizes of cations and o
anlons are same In both compounds.,

The major physical difference between LIF and MgO Is the
janic charge, which affects the laltlce energy.

Magnesium oxide 8., o =-3923 kimol™ Is a greater than lithium fluoride AH, ., =-1049 kI mol™ .

;

:

l-:ﬂnm::ulnnfm'
g § §
28= £
B O

&
g

© ® ® @

Figurs' Lotlice anergies of alkal melal haldas

The doubly-charged Mg'" and 0 long In MEgO attracl each other more strongly than the singly-charged
jens of the same size in LiF. For lons of similar size, the grealer the lonic charge, the higher the charge
density. This results In stronger lonic bonds being formed,

solubllity Trends of Group Il Hydroxldes and Sulphates

AH;, depends an both lattice energy and hydration enthalpy.

» Look at the solubility trends of group Il metal hydroxides, Both hydration energy and lattice enthalpy
decreases down the group due to decrease in charge density of group 2 cations. But it is observed that
the lattice energy decreases more rapidly in the series Mg(OH), CalOH),,Sr(OH), and BalOH), than
does the energy of hydration In ions

« Mg',Ca" 57" and Ba'". For this reason, the lattice energy factor dominates this solubllity trend.
4K, becomes more exothermic so solubility increase.

« The solubllity trends of group Il metal sulphates: As the 50, Is much farger than the OH, the
decrease In lattlce energy golng through the series of sulphates from MgSO, to BaS0D, is less, but the
energy of hydration of the catlon decreases by a greater amount. Now the energy of hydration
dominates the solubllity trend, and the solubility decreases from MgS0, to BasO,. AH], becomes
more endathermic so solubllity Increase.

Calculating Enthalpy Change of Solution (AH..)
We can calculate the enthalpy change of solution or the enthalpy change of hydration by constructing an
enthalpy cycle and using Hess's hw {Figure).

l_ :‘1 Qe enomy =T TTTEE

Figure: Energy cytle of formatlon nl‘:n agqueous lblutlnn of an lonlc solid using Hess's law
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. = Nal e e” = O
We can see frem tha enlhalpy oycie that L] = ]
> -JI{_,-J"I:_. ST = D A o T = N o
We Can use Tha energy Oycle 10 calcudate e,
I blem 6.6 JREPPI Apre— . S S
Determine the enthalpy change of selution [AML, of iedium fMlucride NaF] using the following data:
e
Lattice energy of sodium Muoride (NaF) = -902kmael™ ’ —
ok Syl =T
Heat of hydration of sodium lons (Na*) = —406 kimol™ e B .‘:;;EEWHW*
Heat of hydration of flucride lons (F)= -506kimol™ e s SEACTATS =
Solution: .
Step 1: Draw the enthalpy cycle S
CTRaER I R LN i L e

Step 2: Rearrange the equation and substitute The values 1o fmd 4
AN, « AN, - AR,
ML o (408}« -508) - |-202)
AR, [NaF] = -10 0 mai*
BORN-HABER CYCLE

*  Ibis impossible to determune the LIS enegy oF 3 compound by 3 ungle Sredt eaxpenment
*  Wecan however, calculate the value for 35, wiing several expersmental data and an enerpy o
called the Born-Haber cycle
= Born-Haber oyche i3 3 spoicaton of =ea s law
#  Gleulation of Lartice Energy of NaCL: :
Consider calculation of lattice enerpy of sodum Chiprds wung Heas's bw and Born-Haber oycle
8¢ SR

e

ang,

RIS

Fipure. Enthaloy oyce of woom chionde
where,
AHY : Standyrd enthalpy of formaton of Nall can Be meaiored comvenently in 2 calenmeler,
4H, : Total energy invehed i changmg 0CwS 3n2 thiorme from thew standard phyiical states h.
Baseoul lons. Apphying Mess s 3w 08 The 200w Po8Ty ST we Can write

aM, - 8 =8

The above energy trangle has Been extended 10 1how the varogs stages mvolved in finding AH,. Te
complele energy oycle u called the Born-Raber cycie 353 1 i presested in Figure

|
—
|
|

Figure. Bom Maber cycie of sodium chioride [not sccorting to scake)

= Caleculation of AH,

From above Oylle we have, AW, - m_ul '4'1-“.. "a'"ﬂ EI.-,';H"‘
Uuing, AHC, = AH0 -84,

=

&M, = -TET W malt
I 67
Caigutate the heat of formation of sodium Muonde, which cryslices in the sodium chionde Bttce. The heat of
stomization of Na,,, & i/ mol, haf the bond enerpy of F_ |\ Is 791/ mol, the ionization enengy of sodium atoms
4341 [ mal, the electron aMfinity of fluonine atorms 5 ~3281 [ mol , and the lattics energy & 3390 / mad |
sohution: Values are gaven for all the quanttes in the BorHaber o, 50 we 230 aoply Mess's aw
A = AN, - A -G - BN o - AN
= [-538. 109 - 388 - 79 - 325 )iy mal?
\ = -585 1 mal

e e - —— i — T — T — i — - ———— . —

QUICK CHECK 6.7
3} Draw Borm-Maber cycle for tample problem 6.7,

] L]
| |
i L]
i : :
I Nap s e F, |
]
i “ﬂ#ui""‘u-u o i
i Sag =@ etDE AS S = TR o i
iy

i aM ot s L e . i
i Mg =1TE, ;
M i— ]
| AN ot Nag f= = 109 o ~a 1
i — AH_NaF; =-230 ;
L]

I AM, of NarF e T me Y i
] L]
| Y |
1 -

R S RS .
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B) Calculate the heat of formation of lithium fluaride. The heat of atomization of U, Is 161 Hf_mm“‘i
the bond energy ol F,m s 79 kifmol, the lonltation energy of lithium atoms Is 520 h},"an '-'l'q'

electron affinity of fluorine atoms s —328 kfmel, and the lattice energy Is 1107 k) /mol.
Ans. Glven Data:
1. Heat of atomization of Li(s):

