5 Chemical energetics
Enthalpy changes and entropy changes accompany chemical reactions. This topic

demonstrates why some reactions and processes are spontaneous and others are
not.

5.1 Lattice energy

5.2 ionic solid, its aqueous solution and Born-Haber cycles
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5 Chemical energetics

Enthalpy changes and entropy changes accompany chemical reactions. This topic demonstrates why
some reactions and processes are spontaneous and others are not.

Learning outcomes
Candidates should be able to:

5.1 Enthalpy change, AH a

-

explain that chemical reactions are accompanied by energy changes,
principally in the form of heat energy; the energy changes can be
exothermic (AH is negative) or endothermic (AH is positive)

b) explain and use the terms:

(i) enthalpy change of reaction and standard conditions, with
particular reference to: formation, combustion, hydration, solution,
neutralisation, atomisation

(i) bond energy (AH positive, i.e. bond breaking)
(iii) lattice ener tive, i.e. gaseous ions to solid lattice)

ropriate experimental results,

5.2 Hess’ Law, including and carry out
Born-Haber cycles

found by direct
ation from enthalpy

g enthalpy chang
eriment,
s of

bon
ati ion li
aber ing a
)

b) constr ndi onp ay diagram, in terms of the
enthalpy change n and of the activation energy

d of its aqueous solution
energy and electron
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LATTICE ENERGY

Lattice enthalpy is the energy that would be A

given out to the surroundings (red arrows) if K
one mole of a compound could be formed “ N O
directly from free gaseous ions coming
together (black arrows) and arranging

themselves into a crystal lattice.

LE

As gaseous ions for i . c@llrgy is known as the lattice
enthalpy.

G us i

Ca%'(g) + I- (9 s)

jonic solid — Gaseous ion
CaClx(s) — Ca?(g) + 2CI—(g) AH = -AL.E

Lattice enthalpy is a measure of the strength of the forces between the ions in an ionic
solid. The greater the lattice enthalpy, the stronger the forces
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LATTICE ENERGY

Lattice energy: the energy change (liberated) when:
1 mole of solid lattice is formed

from its constituent gaseous ions

under standard conditions (at 298K and 1 atm).

M*(g) + X—(g) — M'X—(s) AH = —x kJ mol-" (Lattice energy)

because lattice energy
is always exothermic

TTI
Lattice enthalpies are impo ure of the strength
of ionic bonds in different i
The strengths of ionic bon eda Iple I, arise from the
energy given out as billions upo ions e ions come together to
form a crystal lattice.

The force of attraction between the ions is stronger, and this results in a more exothermic
lattice enthalpy, if:

this value is al

« the charges on the ions are large

« the ionic radii are small, allowing the ions to get closer to each other.
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LATTICE ENERGY

The magnitude of Lattice energy depends on the the electrostatic attraction between the
jons. It
=1100

increases as the charges on the ions increases i @
-1000

decreases as the size of the ions increases. o0l N O

-800
Rb*

Cs*

Lattice enthalpy/ k) mol™!

s

~700

-600

® ® ©® @

E IONS

ction between them, and

THE TAN E
The smaller the dista b ent reat a
the greater will be the Hti thal
For example, the siz f alide in tl d
F-<Cl-<Br-<I-

Lattice enthalpies for the sodium halides decreases in the same order (Note that each
substance has the same ionic charges).

As the size of an anion increases, attraction between ions decreases and so does the
lattice enthalpy.

NaF AH lat = — 926 kJ mol-'

NaCl AH lat = — 787 kJ mol-'

NaBr AH lat = — 752 kJ mol-'

6
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LATTICE ENERGY AND CHARGE ON IONS

The greater the charges on the ions, the greater the attraction between them, and the
greater will be the lattice enthalpy.

E.g., sodium fluoride(Na*F-) and magnesium oxide(Mg2*O2-) have similar structures.

The sizes of the cations are similar as both Na and Mg are in period 3, and the sizes of
the anions are also similar as O and F are in Period 2.

The lattice enthalpy of the oxide is expected to be four times that of the fluoride.

