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Born-Haber Cycles - Key Terms 4

Your notes

Born-Haber Cycles - Key Terms

Lattice energy

As withbond enthalpy, lattice energy (DjattHF) canbe expressed as a formation or
dissociation process

As aformation process, it is the enthalpy change when 1 mole of anionic compound is
formed fromits gaseous ions (under standard conditions)

The AetH= is therefore exothermic, as when ions are combined to form anionic solid
lattice there is an extremely large release of energy

= Since thisis an exothermic process, the enthalpy change will have a negative value

= Because of the hugerelease in energy when the gaseous ions combine, the value
willbe avery large negative value

The large negative value of NattH= suggests that the ionic compound is much more
stable thanits gaseousions

= Thisis due to the strong electrostatic forces of attraction between the oppositely
chargedionsinthe solid lattice

= Since there are no electrostatic forces of attraction between the ionsin the gas
phase, the gaseousions are less stable than the ions in the ionic lattice

= The more exothermic the value is, the stronger the ionic bonds within the lattice are

The Aj,¢:H= of anionic compound cannot be determined directly by one single
experiment

Multiple experimental values and an energy cycle are used to find the AjH= of ionic
compounds

The lattice energy (Aj1tH) of an ionic compound can be written as an equation

= Forexample, sodium chloride is anionic compound formed from sodium (Na*) and
chloride (Cl)ions

= Since thelattice energy is the enthalpy change when 1mole of sodium chloride is
formed from gaseous sodium and chloride ions, the equation for this processiis:

Na*(g) + CI~(g) — NaCl (s) AjateH= = -776 k) mol -

o

Worked Example

Writing equations for lattice energy

Write down the equations which represent the lattice energy of:
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(i) Magnesium oxide ,

(ii) Lithium chloride Your notes
Answer

Answer1:

Mg?*(g) + 02~ (g) - MgO (s)

Answer 2:

Li* (g) + Cl-(g) — LiCl (s)

\
Enthalpy change of atomisation

» The standard enthalpy change of atomisation (A,:H~) is the enthalpy change when 1
mole of gaseous atoms is formed fromits element under standard conditions

» The A,:HZis always endothermic as energy is always required to break any bonds
between the atomsin the element, to break the elementinto its gaseous atoms

= Since thisis always an endothermic process, the enthalpy change will always have a
positive value

= Equations can be written to show the standard enthalpy change of atomisation (AatHé)
forelements

= Forexample, sodiuminits elemental formis a solid

= The standard enthalpy change of atomisation for sodiumis the energy required to form 1
mole of gaseous sodium atoms:

Na(s)—>Na(g) AaH==+108kJmol"!

o

Worked Example

Writing equations for the standard enthalpy change of atomisation

Write down the equations for the standard enthalpy change of atomisation (A4:H=) for:
(i) Potassium

(i) Mercury

Answer

Answer1:

Potassiuminits elemental formis a solid, therefore the standard enthalpy change of
atomisationis the energy required to form Tmole of K(g) from K(s)

K(s)—K(9)

Answer 2:
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Mercury inits elemental formis aliquid, so the standard enthalpy change of
atomisation of mercury is the energy required to form Tmole of Hg (g) from Hg (I)

Hg (I) > Hg (9)

Electron Affinity

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com

The electron affinity (Ac;H) of an elementis the energy change when one mole of
electrons is gained by one mole of gaseous atoms of an element to form one mole of
gaseous ions under standard conditions

Forexample, the first electron affinity of chlorine is:
Cl(g)+e™—CI"(g)  BeaH=-364kImol™

The first electron affinity is always exothermic as energy is released when electrons are
attracted to the atoms

However, the second electron affinity of an element can be endothermic asillustrated
by oxygen:

O (g)+e"—> 0% (g) AeaH = +844 k) mol™’

Thisis because alarge force of repulsion must be overcome between the negatively
chargedion and the second electronrequiring a large input of energy

4
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Born-Haber Cycles 4

Your notes

Born-Haber Cycles - Construction

= ABorn-Habercycleis a specific application of Hess’ Law forionic compounds and
enable us to calculate lattice enthalpy which cannot be found by experiment

= The basic principle of drawing the cycleis to construct a diagram in which energy
increases going up the diagram

