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15.1.1 Key Enthalpy Terms

Key Enthalpy Terms

Ionisat ion energy

The io nisatio n energy  (ΔH ) is the standard enthalpy change that o ccurs o n the remo val o f 1

mo le o f electro ns fro m 1 mo le o f gaseo us ato ms o r po sitively charged io ns

Io nisatio n energy is always endo thermic as energy is need to  o verco me the attractio n between

an electro n and the nucleus

The �rst io nisatio n energy (ΔH ) is the energy required to  remo ve o ne mo le o f electro ns fro m 1

mo le o f gaseo us ato ms o f an element to  fo rm 1 mo le o f 1+ io ns in the gaseo us phase

ΔH Al (g) → Al  (g) + e           ΔH = +57 7  kJ mo l

The seco nd io nisatio n energy (ΔH ) is the energy required to  remo ve 1 mo le o f electro ns fro m 1

mo le o f gaseo us 1+ io ns to  fo rm 1 mo le o f 2+ io ns in the gaseo us phase

ΔH Al  (g) → Al  (g) + e       ΔH = +1820 kJ mo l

Ent halpy of  At omisat ion

The enthalpy o f  ato misatio n (ΔH ) is the standard enthalpy change that o ccurs o n the

fo rmatio n o f 1 mo le o f separate gaseo us ato ms an element in its standard state

The ΔH is always endo thermic as energy is always required to  break any bo nds between the

ato ms in the element o r to  break the element into  its gaseo us ato ms

Since this is always an endo thermic pro cess, the enthalpy change will always have

a po sitive  value

Na (s) → Na (g)           ΔH  = +108 kJ mo l

½Cl  (g) → Cl (g)          ΔH  = +122 kJ mo l

Elect ron A� nit y

The electro n a�nity  (ΔH ) o f an element is the energy change when 1 mo le o f electro ns is

gained by 1 mo le o f gaseo us ato ms o f an element to  fo rm 1 mo le o f gaseo us io ns under standard

co nditio ns

Fo r example, the �rst electro n a�nity o f chlo rine is:

Cl (g)+ e  → Cl  (g)          ΔH = -364  kJ mo l

The �rst electro n a�nity  is always exo thermic  as energy is released when electro ns are

attracted to  the ato ms
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Ho wever, the seco nd electro n a�nity  o f an element can be endo thermic as illustrated by

o xygen:

O (g) + e  → O  (g)          ΔH = +84 4  kJ mo l

This is because a large fo rce o f repulsio n must be o verco me between the negatively charged io n

and the seco nd electro n requiring a large input o f energy

Lat t ice Ent halpy

The lattice enthalpy (ΔH ) is de�ned as the standard enthalpy change that o ccurs o n the

fo rmatio n o f 1 mo le o f gaseo us io ns fro m the so lid lattice

The ΔH is always endo thermic as energy is always required to  break any bo nds between the

io ns in the lattice

Since this is always an endo thermic pro cess, the enthalpy change will always have a po sitive

value

NaCl (s) → Na  (g) + Cl  (g)     ΔH  = +7 90 kJ mo l

Ent halpy of  Solut ion 

The standard enthalpy change o f  so lutio n (ΔH ) is the enthalpy change when 1 mo le o f an io nic

substance disso lves  in su�cient water to  fo rm an in�nitely dilute so lutio n

The symbo l (aq) is used to  sho w that the so lid is disso lved in su�cient water

ΔH  can be exo thermic (negative) o r endo thermic (po sitive)

LiBr (s) → LiBr (aq)    ΔH = -4 8.8 kJ mo l

KCl (s) → KCI (aq)      ΔH = +17.2 kJ mo l

CaCl (s) → CaCl  (aq)       ΔH = -82.8 kJ mo l

Ent halpy of  Hydrat ion

The standard enthalpy change o f  hydratio n (ΔH ) is the enthalpy change when 1 mo le o f a

speci�ed gaseo us io n disso lves in su�cient water to  fo rm an in�nitely dilute so lutio n

Mg (g) → Mg (aq)   ΔH = -1963 kJ mo l

Br (g) → Br (aq)          ΔH = -328 kJ mo l

Hydratio n enthalpies are the measure o f the energy that is released when there is an attractio n

fo rmed between the io ns and water mo lecules

Hydratio n enthalpies are exo thermic

The term so lvatio n is used in place o f hydratio n if water has been replaced by ano ther so lvent

When an io nic so lid disso lves in water, po sitive and negative io ns are fo rmed
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Water is a po lar mo lecule with a δ- o xygen (O) ato m and δ+ hydro gen (H) ato ms which will

fo rm io n-dipo le attractio ns with the io ns present in the so lutio n

The o xygen ato m in water will be attracted to  the po sitive io ns and the hydro gen ato ms will be

attracted to  the negative io ns

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

hydrated 
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15.1.2 Born-Haber Cycles