- ——

L)
!
h‘,,—rle AH,,.. =+161k)/mal The Barm Cydle for LF T —— !
2. Half the bond energy of Fa: U +F, |
1/2,, =, AHy, ==79K/mol 4 l_m " .
(Full band energy of Fx = 158 kifmal, but we oL Uysr, |
use halfl since the eycle requires 1 F atom.) U+F, —— |
3. lonlzatien energy (IE) of Lijy: TR '
Ll.'r 12 F" =< !
4, Electron afflnity (EA) of Fy: 161k 107 klimad |
Fg+e —F, EA=-328W/mol L+ 12 Fy =
5. Lattice energy (U) of LIFy: =BT5 klmol
Ly =R —* LRy, AH,, =-1107k)/mol LF, 1 X

1
|

I

|

I

Enthalpy of Formation: |

Uy, + 1/2R, — LR, AH =7 i

We know that AKC, = AH? = AHx I

AH, =AH, +AH -4-4!;H,,‘ﬁI +11Hq“ i

AH, =161+ 520+79-328 !
=432Kmal™ I

| So, AH =AM +AH, =-1107+432=-675 k/mal i

—— T ———— i — o —— " ———— — —— ——— " ———

ENTROPY

|
1
|
|
|
L]
|
]
|
i
E Ly =L +e"  1E=<5201 [ mel
|
|
i
|
|
|
|
|

Entropy Is a measure of the number of ways energy can be distributed within a system it“ptdﬁﬂtmnh:g,—
# Important Points:

= When the energy is distributed In mare ways, a system Is more stable.

= Entropy s a measure of the mndomness or disorder of a system.

= The higher the randomness or disorder, the greater the entropy of the system.

# The system becomes energetically more stable when it becomes more disorderad.

=] Enh’:nﬂ, Diffusion and Number of Ways of Arrangement
We can show that the melecules In 3 vapour diffuse Paetion

by chance by thinking about the probability of [—m @_@ ]

finding them at one place at any one Ume. Consider
pas |ar A pas jar @

the simplified mode! shown In Figure belaw.
Flgure: DIlfusion and number of possible arrangemaents
There are B different ways for these molecules to arrange themselves In two Jars by diffusion frem JarAly
Jar Bthatis:
= Thisis calculated as under
* Numberof moleculesinA=3
+ Mumberoflars=2
» Number of possible arrangements=2'=8
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sumilatly, if there were S molecules inftially in jar A, the passible wap of srangement willbe 2°, 16 312
and if there were 100 molecules, the probability will be 2" A general formula = can be wntten lor Lhe
catculation of probability, where x is the number of places and y i3 the number of paricles 1o be arranged
piffusian happens becanse there is a large number of woags of arranging the maoleciles The concept of the
aumber of ways' of armangement either particles ar the eacrgy within theie Larticles helps o “dict
o hether it can happen or not.

» Comparison of Entro Valucs
entropies of different substances can be compared based on the number ol paticies, physical progsies
and state
cmall number of pariicles means low entropy and vice versa, for exampls CaCO, hat higher 37 Jard
antropy (92.91K " mol™) than Ca0{39 71k " mal '} This is because the number of pasuble arrangements
s lower when the number of particles is smaller
The entropy. of substances having similar chemical nature is
dictated by their hardness Harder substance: have lower
entropy than solter ones. Diamond has lower entropy than
graphite because It is much harder Stronger forces result in
jlimited wibrations i harder substances which decrease the
prabability of disorder. A substance has lower entropy in solid
state than In liquid and gaseous states. The entropy of ice near
its meling pomt s ABOIK 'mal !, for

63 9% 'mol™; whereas water vapour just above the boiling
point is 18871 ' mol ™

o ——— — e  ————

sC

waler, il W pugglutien ef sugar in tea Incredves the

entropy of bath the selule and salvent

- o — — — — — —

i [Ed| quick cHEcK 6.8

| Explain the difference in the entropy of each of the following palrs of substances In terms of their states
; and structures.

[ BryyS" =15L6JK™ mol™ and I,,s° =116.8JK* mol™*
1

Ans. The difference in entropy (45} belween Bry|l) and I[s] can be calculated and explained as foligws
s given: S°[onll)] = 151.6 J K™ mol*
S*[1:fs)) = 116.8 ) k™" mal*!
Entropy DIfference Caleulation:
5 = 5" [Bra(1)] = 5"[1(s)]
=151.6—-1168
= +34.8) K" mal™
Explanation of the Difference:
1. State Effect (Major Contribution):

|
'
I
i
|
i
|
'
| = Brifl}is a liguid —» malecules have translational and rotational frecdom

:. *  Iyfs) s a solid — molecules are fixed in a crystal latuce

H *  Ligulds always have higher entropy than solids for the same substance

| 2. Molecular Mass Effect (Minor Contribution):

I & 1y (254 gfmol) I5 heavier than Bry (160 gfmol) = would normally give I, ligher entropy
| *  However, the state difference (liquid vs solid) dominates here

i 3. Structural Considerations:

i * Both are simple diatomic molecules

| *  Bry(l) has weaker London dispersion forces than Iy(s)

i *  Less energy needed to disrupt arder in Bry(l)

| In short, The +34.8 J K™ mal® difference shows that Bry(l) is significantly mare disordered thae is), |
J primarily because liquids have greater molecular freedom than tolids, outwelghing lodine's grevter !
! molecular mass, l

T — . ——— . — — i — U — T — i — i — . —— — i —
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!n. Hy)S” =130.6)K " mol™ and CH,\s° =186.25K" mol™ =

| Ans. The standard molar entropy (57) values are:

¥ o Halgk: 1306 ) K" mal™

| «  CHalg): 186.2 1K mal™*

i CH.[g) has higher entropy due to:

! 1. Molecular Complexity

I bl Hll.l}*

. = Simple diatomic melecule (2 atams).

= DOnly translabonal and rotational motion contribute o entropy.

|

i = CHalg):

| = Tetrahedral struciure |5 atnrlﬁl

i *  Maore vibrational modes and rotational freedom —» higher entropy.

| 2. Degrees of Freedom

i = Hilgh

! *  3translational ¢ 2 rotational = 5 degrees of freedom, .