NaF AH (lattice) =- 926 kJ mol-" O AH (lattice) =-3800 kJ mol-!

1. Explain the term lattice rg l l

2. Write a balanced equation including state
magnesium chloride. [2]

ols to represent the lattice energy of
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QUESTIONS

3. Describe how, and explain why, the lattice enthalpy of magnesium fluoride differs from

that of calcium chloride.

4. How would you expect the magnitude of lattice energy of magnesium oxide to
compare with that of sodium oxide? Explain your reasoning.

OR R

Born—Haber cycles aii an licati W. pr@de a model for the
determination of lattic. &nt ies e ur xperimentally. They also
gin re@substances.

enable chemists to te the icm

all th nge®Mat contribute to the standard
. These changes involve:

A Born—Haber cycle identi
enthalpy change of formation of a comp

e the energy (enthalpy changes) required to create free gaseous ions by atomising and
then ionising the elements

o the energy given out (the lattice enthalpy) when the ions come together to form a

crystal lattice.
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BORN-HABER CYCLE

A Born—Haber cycle is usually set gaseous 1ons

out like an enthalpy profile diagram,
total enthalpy

with enthalpy changes one after change for atomising

another. and ionising the
two elements

lattice
All the processes in the cycle can be enthalpy
measured experimentally except the metal element and
. . , non-metal element
lattice enthalpy. So, by using Hess’s
law it is possible to calculate the enthalpy change
of formation of
lattice enthalpy. the compound compound
A method for analysis of th o) ical
With the calculation of latticg :nt iest
atomisation energies for trie ents,
ionisation energies for the metal component, AHie,
electron affinities for the non-metal component, AHea, and
the enthalpy change of formation, AHs, for the compound.
AH formation = Atomisation energy of metal + lonisation Energy of Metal
+ Atomisation of non-metal + electron affinity of non-metal + Lattice energy
12
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GENERAL BORN-HABER CYCLE

non-metal gaseous atom

AHat of non-metal AHE.A. of non-metal
metal gaseous ion

non-metal gaseous ion

AH, E.of metal
metal gaseous atom

AHat of metal

Lattice Enthalpy
metal + non-metal

AH4

L Y

Electron affinity of an| =m s th cc@® when one mole of its
gaseous atoms gains (o} ele Cojitions.

O(g +

o 1 kJ mol-1

The first electron affinity is the ent hen 1 mole of electrons is added to 1

mole of gaseous atoms to form 1 mole of gaseous 1- ions under standard conditions.

Most first electron affinities are exothermic. This is because energy is released when
the electron comes under the attraction of the nucleus

Element Si P S Cl
E.A/ kJ mol-! -135 -60 -200 -364

Megalecture.com
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SUBSEQUENT ELECTRON AFFINITIES

The subsequent electron affinities are always endothermic since the initial repulsion
between the negatively charged ion and the incoming electron outweighs the energy
released when the electron comes under the attraction of the nucleus.

O(g) + e — 0O(g) AH = +791kJ mol-!

The second electron affinity is the enthalpy change when 1 mole of electrons is added

to 1 mole of gaseous 1- ions to form 1 mole of gaseous 2- ions under standard
conditions.

The overall enthalpy change in forming an oxide ion, OZ-, from an oxygen atom is found
by adding together the 1st and 2nd elec

Calculate the lattice energy| so

Enthalpy of atomisation of si_|iu
Bond Enthalpy of chlorine

First ionisation energy of sodium

Electron affinity of chlorine mol-'
Enthalpy of formation of sodium chloride = — 411 kJ mol-
16
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GENERAL BORN-HABER CYCLE

Na* (g) +Cl(g)

AHatm of Cl AHEA ofci
Na*(g) +1/2 Cl2(g)

Na*(g) +Cl~(g)

AHiE. ofNa
Na (g) +1/2 Cl2 (g)

AH
atm of Na AHLattice Energy of NaCl

Na (s) +1/2 Cl2 (g)

AHsnag

Calculate the enthalp} :ha

Enthalpy of atomisati f
Bond energy of fluori
First ionisation energy of
Electron affinity of fluorine -
Lattice energy of KF =— 813 kJ mol-!