% ENDOTHERMIC REACTIONS GO
UP — THE ENERGY OF THE
SUBSTANCES INCREASES

ENERGY

EXOTHERMIC REACTIONS GO
DOWN — THE ENERGY OF THE
SUBSTANCES DECREASES

The basic principle of a Born-Haber cycle

= The cycle shows all the steps needed to turn atoms into gaseousions and from gaseous
ionsinto theionic lattice

= The alternative route to the ionic lattice begins from the enthalpy of formation of the
elementsintheirstandard states

Drawing the cycle for sodium chloride

= Agoodstarting pointis to draw the elements with their state symbols about a third of the
way up the diagram

= Thisis shown as the left hand side of the equation for the processindicated

= Thelocationis marked by drawing a horizontal bar or line which represents the starting
energy level
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i THE GASEOUS IONS ,
WILL BE HERE Your notes

Na(s) + 5Cl,(g)

THE IONIC SOLID
WILL BE HERE

Drawing a Born-Haber cycle step 1
= Next, we needto create the gaseousions

= Thisisatwo step process of first creating the gaseous atoms and then turning them into
ions

= Creating gaseous atomsis abond breaking process, so arrows must be drawn upwards
= |tdoesn't matter whetheryou start with sodium or chlorine
= The enthalpy of atomisation of sodiumis
Na(s)—>Na(g) AsH==+108kJmol"!
= The enthalpy of atomisation of chlorine is
¥2Cla (g) > Cl(g) BatH= = +121kJ mol !

= We canshow the products of the process on the horizontal lines and the energy value
against a vertical arrow connecting the energy levels

Na(g) + Cl(g)

+121

Nalg) + %Clz(g)

+ 108

Nals) + %c12cg>

Drawing a Born-Haber cycle step 2 - creating the gaseous atoms
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= Nowtheions are created ,

= The sodiumionloses anelectron, so this energy change is the firstionisation energy for Your notes
sodium

Na(g) »Na*(g)+e~  AjeH==+500kJ)mol-!
= The changeis endothermic so the direction continues upwards
= The chlorine atom gains an electron, so thisis electron affinity
Cl(g)+e"—Cl(g) AesH=-364k)mol!
= The exothermic change means this is downwards

= Thechangeisdisplaced to theright to make the diagram easiertoread

O
Na*(g) + Cllg) + e-

+ 500 364

Na(g) + Cl(g)

Na*(g) + Cl (g)

+121

Nalg) + %CLZ(Q)

T+ 108

Nals) + %CLz(g)

Drawing a Born-Haber cycle step 3 - creating the gaseous ions
= Thetworemaining parts of the cycle can now be completed
= The enthalpy of formation of sodium chloride is added at the bottom of the diagram
Na(s) + %2Clo(g) > NaCl(s)  AH==-411kJmol !
= Thisis an exothermic change for sodium chloride so the arrow points downwards

= Enthalpy of formation can be exothermic or endothermic, so you may need to show it
above the elements (and displaced to the right) for aendothermic change

= The final changeis lattice enthalpy, whichis usually shown a formation. For sodium
chloride the equationis

Na*(g) + Cl~(g) — NaCl (s) AjaetH*
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o 4
Na*(g) + Cl(g) + e~

Your notes
+ 500
- 364
Na(g) + Cl(g)
Na*(g) + CL (g)
+ 121

Nalg) + %CLz(g)

+ 108

Aqutt

Nals) + %CLz(g)

- 41

NaCl (s)

Drawing a Born-Haber cycle step 4 - completing the cycle

= Thecycleisnow complete

= Thecycleisusually usedto calculate the lattice enthalpy of anionic solid, but can be
used to find other enthalpy changes if you are given the lattice enthalpy

o

Worked Example
Constructing a Born-Haber cycle for KCI

Construct a Born-Haber Cycle which can be used to calculate the lattice energy of
potassium chloride
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Answer

s

Enthalpy Your notes

Equation Change

Convert K(s) atoms K(s) —> Klg) aHoy
into K(g) atoms

Convert K(g) atoms Kig) —> K'(g) + & IE,
into K'(g) ions

Convert Cl,(g) 1 Clyg) —> Clig) aHat
molecules into Cl(g)
atoms
Convert Cllg) atoms | Clig) + &= —> Cl(g) EA,
into CL™ (g) ions

<
Add up all values to aHy
get AHY

©
Apply Hess’s Law to A

find AHS,,

THE DIRECT AND INDIRECT
ROUTE START AT THE

SAME POINT ON THE CYCLE,
AND END AT THE SAME POINT
ON THE CYCLE

| K*(g) + Clig) + o |
- _

IE,

||| ki@ + cug | K*g) + Cl(a) | ) EA

U
2N

| atgicn | ||| ko) + Zciyg |
AN

=
aHiatt

[ ang | [ ke + et |
M

aHy \N KCL(s) | |\

A DOWNWARD ARROW MEANS EXOTHERMIC.
AN UPWARD ARROW MEANS ENDOTHERMIC.