= CHalg): 3

I « 3 translational + 3 rotational + 9 vibrational = 15 degrees of freedom,
3 Mass & Size

|

' s CHy (M= 16g/mol) is heamr than Hy iu = 7 gfmol), leading to more energy states ang

highes

| entropy.

' Calculation of Entropy Difference

| 45" = 5(CH.) - 5°([Hy) = 166.2-130,6 = 55,61 K 'mol™

t Conclusion

! CH.[g) has higher entropy because:

| = More atoms —» more vibrational/rotational modes,

i & Larger mass — more microstates.,

1T Mg, S° =76.00K " mol™ and Nay, §° <5120k mol™*

i Ans., Substances:

i +«  Hg(l) (liquid mercury), 5* = 76,00 J-K " mol™

I = Mals) (solid sodium), 5* = 51.20 J-K-"mal™

s Explanation:

|
i
|
)
|
(]
|
i
I
]
|
L]
|
L]
I
L]
|
]
|
L]
|
L]
I

Entropy (5%) 15 a measure of disorder or randomness in a system: The higher the entropy, the oy |

disordered the system.

= Hgll] is a liquid, meaning its atoms are more free to move and have grester positional and kinege |

randomness than in a sohid.

= MNals) is a solid, where atoms are arranged in a Tixed, orderly lattice with limited movermnent, hene

lower entropy.
. 50,,,5" =248.1K " mol™ and SO, 5" =95.60)K™" mol™

Given Data:

« S*of SD;"” = 248.1 JK™ mol™

e 5%0f 50y = 95.60 K™ mol™

Entropy Difference (85):

B = S {50q) - 5{50uy)

AS = 2481 ) K" mol™ - 95,60 1 K™ mel™

A5=+152.5 1 K mol™

Positive A5 confirms 50;,, has higher disorder than S0y,

Reasons: }

= Gaseous 50; has more translationalfratational freedom than liquld 50
. anulds have :.'Irnrm-rmtznnnatcuhr forces, reducing malecular randomness.

——— - — —— - — e —

|
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2 n;mgg Changes In Reactions

in a chemical reagtion, if we compare the entropies of 1he reactants and products, we can Uy 1o explain

the magnitude of the entropy change and whether or nof if increases or decreases

fules about change in Entropy of Reaction:

Thie followmg rules must be followed (o know-aboul the change i enlropy of a reattan

« When a solid is comverted 1o a ligud or a gas in the progduct, the entropy chinge 8 postee

« ([ no. of maies in the products are more U entropy change is positie

s I thare is a change in the number of gasecus molecules i a reaction, due 1o high values of entrapy are
assocrated with gatas

& The more gas malecules, there are, the greater 14 the number of ways of arcanging them and the
higher the entropy

For example:

CalO,, —Lal < L0,

Thiere i% an increase in entropy af the above system hetaus-r.- the gas is belng produced (Rgh entropy) but
{he reactant, calciumn carbonate, is a sohd [low entrepy]. Such reactions are © ponlansous
Ale, consider the reaction

Oy *ARD,,,+0p,

we should expect an increase of entrapy of the system beciuse there are a greater number of mo'es of gas
mofecules in the products (5 molecules) than in the reactants {2 molecules) This is also a spontanecus process.
The sign of Entropy Change and Spontaneity of a Process:

The entropy of a substance is always positive, however, when the entropy changes it may have positive or
negative value

A positive entropy change value (85% = «<vo] means a spanlansous process

A negative entropy change value [A5" = —vé) implies mare ardered molecules and a decrease in disorder
For some resctions, however, the entropy change fails to tell aboul the spontaneity of the reaction and we
need another guaniity called free energy.

Calculating the Entropy Change of the System [Reaction)

in order to calculate the entropy, change of the system we use the relationship:
AS® :su —gt
Sawiern et TIEree

Let us calculate the entropy change of the system for the reaction:

2, «0,, »2Ca0,,

The standard entropy values ore:

!:_‘L_M! = 41404%™ mol™
Sy} = $1401K" mol™
- y- - -
Sjae) = 20504%° mol
- o =1
Steuy) = 397045 mot
A 'ﬂ‘s:;um = 5:1 S s:c.nu-u
a |
o :“ﬂiudm ;z"sp’,xu l5‘:‘[!IEH'M_ISI'I
= 2x33.70 - | [2+41.40) + 2050
= 79.40-287 8
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The negative value for the entropy change shows that the entropy of the system has demam
hawever, thal calcium reacts spontaneously with oxygen. So the entropy of the surfoundings Musy 5.
play a part because the total entropy change must be positive for the reaction to be feasible. &

= Total Entropy Change, AS i
AS5%m s 5um of standard entropy change of system and standard entropy change of surrounding, Ase
system can be found aut by subtracting the standard entropies of reactants fram the standard gmmmur
products {Similar to the way you oblained AH®). o

M’Irﬂlﬂ a ¥g* Iprudutil = E s'hlﬂ.lnﬂ.l

Where, respective no. of moles of reactants and products in balanced chemical equation are
with entropy of reactants and products.
AS* for surrounding is calculated using following equation

. 2N
T

hmn.hd

DS rvpnting =
Where, d
*  Thevalue of AH is in kJ/mol so must be multiphied with 1000. This is because enlropy changes 5,
measured in J/K mal. -
= The negative sign is part of equation and not the sign of AH]
A5 j5arey 15 calculated wsing followling equation:
AT e = AS® wpn ¥ As® ey

A5 o = ts"hml‘ﬁ'1ml*[

]

1t is useful to be able to predict about spontaneity of reaction using the sign of A5% g
& A8 s +ve = entropy increases = reactlon is spontaneous
& AS® yuw 5 —ve = entropy decreases = reaction is nonspontaneous

Sample Problem 6.8
Calculate the entropy change of the system AS® system for the reaction:

2Cay, + Oyy —+ 2Ca0y,
The standard entropy values are: 5% = 41.40 JK™ mal™
S5%om = 205.05K" mol™
S%ieacey) = 39,70 1" mol™
As AS%ramem = Z5% sy = Z5 pranmn)
o 2% 5%cangey = (2 % 5”jean + 5i0man)
= 2=39.70 - (|2 = 41.40) + 205.0)
= 79.40-287.8
AS%pwem = —208.4 )5 mol?