Megalecture.com http://youtube.com/Megalecture
+92 336 7801123 Megalecture@gmail.com



20

Q

UESTION 1

K*(g) +F(g)

K*(g) +12F2(g)

K(g)+ 12 F2(g)

K(s)+1/2 F2(q)

AHatm of F AHE,A, of F
K*(g9) +F(9)
AHig ofk
AHatm ofk AH attice Energy of KF

AHskr

AHinaci = AHatmofk +

Calculate the enthalpy cha

Enthalpy of atomisation a
Enthalpy of atomisation of chli
First ionisation energy of Ca
Second energy of ionisation of Ca
Electron affinity of chlorine

Lattice energy of CaClz

+ AHattice Energy of KF

1

1

590 kJ mol-!
1100 kJ mol-!

- 364 kJ mol-!

- 2197 kJ mol-!

20
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Ca?'(g) +2CI(g)

Ca? (9) +Cl2(g)

Ca*(g) +Cl2(g)

Ca(g)+Cl2(9)

Ca (s) + Cl2 (9)

AHs CaClz

Calculate the lattice rg

Enthalpy of atomisi on a
Enthalpy of atomisation
First ionisation energy of Na

First Electron affinity of Oxygen
First Electron affinity of Oxygen

Enthalpy of formation of sodium oxide

2 X AHatmofci

AH2nd LE. of Ca

AHist 1E. of Ca

AHatm of Ca

odi

Xyge

2 x AHEeA. of ci

Ca? (g) +2ClI~(g)

AHattice Energy CaCl2

g data:

Jm
Jm
6 kJ mol-!
—141 kJ mol-!
798 kJ mol-!
—414 kJ mol-!
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QUESTION 3

Sum of the first and second N o
electron affinities of O(g) \ 2Na’(g) + 0" (9
Eg,+Eg,=-141+798

= +657 kJ mol™ 2Na*(g) + 2e” + O(g)

Atomisation to form 1 mol O(g) — |2Na*(g) + 2¢~ +30,(9)
AHZ = +249 kJ mol™

lonisation of 2 mol Na(g) ———
2 x AH = +992 kJ mol™ 2Na(g) + 20,(g)

Atomisation to form 2 mol Na(@) — [2Na(s) + 10,(g)
2 X AHZ = +214 kJ mol™

Standard enthalpy ch
of formation of
AH?[Nay

Calculate the enthalpy cha

Enthalpy of atomisation of

Bond Enthalpy of Oxygen

First ionisation energy of Mg 736 kJ mol-
Second ionisation energy of Mg 1446 kJ mol-!
First electron affinity of Oxygen —141 kJ mol-!
Second electron affinity of Oxygen +791 kJ mol-
Enthalpy of formation of MgO — 602 kJ mol-

24

Lattice enthalpy of
sodium oxide,
AH\:tt\ce[Nazo(S)] =7
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QUESTION 4

Al20O3

AP (g) +3 0%~ (g)

4

2nd|E.A. of0

X

tEA.
2A13 (g) +3/20 (g) ore

AP*(g)+3 0~ (9)

2 x (1stIE + 2nd IE + 3rd|IE)of Al

2Al(g) +3/2 02 (9) AHattice Energy
2|x AHatm Al
2Al(s) + 3/2 02 (g)
AHs
Al>O3
26
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BORN-HABER CYCLES

If the cycles are examined it will be seen that:

the largest single contributions in each cycle are made by lattice energy and ionization
energy and these two are always opposite in sign

the magnitude of the enthalpy of formation depends on the relative values of the lattice
energy and the ionisation energy

if ionisation energy is too high to be supplied by lattice energy then such a compound
will not form ionically

ENTHALPY N OLVING

Why do ionic crystals disso
attracted to each other?

nsin lat are strongly

An ionic compound such a dii chlor iss in -polar solvents like
hexane, but it will dissolve ina p solv Whe e mole of sodium chloride
dissolves in excess water to produce a very ution under standard conditions,
there is an enthalpy change of +3.8 kJ mol™. This enthalpy change is described as the
standard enthalpy change of solution, AH solution, of sodium chloride. The process can

be summarised by the equation:

NaCl(s) + aq — Nat(aq) + Cl-(aq) AH solution = +3.8 kJ mol—1
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ENTHALPY CHANGES DURING DISSOLVING

When ionic compounds, like NaCl, dissolve in water the crystal lattice should be broken
down and this requires input of energy. This energy is supplied through the energy of
hydration.