T (\ aHZ \)—(\ EA4 |)-(\ IE, |)-(| AHZC |)-U AHGK)
-

5] - o) [ ) ) )

|

e/

—
©
AH1
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-
Worked Example ,

Your notes
Constructing a Born-Haber cycle for MgO

Construct aBorn-Haber Cycle which can be used to calculate the lattice energy of
magnesium oxide

Enthalpy

Equation Change

Convert Mg(s) atoms Mg(s) —> Mglg) aHat
into Mgl(g) atoms

Convert Mgl(g) atoms Mglg) —> Mg*(g) + e~ IE,
into Mg*(g) ions

Convert Mg*(g) ions Mg*(g)l —> Mg?* (g) +e~| IE,
into Mg?*(g) ions

Convert O,(g) 10,9 —> 0lg) AHS:
molecules into O(g)

atoms

Convert O(g) atoms Olg) +e- —> O (g) EA,

into O (g) ions

Convert O™ (g} ions O (g) +e- —> 0% (g) EA,
into O® (g) ions

Add up all values to aHY
get AHY

, ©
Apply Hess’s Law to Al
find AHZ,

Answer
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| Mg2* () + Olg) + 2e- | [V @ + 09|
‘ IE, I T Mg*(g) + Olg) + e‘t ﬂ‘ Mg2*(g) + O7(g) + e- |U

| K JT Mg(g) + Olg) |

| a0 |T} Mglg) + £0,(a) |

S
aHlatt

\AH&(MMT} Ma(s) + 30,(g) |

~HY L MgO(s) )|

AH‘?=(aH‘c?tn«Ag))+(AHqt(cn)+(|E4 +( ) (EA».) (EA2)+(AHﬁu)

|
=[] - ) o)) )]s

)

-9'

aH;

Born-Haber Cycles - Calculations

= Once aBorn-Habercycle has been constructed, itis possible to calculate the lattice
energy (AH,,+5) by applying Hess’s law and rearranging:

AfHE = AatH§ + AatHE + IE + EA + A’attHg
= |f we simplify thisinto three terms, this makes the equation easier to see:
" AHp
u AHfg

= AH (the sum of all of the various enthalpy changes necessary to convert the
elementsin their standard states to gaseousions)

= The simplified equationbecomes
AHE = AHE + A HE
So, if werearrange to calculate the lattice energy, the equation becomes
D oHE = AHE - A HE
= When calculating the AH.;=, all other necessary values will be given in the question
= ABorn-Habercycle could be used to calculate any stage in the cycle

= Forexample, you could be given the lattice energy and asked to calculate the
enthalpy change of formation of the ionic compound

= The principle would be exactly the same

= Work out the direct and indirect route of the cycle (the stage that you are being
asked to calculate will always be the direct route)

4

Your notes
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= Write out the equationinterms of enthalpy changes and rearrange if necessary to ,
calculate the required value

Your notes
= Remember: sometimes avalue may need to be doubled or halved, depending on the
ionic solidinvolved

= Forexample, with MgCl; the value for the first electron affinity of chlorine would
needto be doubledinthe calculation, because there are two moles of chlorine
atoms

= Therefore, you are adding 2 moles of electrons to 2 moles of chlorine atoms, to form
2moles of Cl-ions

o

Worked Example

Calculating the lattice energy of KCI

Given the data below, calculate the A¢tH= of potassium chloride (KCI)

aHgt(kd mol™ IE/EA (kd mol™™
K +80 +418
ClL +122 -349

AH$ (kd mol™

KCL —437

Answer

Step 1: The corresponding Born-Haber cycleis:
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THE DIRECT AND INDIRECT ,
ROUTE START AT THE v ‘
SAME POINT ON THE CYCLE, ournotes
AND END AT THE SAME POINT
ON THE CYCLE

| K*t@) + Clig) + e |
INDIRECT

v
| & \D Kig) + Clig) | [ROUTE \ K'g) + Cllg) | & A

| aHS:c | D Kig) + $CL(q |

|DIRECT ROUTE |

=g
| aHG(K) ‘ T‘ K(s) + T Cl,(g) | aHatt

aHs Lﬁ J| kews [ A

A DOWNWARD ARROW MEANS EXOTHERMIC,
AN UPWARD ARROW MEANS ENDOTHERMIC.