Sample Problem 6.9
Calculate the entropy change of the surroundings AS® wrswang for the reaction at 298K:
2Cagy + Oy —» 2Ca0y; AH°reaction = =1270 2 kJ mal™
Step 1: Convert the enthalpy change into J mal™ by multiplying by 1000,
~1270.2 % 1000 = =1270 200 J mol?
Step 2: App#y the relationship

ﬁS"....w - %ﬁ'ﬂ'
ASS . = 3270200
I 293

+4262.4 1K mol!

il
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Calculate the total entropy change AS"a for the reaction and check its spontaneity
2Ca;+ Oujyy =+ a0

= -208.4)K" mol™?

= +4262.4 )K" mal™?

AS%ime = -208.4 + 42624

A5%mm = +4054.0 ) molt

The total entropy change is positve and the reaction is feasible,

A5 e
[ —
AS,

THE FREE ENERGY C'HANGE, (AG)

Tn_ﬂewl'ﬂﬂﬂmﬂ whether a chemical reaction s likely to be
spontanegus, we use the new quanlity Gibbs free energy change, AG
The Gibbs free energy change is given by the relationship.

AG = =TASuwm
Multiplying the AS%wwy expression by T, we can also gel the
expression without having 1o consider the entropy changes of the
surroundings. This expression is called Gibbs equation

@ Rack Your Mind!

Y in ther lex?
&) Meajures entrogy change
[|E) Predicts spontane ity of reaction
{€) Calculates enthalpy chanpe
(D) Ceetermings reattion rate

9. What Is the slgnificance of Gibbs Tree

T {85 e = w.,._-[i"’fu]l

~ThSuaw = =TASumem + AH

4G® =  AH-TAS® [TAS] s Joule AS" represents A5" naes-

The umit of temperature et entragy

And draw the following conclusion from it

I.  WAG<0(-ve), the givén process may occur spontaneously.

I o AG = O [+ve], the indicated process cannot os<ccur
spontaneoushy; instead, the reverse of it may occur,

M. W AG =D naeither the Indicated process nor reverse of it can

O

10, What are the informatson’s given
Gibbs free energy for s resction?

by

occur spontaneously. The system is in a state of equilibrium,
2 Cal ac
Sample Prob 1
For the Reaction:
€250, — L4 +504 g
Calculate AH®,A5% and AG® at 25°C using the following data; and discuss its spontar, "eity.
Heat of Formation:
ok [ caso,,, | =~14327 W, am[call, |=-5a3.0 by, ok [ 50, | =87 5 K
Standard Entropy:
- - = ]
s*[caso,, |=10871/k, 5 [cats, [ =-ss20/k, 8 s0% | =+1720,0%
Solutlon
b A= T M ) = S BHy gy = ~543.0-907.5]-{ -1432.7 ] =-17.8 1

W 85 = 357wt = 3 Stwscyuney =| (~55.2+17.2) = (106.7) |1/ K= =147 1/
85% ==0.1447 WK
ill. &G° = 6H" —TaS" =(-17.8 ki) —(298 K}« (-0.1447 kI /K) = +25.3k!
Note that you substitute AS® in units of kJfK in the formula of AG®.
Result: We conclude that this process is nonspontanegus at standaid conditions at 25°C.
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~ Sample Problem 6.12 L
What is the standard free-energy, AG” for the following reaction [Haber's process) at 25°C2 Alsg "ilnu“
spontancily.

+3H, , —INH
«l

l|,|| Mel

Heat of Formation: & [N, [ =01, 88 (K, | =0k, ar [, | =59k

standard Entropy: 5°[N,,,, ] =19151/k, 5‘[H"“]=13‘DEHK.5'[HH_,,H]=-I'IISHK
Solution:
A =‘$"n.n.wm] =Y M) =[24(25.9) ][04 0] =-01.8
. ? = Y NS e ~ LS =[2+(193)}-[191 5+ 3x1306 Jarx=-197 1%
85" =-0.197 W/ K
AG" = AH" ~TAS® = (0188 k) - (298 K)x(-0.197 ki fK)=—33.1

Result: Since AG® 15 a negative value, thus it is concluded that Haber's process is spontanecus at $ang ey
conditions, | & at 25°C

= Spontaneity and Temperature Change
Unit iow we obtained the free—energy for a resction at 25°C. How do we find AG® at angy,,
temperature? For this purpose, we use the same squation Le., AG® = AH® - TAS”. We gel the valys o1 aG
atany temperature by substituting values of AH™ and AS® 31 25°C. But In the method, we assume thy AR
and AS* are essenbally constant wor t temperature (this is ondy approcomately truel
Remember thal the superscript degree sign {*) refers to substances in standard siates, which 2=
substances at 1 atm and at the specfied temperature. Although until now this was 25°C (298 K), we ittt
consider nther temperatures. Note that in general, AG depends strongly on temperatiure.
In Table, all of the four possible choices of signs for AH® and AS®, give different temperature behavigrs 1,
AG® are being discussed. in all this discussion temperature is dlways positive a5 itis taken on Kebin segls

Table: Effect of temperature on the spontoneity of reactions

AH® | AS® | AG® Description®
- * — Sponlaneousatall T
1 - + Mon-spontaneousat all T
- - | +or - | Spontansous at low T; nane-spontaneous at high T
* + |« or- | Nen-spontaneous at low T; spontaneous at high T

*The term low temparature and high temperature are relative. For a particular reaction, high temperaters

could mean room lEmperalure,
Sample Problem 6.13
Caleulate AG® at 1000°C for the following reaction and discuss it spontaneity.