S+
bond between  bond forming 8+|i| 56/ H
ions weakens o SH new bonds
/ 6—/H8+ H 2(3) M"’@% formed
SN, O &+
—H
5+ o+
5 /H u, oH NS
0 0
N H_ s “u H
lattice of ions &+
First of all, Na+ and on stb om oligmNaCl crystals to form well-
spaced ions in the gal ‘ou te, . Thi hejverse of the lattice
enthalpy (+787 kJ m
In the second stage, gase Na*(g are rated by polar water molecules

forming a solution of sodium chloride, nd Claq. Under standard conditions, this

process is the sum of the standard enthalpy changes of hydration of Na*g and Cl .

30
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ENTHALPY CHANGES DURING DISSOLVING

Enthalpy of Hydration:
The enthalpy change of hydration, AH hyd, is the enthalpy change when 1 mole of a
specified gaseous ion dissolves in sufficient water to form a very dilute solution.

Caz(g) — Ca*(aq)
gaseousion — aqueous ion
Enthalpy of Solution:

The enthalpy change of solution, AH sol, is the energy absorbed or released when 1
mole of an ionic solid dissolves in sufficient water to form a very dilute solution.

CaClx(s) + 2CI-(aq)

So

E

lonic solid
NaCl (s)

Na*(g) + CI=(g)
Gaseous ions

AH e NaCl + AHsoin NaCl = AHnya Nat + AHnya CI-
AHLe + AHsoin = AHhyq
AHsoin =-AHLe + AHhyd

32
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ENTHALPY OF SOLUTION

Draw a simple energy cycle & calculate the enthalpy of solution of sodium chloride from
the following data

Lattice energy of sodium chloride = -776 kJ mol
Hydration energy of Na*(g) =-390 kJ mol!
Hydration energy of CI-(g) =-381kJ mol

—AHattice = —(—776)

AHhya = AHnya [Na*] + AHnyq [CI-] = (—390)+ (—381)

Na* (aqg) +Cl— (aq)

AHsolution

NaCl (s)
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QUESTION 1

(@)  What is meant by the term enthalpy change of hydration, AHny4?

(b)  Write an equation that represents the of the AHnyg Mg2* ion.

(c) Suggest a reason why AHnyq of the Mg?2* ion is greater than of the Ca2* ion.

(d)  Suggest why it is impossible to determine the enthalpy change of hydration of the
oxide ion, O%-.

Y

If the energy of hydration ol hns

outweighs the lattice en

y i omp se r

lly
is much lower than the l&dce rgy com d' W not dissolve
is slightly less than the lattice energy, the a energy required for the

breakdown of the lattice is obtained from the thermal energy of the solvent. Hence the
process would be endothermic resulting in a drop in temperature

Most salts dissolve endothermically. Hence an increase of temperature favors the
equilibrium point to shift forwards resulting in an increase in the solubility.
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ENTHALPY OF SOLUTION

By constructing relevant thermochemical cycles, use the above data to calculate a value
for AHso (MgCla(s))

enthalpy change value / kJ mol-
AHf (MgCla(s)) —641
AHr (MgClz(aq)) —801
MgClz (s) > MgCIZ (aq)

0 kdmol—!

Iron(III) chl

disso
Cl4(
Use the following data to c; rd enthalpy change for this process.

species AH?/kJmol™
FeCly(s) -399.5
Fe3*(aq) -48.5
Cl (aq) -167.2
38
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QUESTION 2

By constructing relevant thermochemical cycles, use the above data to calculate a value
for AHsol (MgCla(s))

FeCls (5 > Fe3*aq)+ 3Cl—(ag)

—399.5 (— 48.5) +3(—167.2)

Fe ) + 1.5Clz(g)

(— 48.5) +3(—1
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