s R (e e R = R o R

“ aHDatx = (‘ aHf ‘)-(‘ EA4 |)'(‘ IE, |)-(| aHg(CL |)—(‘ AHG K ‘)
- e )
AH,e

Step 2: Applying Hess’ law, the lattice energy of KClis:
DpoHE = AHE - A HE
BpaHE = DHE - [(B,HZK) + (B,H= Cl) + (IE; K) + (EA; CI)]
Step 3: Substitute in the numbers:

DpreH = (-437) - [(+90) + (+122) + (+418) + (-349)] = -718 k) mol-!

o

Worked Example

Calculating the lattice energy of MgO

Given the data below, calculate the of A,,:H=magnesium oxide of magnesium oxide
(MgO)

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 13
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AHS (kd mol™

Mg +148

IE4/EA, (kJ mol™ g

+736

s

IE;/EA, (kJ mol™ ") Your notes

+1450

(®) +248

MgO

—142

AHZ (kd mol™

-602

+770

Answer

| Mg?* () + O(g) + 2e- |

Step 1: The corresponding Born-Haber cycleis:

Mg2*(g) + 0% (g)

[ & IT‘MQ*’(Q) + Olg) + o

|, JT\ Mglg) + Olg) |

]

[t |

Mg?*(g) + O7(g) + e~

T At
| ako | || Mata) + f09) |
| aHSuMg) | T] Mals) + 10,(0) |
aH? L MgO(s) 1

e o)

|
|

NE RPN RN
€] -[e] (o))

D

AH1

Step 3: Substitute in the numbers:

1, SaveMyExams

AlattH§ = AfH§

© 2026 Save My Exams, Ltd.

Step 2: Applying Hess’ law, the lattice energy of MgO is:

- OHE

ByaeeH= = BHE - [(B5H= M@) + (B,1H= O) + (IE; Mg) + (IE; Mg) + (EA; O) + (EA; O)]

D H= = (-602) - [(+148) + (+248) + (+736) + (+1450) + (-142) + (+770)]

= -3812kJ mol-!

Get more and ace your exams at savemyexams.com
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Polarisation ,

Your notes

Polarisation

= Theoreticallattice energies assume a perfectionic model where the ions are 100%
spherical and the attractions are purely electrostatic

= Sooverall, there has abeen acomplete andirreversible exchange of outer shell
electrons between the two elements in the compound so that one ionis negatively
charged and the otherion positively charged and the charges are whole values

= Theoreticallattice energy can differ from measured lattice energy
= Thisisbecause covalent characterisintroduced when there is polarisation of the anions

= Whenthis occurs, the cation attracts electrons from the anion therefore distorting
electron density of the anion leading to a degree of covalent character

+ — +
IONIC BONDING WITH SOME
COVALENT CHARACTER

IONIC BONDING

Polarisation of anion leading to covalent character

Cations
= Acationwith alarge charge density will have alarger polarising power

= The charge density can be calculated as the charge of the cation divided but the surface
area, forexample

= K*willhave alower polarising power than Li* as the ionic radius is greater
= Na*willhave alower polarising power than Mg2+as the charge is smaller

= Soacationthatis small and highly charged will have the greatest polarising power

Anions

= Anions are polarised

= The polarisability of the anion depends of its ionic radius

= Thelargertheionicradius the more easily it will be distorted, for example

= Br-willbe more polarisable than CI”as the ionic radius is larger

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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= Aroughapproximation of the charge density can be determines by dividing the charge ,
by the square of itsionic radius and this can help us estimate the extent of covalent

character

charge density ~

2

charge

Your notes

Comparing the Covalent Character of NaCl and MgCl,

NaCl MgClL
Charge density of cation 1 " 2 _ =556
(0.095) (0.060)
Experimental lattice energy| — /30 —2526
(kJ mol™"
Theoretical lattice energy | —770 —-2326
(kd mol™")
Potential difference 1.28 7.92
Extent of covalent very little more than NaCl
character

1, SaveMyExams © 2026 Save My Exams, Ltd.