CaCOyy,y —» CaC0y,; + CO:

Solution:

For this reaction, AH® = «178 0k and A5® = +160.4 )/ = 01604 /K

Substituting T= 1000+273=1273 K

AG = AH-TAS=(+178.0 k) - (1273 K) = (0.1604 kifK)

+1780k-2042 W
=262k
We conclude that this reaction 5 spontansous at 1000°C and 1 atm, since AG has negative sign. In other
words, at 1000°C, limestone (CaC0;) will decompose i an open container

L
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| | Quick CHECK 6.9

i ) What do you expect about the entropy value of the following reactions, whether it would be pasitive
i or negative?

.I. ) Ny Mg ——20H,

I Ans, Entropy Change (as):

» Reactants: 1 mal Ny + 3 mol Hy = 4 males of gas

« Products: 2 mol NH, = 2 moles of gas

Conclusion:

« The total number of gas molecules dacreases,

» Therefore, disorder decreases, and entropy decreases.

i) 2Hy =My g

! ans. Entropy Change (85): Positive or Negative?
1™ positive (85 >0)

- — i — i —

Reasan:

! « Number of gas molecules remains the same (2 moles of gas on both sides), but the products are

| different substances, leading to greater molecular randomness,

' « Thereaction results in increased disorder, as two different gas species {H; and 1;) are formed from a
| single type (H1), which increases entropy.

i conclusion:

i AS = Posilive

| Whidh of the fallowing changes are likely to be spontaneous?

1. Thesmell rom an open bottle of aqueaus ammonia diffusing throughout a ream,

| gns. The smell from an open bottle of aguecus ammonia diffusing throughout a room,

i Spontaneous -
| v Gas particles spread out to increase entropy (disorder).

| « Noenergy inpul required. o

I

i,  Water turning to ice at -10°C
f Ans. Spontanecus
| « Below 0°C, freezing is thermodynamically favarable (exothermic),
[ « Even though it decreases entropy, the low temperature makes the process favorable.
l,: fii. Ethanol vaporisingat 20°C
| Ans. Spontaneous
' = \aporization increases entropy.
| « Ethanal has a low boiling point [~78 *C), and enough molecules have sufficient energy to evaporate
i slowly at 20°C.
yiv.  Water miing mm with salt
| Ans. Spontansous
b + Dissolution increases entropy as ions disperse In water.
I = Mo energy input needed.
¥. Limestone (calclum carbonate) decomposing at room temperature

B e o e i e e e il R i i e i it . | A

« Endothermic reaction that requires heat input to break bonds.

« Doesn'l occur naturally at room temperature.

Likely Spontaneous: |, i, jil, iv

Not Spontaneous: v .

S — O — — i — i —
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Explanation

Thermochemical Equation:
*A balanced chemical equation which fully descubes the physical statés of Ractang, . |
products in the form of state symbols along with an enthalpy change during the 'l‘i:ll a"ﬂ;
called a thermochemical cquatson ” el
Infarmation from thermechemical equation: 1t tells us about. |
I Physscal states of both reagtants and products
i, Exact numbier of moles of reactants and products.
fil. Heat evolved or absorbed durnng 3 reaction

Example: IH = s —» 2H:0,, AH ==2858 ki mol ™

Energy is required o break the strang N = N triple bond: Ny + 0: — 2ND, .\IETHET;-‘"-‘
absorbed) e,

=4

In exothermic reaction, the number of bonds formed 5 greater than bonds breaka.
By

during the reachion Moreover heat content of products is less than that of reactangs Iih'nl
Hel That is why when reactants convert into product heat is released from S'r!-'lem;.:
v

sufrountings

Example: H ;¢ 1/200, — H0,,

AH = =285 5 W mol™
— |

The height of the peak in a reaction pathway dlagram represents the activation energy,
which ik the minimum energy required for the reaction 1o occur.

Atomization Energy: The energy required to convert a substance in atamic state Lg_t;n‘;_r,
alomuizabon energy. It 5 always endothermic in nature.
ViHu » Hyi AM = 218 I mol !

0

It is necessary 1o mention the physical state of reactants and products, because enthalgy ;]
associated with a typical phase of a substance. With a change in physical state of reactaey,
or products. enthalpy change of the reaction will be changed.

50 apparently two reactions are chemically same but thermo chemically, they may s
Jifigrent from each other

Application of Hesa's Law: Steam 15 produced from Hy and O3 by two different routes
Route I:

b Hip+ M0 — HiDy
Route li:

il Hyg + 405 —» Hi0y AH, = -285.8 ki mal "

AH==241.5 k) mol™

| attractive fomes batween atoms in a molegule, allowing the bond to dissociate,

Energy s absorbed when bonds break because it requires energy 10 overcome fhe

In the equation O = meAT, ¢ represents the speaific heat capacity, which is the amoung gf
heat ensrgy required 1o raise the temperature of a unit mass of a substance by 1 degree
Celsius {or Keban)

Gibbs free energy (AG) determines whether a reaction i spontaneous or not, If AG i
negative, the reaction is sponlanecus; if AG is posithve, tha reaction 5 non—spontaneous.
This makes AG a crucial thermodynamic property in understanding reaction faasibility,

10.

s.q

The sign of change n free energy (AG] of a process can be used to predict the spontansiy

of that process

I Il AG < D{-ve), the given process may ocour spontansausly

il, If AG=0{+ve), the indicated process cannot occur spontansously, instead, the revens
of it may occur,

L i AG = 0, neither the indicated process nor reverse of it can occur spontaneoushy. The

gystem 15 in 3 state of equilibrium,
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MULTIPLE CHOICE QUESTIONS (MCQs)

Four choices are given for each question, Select the correct cholece.,

\Which of the following equations represents standard heat of formation of CiHa?
a) 2C[diamond] +3H, CH, bl 2C{graphite) «2H, CiH,

¢l Clgraphite) +H,, 1/2CH, ., d) 2Cdiamand) +4H,,CH,,

which of the following equations cormectly defines lattice energy of MgCL?

a) Mgy + Sy Mgl b) Mgy, + 200, *MeCly,

e) Mg, =207, *MECE,,) d) Mﬂ:} =00, —Mglel,,

Suppose there are 100 molecules of a gas initially in Jar A, which Is connected to an evacuated jar B.
when the stopcock is opened the possible ways of arrangement of molecules will be:

) 100 b) 1/100 c) ' d} 1/2%

For a reaction 1o occur spontaneously,

a) [AH = TAS) must be negative b) (AH + TAS) must be negative.

e) AH must be negative. d] AS must be negative.