Get more and ace your exams at savemyexams.com

16


https://www.savemyexams.com/?utm_source=pdf

Enthalpy of Solution - Key Terms 4

Your notes

Enthalpy of Solution - Key Terms

Enthalpy of solution

= The standard enthalpy change of solution (A¢o/H) is the enthalpy change when Tmole of
anionic substance dissolves in sufficient water to form an infinitely dilute solution

= The symbol(aq)is usedto show that the solidis dissolved in sufficient water

= Forexample, the enthalpy changes of solution for potassium chloride are described
by the following equations:

KClI (s) + ag— KCl (aq)
OR
KCI(s) +aqg—K*(aq) + Cl~(aq)

= ASO,Hican be exothermic (negative) or endothermic (positive)

Enthalpy of hydration

= The standard enthalpy change of hydration (ApyqH) is the enthalpy change when1
mole of a specified gaseous ion dissolves in sufficient water to form an infinitely dilute
solution

= Forexample, the enthalpy change of hydration formagnesiumionsis described by
the following equation:

Mg?*(g) + aq— Mg?*(aq)

= Hydration enthalpies are the measure of the energy thatis released when thereis an
attraction formed between the ions and water molecules

= Hydration enthalpies are exothermic
= \Whenanionic solid dissolves in water, positive and negative ions are formed

= Wateris a polar molecule with a §- oxygen (O) atom and 6+ hydrogen (H) atoms which
willformion-dipole attractions with the ions present in the solution

= The oxygenatominwaterwill be attracted to the positive ions and the hydrogen atoms
will be attracted to the negative ions

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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o7 THE ELECTROSTATIC ,

/O\Y\ y ATTRACTION BETWEEN Your notes
N /////, THE K* AND THE CL”
IONS WEAKEN
ION-DIPOLE BONDS
FORM BETWEEN THE
WATER MOLECULES
AND THE ION
H6+
6+\5*
H"’O/
///, 5+H H6+
® o @i S
A \\\ I‘r/
S+ \\\\\ 5>H\\\\ ////Hé+
H\o\57
/ 5t HYDRATED K™
H AND CL” IONS

The polar water molecules will form ion-dipole bonds with the ions in solution causing the
ions to become hydrated

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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Enthalpy of Solution - Calculations 4

Your notes

Enthalpy of Solution - Calculations

Questions in this topic typically ask you to calculate the hydration enthalpy of one of the
ions, given the lattice enthalpy, enthalpy of solution and hydration enthalpy of the other
ion.

This can be done by constructing an appropriate energy cycle and using Hess's Law to
find the unknown energy value

The energy cycle above shows that there are two routes to go from the gaseousions to
theionsinanaqueous solution:

= Route 1. going from gaseousions — ionic solid — ions in aqueous solution (this is the
indirect route)

= Route 2: going from gaseousions — ionsinaqueous solution (this is the direct
route)

According to Hess’s law, the enthalpy change forboth routes is the same, such that:
Ahde§ = AIattH§ + Asong

Eachionwillhave its own enthalpy change of hydration, Athf, which willneed to be
takeninto account during calculations

= Thetotal Ahde§ is found by adding the AhdeE values of both anions and cations
together

o

Worked Example

Constructing an energy cycle for KCI

Calculate the enthalpy of hydration of the chloride ion given the following data:
AjaeeH= [KCI] = -711kI mol™

AsoH= [KCI] = +26 k) mol™!

ApyaH® [K*] = -322 k) mol ™!

Answer

Step 1: Draw the energy cycle and make Ap,gH[CI™] the subject of the formula:

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com
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< < < -
aHpg = Athd[K+] * aHy,4g[CL 1 [EACH ION HAS AN INDIVIDUAL ,
aHys VALUE — YOU HYDRATE K*

ION AND CL™ ION SEPARATELY Yournotes

<
Athd

K*g) + ClTlg) SRECT K*(aq) + Cl (aq)

-
aH =
latt AHsol

INDIRECT

KCl(s)

aHiyg = aHgy [KCLD + aHgy [KCLI

“aHp g ICUT = AL [KCL] + aHgy [KCLI = aHp 4 K™

Step 2: Substitute the values to find Ap,gH[CI]
DhygHICI] = (-711) + (+26) - (-322) = -363 k) mol-!
Alternative Diagram