The calorie content of food, often expressed in Calories (keal), ks fundamentally related to which
thermadynamic quantity during its metabolism or combustion?

a) Entropy change (AS) b) Gibbs free energy change (AG)

¢} Enthalpy change [AH) d) Specific heat capacity (c]

wWhich of the following quantities is NOT typically determined using Hess's Law?

a] Enthalpy change of formation b} Enthalpy change of combustion

¢} Activation energy d} Enthalpy change of reaction

Which of the following factors would lead to a greater enthalpy change of hydration (mere exothermic)?
a) A larger ionic radius and a smaller charge b) A smaller ionic radius and a smaller charge

¢) A larger lonic radius and a larger charge d) A smaligr ionic radius and a larger charge

The enthalpy of solution can be expressed in terms of which of the following enthalpy changes?

i} A, + ﬁ'Hhﬂ‘-dl:H h" 'ﬂHlm 'ﬂmﬂnun e o L . "ﬁkkﬂflllﬂ d) -n'Hm -E'“-pdf-n
Which of the following reactions has an enthalpy change that is equal to the standard enthalpy of
formation of water, AH;[H,0,,12
al M, +0y, —+H0,

4] H;m + 1!!0:“] -+H,0,,

b) Hygy) +1/20;,) M0y
d) 2H,, +0f, —+H,0,,,

The enthalpy change for a reaction depends on:

a) Pathway taken from reactants to products

b) Presence of a catalyst

e} Initial and final states of the reactants and producis

d) Rate of the reaction

Which of the following processes would typically result In an increase In entropy of the system?
a} Freezing of water

b) Condensation of steam

) Dissolving a solid In a liquid

d} Farmation of a crystal from a saturated solution
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Consider a reaction with AH > 0 and AS < 0. This reaction will be:

a) Spontaneous at all lemperatures
¢) Spontaneous only at high temperatures

o. | Option Answer

Answer Key with Explanations

Standard heat of formation requires;

B} Non-spontanegus at all temperatures
d} Spentaneous only 4l low lemperalures

Explanation

Elements in their most stable natural states (graphite fy,

d Mg:v' +2CH — MGl

i c +H,  1/IC.H carben, Hy gas for hydrogen)
! - el T e Formation of exactly 1 mole of the compound
« Diamond and atomic hydrogen are not standard staleg
«  Option ¢ only Torms half male of CiHae *a
. Lattice energy is =

The energy released when gaseous ions form 1 male of
solid ionic comipaiend

Must start with separated gaseous ions (not elements g,
solid ions)

Must form solid crystalline compound

18

C 2!m

Each molecule has 2 choices {jar A or B) e

For 100 independent malecules: tolal arrangements = 3
2w, n 2 (100 timas) = 3%
Demonstrates the statistical nature of entropy

[AH - TAS) must be

Gibbs free energy equation: AG = AH - TAS
For spontaneity: 4G <0

-
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AG = [+aH) - T{-a5) « &H+ T(85)
Sinee AH > 0 and TAS adds povitively, 8G = 0 for all
lemperalunes
Naon-
K. b CPRONSINRNE ¥y 45 So, AG 5 always positive - Reaction ks non-ipontaneous at

lemperatores
all temperatures

When BH > 0 and 45 < 0, no temperalure can make AG

nepaliag

SHORT ANSWER QUESTIONS

=

g1 Attempt the following shart-answer questions:

2. Diflers ntiate between exothermic and endothermic reactions.

— e

ans Property Exotheremic Reactions Endathermic Reactions
Encrgy Change | Release energy (heat) o surroundings | Absorb energy (heat) from surenundings
Enthalpy [aH) Kegative [AH < 0) Positive (A > 0)
Temperature Increases in the surroundings (heats wp) | Detreases in the surroundmgs (coals down)
Example Combustlan  of  fuels, respiration, | Photosynthesis, melting iee, boiling water

freezing water

Reaction Profile | Energy of products < energy of reactants | Energy of products > energy of reactants

b, What da you understand by the enthalpy of a system?

e : negative s Thus &M = TAS must be negative L.
«  Neither AH nar 45 alone detefmines spontaneity s, Enthalpy {H) of a system is the total heal content of the system at constant pressure
s Calgries measure heal released dunng combustion {ﬁ_H]_" jtisdefined 35 H=U+py
. E Enthalpy change [aH) « 1Calorie =1 keal = energy to raise 1kg water by 1°C Where:
» G includes unusable encrgy; OH measures total hieat s« H=enthalipy
« Hess's Law calculates enthalpy changes [4H) only « U=intemnal energy of the system
vi. c Activation energy « Activation energy is kinetic parameter lenergy ba trier) « P =pressure
« Can'l be determined from reaction enthalpies » VM =volume
« Hydration enthalpy depends on ion-water altraction ',:,__nlrln cntiate clearly between entropy (5) and Gibbs free energy (G).
VL. d smaller radius + larger « Smaller lons: water malecules can approach closer ';ns— v TR B — Enn=rmr =
charge « Higher charge: stronger ele:lrnstau:latt?;[.mn Definition ol e e e e ey
=  Most u:u:h:mu; when ions are small and highly :h,a-rﬁe.d_- it g gl
= Standard lormalion requires: | S'.Irnhul 5 -
. o Elements in standard states (H; gas, O, gas) P T —
B H*qn * Uzu,m —+H, Oy o Formation of 1 male of preduct L
& Cotrect physical state [liquid water) Hature Tells how dispersed energy 15 in a system ;r:::“n::::!ur a process b
. EITF‘EIF-I:I'IS L I'Iﬂnrirl a:::: ZEates o fonm, gas Formula Ho single farmula [but used in A5} AG = AH-TAS
: n:::nzi Em?: :niI::::lT a:n‘ final states Interpretation Higher 5 = mare disarder Negative &G = spontaneous process
X. c Initial and final states « Independent of pathway or catalyst Temperature Affects spontaneity when multiplied by T | Directly determines spontaneity of a
= Rate is kinetic property, unrelated 1o 4H Dependency in AG faattian
= Dissalving increases disorder (solid —» dispersed solution] d. Distinguish clearly between standard enthalpy of reaction and standard enthalpy of formation.
. Freulngf-:undm_ﬁngf:mlal!mtbn' decrease  eniropy : ~
XL c Dissolving solid {more ordered states) Ans. Property Standard Enthalpy of Reaction (AM,,,.u.) | Standard Enthalpy of Formation (aH])
= Entropy generally increases when particles become mare Definition Heat change during a chemical reaction | Heat change when 1 mole of a
dispersed under standard conditions compaound forms from Its elements in
thisir standard states
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04
from %
Reactants and Any type of substances [(elements of | Always starts elemenyy -
Products compounds) standard states
Amount Involved | Varies depending on the reaction | Always forms “““'I'_I__r;;h
equation product |
Symbal ane,, A
Example Combustion of CH,; Formation of H,0: __--h“"ﬁ
CHy + 20, — €Oy = 24,0 Hyy + HiQuip — Hlohl
e.  Define the following enthalples and give ane example of each, 3 %
(1) Standard enthalpy of solution (i) Standard enthalpy of hydration
(Ui} Standard enthalpy of atemlzatlon {Iv) Standard enthalpy of combustion
Ans, ™
(I} Standard enthalpy Change of Solution | AK], |

“The standard enthalpy of solution is the amount of heal absorbed or evolved when one mg
substance is dissolved in a solvent to give an infinitely dilute solution.”

The enthalpy changes of solutlon of sodium carbonate and ammonium chloride are described
equations below:

5!;4'
By !

N30y, #39—2Maj,,) +CO}',,,
MM, +ag—rFNH] fsal +Cf
() Standard enthalpy of hydration

“The enthalpy change involved when one mole of a solute is dissolved in excess of waler o make infinis;
dilute solution under standard conditions.”

() Enthalpy Change of Atomization [ &H], )
“The standard enthalpy change of alomization of an element is the enthalpy change involved when ¢,
male of gaseous atoms is formed from the element, under standard conditions.”
Hay =2, By =+436 W mol™*
Vg —hy O =28 kmol

(v} Enthalpy Change of Combustion | AHZ )
The standard enthalpy change of combustion of a substance is the enthalpy change involved when gry
male of the substance is completely burnt in excess of axygen, under standard conditions.
For example, standard enthalpy of combustion AH® C of ethanol is —1368 ki mol™®.
CH,OHy,, + —+200,,, +34,0,, OH! =-1368 K mol™"

f.  Explain why the lattice enthalpy of an lonic compound Is typically a large negative value,
Ans. The lattice enthalpy of an ionic compound is typically a large negative value because:
It represents the energy released when gaseous lons combine to form one mole of a solid lonie erystal
This process involves strong electrostatic attraction between oppositely charged ions, Since a large amoun
of energy is released during this bond formation, the lattice enthalpy is highly exothermic (negative valus|
E-  What factors Influence the magnitude of the lattice enthalpy?
Ans. The magnitude of lattice enthalpy is mainly influenced by two key factors:
1. lonic Charge
* Greater lonic charge = Stronger electrostatic attraction between ions.,
This leads to a more negative {larger) lattice enthalpy.
Example:
Lattice enthalpy of MgO (Mg** and 0"} Is much higher than that of NaCL [Na* and CL") due to higher
charges.

AH, =-25 kI mal™
AHE, = +16.2 K mol™

[es}

e} ]

H“nuﬂ = CHEMISTRY (11" 205

=2 lonic Radius (Size of lons)
Smaller lons = lans are closer together = Stronger attraction
Smaller sire = more negative lattice enthalpy.
Example:
Lattice enthalpy of LIF is greater than that of CsF, because Li° is smaller than Cs",
;"‘"’E,T:ﬂn why the enthalpy of hydration Is always an exothermic process for gaseous ions.
" maln Interactions responsible for the release of energy during hydration?
ﬁhalw of Hydration: Always an exothermic process
The enthalpy of hydration is the heat released when gaseous ions dissolve in water and become
wirounded by water molecules. 1t is always exothermic because
When gaseous ons dissalve, the water molecules surround and stabilize the wons, leading to a decrease in
the SySTEM's ¢nergy.
pain Interactions Responsible for Energy Release:
] lon-Dipole Interactions:
The polar water molecules interact with the charged ions through their partial charges (67 on oxygen
and &* on hydrogen). This creates a stable interaction between the ion and the water molecules,
releasing enerpy

{n) Electrostatic Attraction:
Water molecules are strongly attracted to the lons, especially smaller, highly charged lons (like Mg" or
Ha*], which increases the energy released during hydration

L For the reaction CHagyy + 205, —» COyy + 2Hy Oy, Identify all the bonds that need to be broken and all the
bonds that need to be formed to carry out a bond energy calculation of AH.