= Youcanalsodraw aBorn-Haber cycle as an alternative approach to the same
problem
Energy level diagram:

aHpg = aHp g IKY1+ aHp 4ICL7)

K*(g) + Cl(g)

-
aH g

| ket N

I

©

aH

sol

b| K*aq) + criag |

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 20
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AHZ IKCU

sol

1 Your notes
K*(g) + Cl(g)

aHp e [KCLI
4| ke

I

© +
IND!Rﬁ T - LAHhvd[K ]
ROUTE K™ (aq) + Cl(g)

|DIRECT ROUTE |

I k(e + criaq |

hv4 AY4

=

SO... |abpK']

aHpg = [aHpe kel + | aHZ, Kl |
+ | aHp ter1| = [aHf, et] + | aHE txeu |

S=d

o |abpgter] = [aHptket] + | aHgkel | — [aHp (K]

o

Answer

1, SaveMyExams

Worked Example

Constructing an energy cycle and energy level diagram of MgCl,

Construct an energy cycle to calculate the Ahdegof magnesiumionsin magnesium
chloride, given the following data:

AjateH [MgClo] = -2592 k) mol™!
AgoH [MgC|2] =-55kJmol-!

ApygHI[CIT]=-363 k) mol-!

Step 1: Draw an energy cycle:

© 2026 Save My Exams, Ltd. Get more and ace your exams at savemyexams.com
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SINCE THERE ARE 2 MOLES OF ,
Cl”, THE HYDRATION ENTHALPY
(aMp,g) WILL BE DOUBLE Yournotes

aHpyg = aHp g Mg*1 + 2aH, 4 ICLIT]

o
|
Mg2*(g) + 2C[(g) | SRECT | Mg2*(aq) +@CL (aq) f

aHC I—F; &
\ NDRECT/

MgClL,(s)

AHﬁyd = AHEtt[MgCLz] + AHZ,;[MgClZ]
AHi-yd [Mg2*] + 2AHT:Yd[C|.—] = AHE“[MQCLZ] + AH:,l[MgClz]

“ aMpgIMg?*] = aHp [MgCLy] + aHg [MgClL,] = 2aHy 4ICLT]

Step 2: Substitute the values to find Athf [Mg?+]
AHpy 6" IMg2*] = (~2592) + (-55) - (2 -363) = ~1921 k) mol-!
Alternative route to find A, yH=[Mg?*]

= Hereisthe same solution using a Born-Haber cycle

| Ma(e) + 2¢Tq) |

F _
-AH (Mg?*]
= vl |ND|Rm | Mg (aq) + 2CL (g | e
aH 0 [MgCl,l ROUTE J (

J et
I [DIRECT ROUTE|

‘ Mg?*(aq) + 2Cl (aq) J

=
aH sol

[MgCL,]

~ ~

€

aHpg = 2Hp IMgCL] + aHZ, [MgCL,)

-2

aHy IMg?*1 + 2aH) ICIT = aHp, [MgCL,l + aHZ [MgCL;)

sol

-2

aHp o IMg?*1 = aHp, [MgClLl + aHZ, [MgCL]l — 2aH, ,ICI]

sol

=

Examiner Tips and Tricks

It doesn't matter whetheryou use Hess cycles or Born-Haber style cycles to solve
these problems aslong as the informationis correctly labelled and the direction of
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the arrows matches the definitions.Exam problems in this topic often show diagrams ,
with missing labels which you have to complete and find unknown values.The key to

successinenergy cycle calculationsis not to panic, but have a careful step-by-step Your notes
approach, show your workings and use brackets to separate mathematical

operations from the enthalpy changes.

Enthalpy of Solution - Predictions

= Whenanionic compound dissolvesin water, there are two changes that need to take
place

= Thelattice structure needs to be broken down and the ions must become hydrated

= The breaking down of the lattice structure is endothermic (equivalent to the reverse
lattice energy) it alsoresultsin anincreased number of moles of particles present,
therefore entropy willincrease

= The hydration of the ionsis an exothermic process but results in water molecules
becoming more ordered as they arrange themselves around the cations and anions

= Thisincreasingin order decreases the entropy of the water

= Therefore to explain why some ionic compounds are soluble and some are insoluble we
must consider both entropy and enthalpy changesinvolved