What are the

Jns. To carry out a bond energy calculation for the reaction:
L]

CHag + 200y — COs + 2H104n

ponds that need to be broken [in reactants):
1. CHa«(Methane):

4 C-H bonds (broken 1o form C and H atoms)
2. 0: (Oxygen)

2 0=0 bonds [broken to form 2 exygen atoms)
gonds that need to be formed (in products);
1. €O (Carbon Dioxide)

2 C=0 bonds (fermed between carbon and oxygen)
1. H,0 [Water):

2 O-H bonds in each H,0 molecule (2 molecules of H0, so 4 O-H bonds are formed)
To calculate AH we would use the bond energies (bond dissociation energles) for each of these bonds and
apply the formula:

&H = Bonds Broken (Energy required) - Bonds Formed (Energy released)

For a reaction to be spontaneous, what is the required sign of the Gibbs free energy change (AG]7 Under
what conditions of enthalpy change (AH) and entropy change (AS) will a reaction always be spontaneous?
Ans. Fora reaction to be spontaneous, the required sign of the Gibbs free energy change (AG) 15
AG<D

This means that the reaction must have a negative Gibbs free energy change for It 1o occur spontaneausly

under constant temperature and prassure,

In ether words.
BG <0 indicates 3 spontangous reaction
&G > 0 irdicates a non-spontanesus reaction.
AG =D indicates a system in eguilibrium.
The Gibbs free energy change [AG) must be negative, Le, 4G <0
The relationship between AG, AH (enthalpy change), and AS (entropy change) is given by the equation:

AG = AH - TAS
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Whare

s AG = Gibbs free energy change
s AH = Enthalpy ¢change

s T=Temp=rature (in Kelan)

& AS=Entropy change

Conditions for Always Spontaneous Reaction:
1. AH <0 (Exorhormmg reaction)

2 A5>0(Incroase i dis ardrr}
Explanation:

= Exothermic (AH < Q) reactons release heal, maing the system more stable

sCHOLAR T CHEMISTRY (11")

—

DESCRIPTIVE QUESTIONS

0.3 State and explain Hess's law. Give its two applications.

T!.ns See Page No. [1B3)

o4 =4 What is Iattice enerpy? How does Born-Haber cycle help to calculate the lattice energy al';hurﬂ.?

Ans. s, Sec Page No. [188)

-

Increase in entropy (AS > 0) means the system bacomes mere disordered, which also favours 5Pﬂnr.amt,.

These conditions ensure that 8G will abways be negatwe, regardiess of the lemperature The n!mnt
and paositive 45 make both terms in the equation contrbule to a negative value for 8G

k. Theenthaley of solution can be either positive or negative. Explain what a positive AL ﬂw
e

NUMERICAL PROBLEMS

==

% [a) When 0.400 g NaOH Is dissolved in 100.0 g of water, the tempsrature rises from 25.00 te 26.02°C

AH. indicatr about the encrgy changes during the dissolution process.

Ans. The enthalpy of solution [8H,,) represents the heat change when a solute dissolves in a in!u]r_ﬂ;‘"\

of &M, prees us intarmatian about the energy changes that occur during the dissolulion process,
(i} Positive AH,., (Endothermic Dissolution)

Caleulate: (i) Gune, [i} AH for the solution process

*  AH, > 0 means the dissolution process is endothermic.

» Energy s absorbed from the surroundings to dissolve the solute

= This occurs when the energy required to break the interactions between solute particles (ke i,
covalent bends) @ greater than the energy released when solvent particles interact with the soha,

= EBxample: When ammorium mitrate (NHaNO,) dissolves in water, it absarbs heat, mabing 4,
solution fe<i cold

(i) Megative AH,. (Exathermic Dissolution).

*  AH < 0 maans the dissolution processis expthermic.

= Energy s refeased into the surroundings as the solute dissolves

*  This ocours when the energy released during the intersction of solute particles with g,
moletules exceeds the energy needed to separate the solute particles

*  Example: When sodium hydroxide [NaDH) dissolves in water, heal is released, making the sl .,
faal warm i

I. . Consider two ions with similar charges but different stees, or similar slzes but different charges, Expls,
how the concept ol charge density can be used to predict which lon will have a mere exathem,
enthalpy of hydration and why.

Ans. The concept of charge density is essential for understanding which ion will have a more exathers:
enthalpy of hydration

Charge Density:

= Charge dersity 5 the charge of anion divided by i3 sire [radius}

*  (Charge density = chargefradius

Prediction of Enthalpy of Hydration:

«  Highgr charge densty means strenger londipote intoracions between the lon and water molioie
lpading 1o a more exothermic enthalpy of hydration e, more energy released during hydration,

For ions with similar charges but different sizes:

= Smailergns have 3 higher charge density because thelr charge 15 concentraled over & smaller am

o Smaller ans (higher charge density) will bave 3 more exothermic enthalpy of hydration becag}

!h-'_""' create strongar inferaciins with waler ITH:IEI:IJ]EE

For ions with similar sizes but different charges:

= jons with higher charges have a higher charge density, meaning they can interact more strongy
with water malecules

* Highercharge . g., Ae™ > Mg™ > Na* densily resulls ln a more exathermic enthalpy of hydration

Given Data:
Mass of NaOH (m,) = 0400g
Mass of water m) = 100.0g
Mass of Solution = 100g+04§
= 1004g
Initial temperature [Ty} = 25.00°C
Final temperature (T;) = 26.03°C
specific heat capacity of water [¢) = 418 ie'c
step (1) Caleulate of Gy
Qasw = MX X AT
Whire:
4T = Ty=Ty=26.03"C-2500°C=103"C
substitute the values:
Quwe: = 1004g«4 18 )fg'Cx103°C=4343314
step (li): AH for the solution process
Massof NaOH = 0400g
Molor mass of NaOH [p) = 5
0.4
rm =0.01 mal
0.01 moles of NaOH = 434,33 )
434.33

1 mole of MaQH

) 1 =43433 ) =43.433 &J

As the temperature of solution 15 raised so hzalq: of solution is Exothermic Thus AHu = —423.433 kI mol™*

Q.6 By applying Hess's law, calculate the enthalpy change for the formation of an agueous solution of MH.C

from NH; gos and HCL gas. The results for the various reactions are as follows.

(i) NHy () +3a—sNH, .\ BH=-35.16 k) mol™
(i) HCZ () +0q—+HCE,, BH==72.41 Kl mol*
(i) NHy ) #HCE L —»NH,CE ) BH=~51.48 k) mol™

Ghven Dala:

l HHyy + ag — NHapg

il HCliy + ag —» HCljyy

il FH 3 + MOk g =+ NHCly
Required:

HHyg + HCly + ag —— NHaCliyy;

AH; =-35.16 ki mol™
AHp ==F2.41 ki mol™
AHy=-51.48 k) mol™

AHr= 7
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