= Aswe have seen previously

AStot‘a/ =A Ssystem"’ A Ssurroundings
Andsince

S _ Asul[-[
A surroundings — ~ T

The expression canbecome

A solH

A Stol‘al= il ssystem - T

= Therefore the solubility of anionic solid depends upon three factors
» The entropy of the system, AS, e,
= The enthalpy change of solution, A;,H
= The temperature, inK, of the water, T
If we consider ammonium nitrate, NH,NOz (s), at 298 K
NH4NO3 (s) - NH,4* (aq) + NOz~ (aq)
= The enthalpy change of solution, A, H = +25.8 k] mol-!
= The temperature,inK, of the water, T=298 K
ASgystem = SINH4* (@)l + SINOz~ (aq)] - SINH4NO3 (s)]

=+113.4+146.4 -151.1
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=+108.7JK-Tmol-! ,

As __BH Your notes

surroundings T

+ 25800
298

=-86.6JK 'mol”!
= Therefore the total entropy is:
AStotal = A Ssystem+ A Ssurroundings
=+108.7 +(-86.6)
=+22.1JK 'mol™!

= |fthe entropy change is positive, asitis for dissolving ammonium nitrate in water at 298
K, then thisis thermodynamically spontaneous

= Theactivation energy (E,) for thisreactionis very low, we can conclude that at 298 K,
ammonium nitrate is soluble in water
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Enthalpy of Solution - lonic Charge & Radius ,

Your notes

Enthalpy of Solution - lonic Charge &
Radius

Factors affecting lattice enthalpy

= Thetwo key factors which affect lattice energy, AH,,¢+=, are the charge and radius of the
ions that make up the crystalline lattice

lonic radius
= Thelattice energy becomes less exothermic as the ionic radius of the ionsincreases

= Thisisbecause the charge ontheionsis more spread out over theion when theions are
larger

= Theions are also further apart from each otherin the lattice

= The attraction betweenionsis between the centres of the ionsinvolved, so the
biggertheions the bigger the distance between the centre of the ions

= Therefore, the electrostatic forces of attraction between the oppositely chargedions
inthe lattice are weaker

= Forexample, the lattice energy of caesium fluoride (CsF) is less exothermic than the
lattice energy of potassium fluoride (KF)

= Since both compounds contain a fluoride (F7) ion, the differenceinlattice energy
must be due to the caesium (Cs*)ionin CsF and potassium (K*)ionin KF

= Potassiumisa Group 1and Period 4 element
= CaesiumisaGroup 1and Period 6 element
= This meansthatthe Cs*ionislarger thanthe K*ion

= There are weaker electrostatic forces of attraction betweenthe Cs*and F~ions
comparedto K*and F ions

= Asaresult, the lattice energy of CsFis less exothermic than that of KF
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The lattice energies get less exothermic as the ionic radius of the ions increases

lonic charge

The lattice energy gets more exothermic as the ionic charge of the ions increases
The greater the ionic charge, the higher the charge density

This results in stronger electrostatic attraction between the oppositely chargedionsin
the lattice

As aresult, the lattice energy is more exothermic

Forexample, the lattice energy of calcium oxide (CaO) is more exothermic than the
lattice energy of potassium chloride (KCI)

= Calcium oxide is anionic compound which consists of calcium (Ca2*) and oxide
(O?)ions

= Potassium chloride is formed from potassium (K+) and chloride (Cl-) ions

= Theionsin calcium oxide have a greaterionic charge than the ionsin potassium
chloride

= This means that the electrostatic forces of attraction are stronger between the
Ca?*and O2- compared to the forces between K*and ClI-

= Therefore, the lattice energy of calcium oxide is more exothermic, as more energy is
released uponits formation fromits gaseousions
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= Ca2*and O2- are also smallerions than K+ and CI-, so this also adds to the value for ,
the lattice energy being more exothermic
Your notes

Factors affecting enthalpy of hydration

= Hydration enthalpies are exothermic as energy is given out as water molecules bond to
the metalions

= Thenegativeions are attracted to the 8+ hydrogens on the polar water molecules and
the positive ions are attracted to the §- oxygen on the polar water molecules

= The higher the charge density the greater the hydration enthalpy (e.g. smallerions orions
with larger charges) as the ions attract the water molecules more strongly, for example:

= Fluorideions, F~, have more negative hydration enthalpies than chloride ions, CI-

= Magnesiumions, Mg?*, have a more negative hydration enthalpy than bariumion, Ba%*
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