Constructing Born-Haber Cycles

A Bo rn-Haber cycle  is a speci�c applicatio n o f Hess's Law fo r io nic co mpo unds and enables us

to  calculate lattice enthalpy, which canno t be fo und by experiment

The basic principle o f drawing the cycle is to  co nstruct a diagram in which energy increases go ing

up the diagram

The basic principle of a Born-Haber cycle

The cycle sho ws all the steps needed to  turn ato ms into  gaseo us io ns and fro m gaseo us io ns

into  the io nic lattice

The alternative ro ute to  the io nic lattice begins fro m the enthalpy o f fo rmatio n o f the elements in

their standard states

Drawing t he cycle f or sodium chloride

A go o d starting po int is to  draw the elements with their state symbo ls abo ut a third o f the way up

the diagram

This is sho wn as the left hand side o f the equatio n fo r the pro cess indicated

The lo catio n is marked by drawing a ho riz o ntal bar o r line which represents the starting energy

level
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Drawing a Born-Haber cycle step 1

Next, we need to  create the gaseo us io ns

This is a two  step pro cess o f �rst creating the gaseo us ato ms and then turning them into  io ns

Creating gaseo us ato ms is a bo nd breaking pro cess, so  arro ws must be drawn upwards

It do esn’t matter whether yo u start with so dium o r chlo rine

The enthalpy o f ato misatio n o f so dium is

Na (s) → Na (g)           ΔH  = +108 kJ mo l

The enthalpy o f ato misatio n o f chlo rine is

½Cl  (g) → Cl (g)       ΔH = +121 kJ mo l

We can sho w the pro ducts o f the pro cess o n the ho riz o ntal lines and the energy value against a

vertical arro w co nnecting the energy levels
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Drawing a Born-Haber cycle step 2 – creating the gaseous atoms

No w that the io ns are created:

The so dium io n lo ses an electro n, so  this energy change is the �rst io nisatio n energy fo r so dium

Na (g) → Na  (g) + e ΔH = +500 kJ mo l

The change is endo thermic so  the directio n co ntinues upwards

The chlo rine ato m gains an electro n, so  this is electro n a�nity

Cl (g) + e → Cl  (g)           ΔH = -364  kJ mo l

The exo thermic change means this is do wnwards

The change is displaced to  the right to  make the diagram easier to  read
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Drawing a Born-Haber cycle step 3 – creating the gaseous ions

The two  remaining parts o f the cycle can no w be co mpleted

The enthalpy o f fo rmatio n o f so dium chlo ride is added at the bo tto m o f the diagram

Na(s) + ½Cl (g) → NaCl (s)            ΔH  = -4 11 kJ mo l

This is an exo thermic change fo r so dium chlo ride so  the arro w po ints do wnwards

Enthalpy o f fo rmatio n can be exo thermic o r endo thermic, so  yo u may need to  sho w it abo ve the

elements (and displaced to  the right) fo r a endo thermic change

The �nal change is lattice enthalpy, which is sho wn as the change fro m so lid to  gaseo us io ns. This

means the arro w must po int upwards. Fo r so dium chlo ride, the equatio n is

NaCl (s) → Na (g) + Cl (g)    ΔH
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Drawing a Born-Haber cycle step 4 – completing the cycle

The cycle is no w co mplete

The cycle is usually used to  calculate the lattice enthalpy o f an io nic so lid, but can be used to  �nd

o ther enthalpy changes if yo u are given the lattice enthalpy
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Worked example

Co nstructing a Bo rn-Haber cycle f o r KCl

Co nstruct a Bo rn-Haber Cycle which can be used to  calculate the lattice energy o f po tassium

chlo ride.

Answer
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Worked example

Co nstructing a Bo rn-Haber cycle f o r MgO

Co nstruct a Bo rn-Haber Cycle which can be used to  calculate the lattice energy o f magnesium

o xide.
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Answer

Exam T ip

When co nstructing Bo rn-Haber cycles, the directio n o f the changes is impo rtant, but the relative

siz e o f the steps do es no t matter so  do n’t wo rry if the steps do n’t co rrespo nd to  the magnitude

o f the energy changes.Yo u do n’t need to  sho w the energy axis in a Bo rn-Haber cycle, but yo u do

need to  sho w the electro n(s) in the io nisatio n step o therwise yo u might lo se marks in an exam.
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15.1.3 Born-Haber Cycle Calculations

Born-Haber Cycle Calculations

Once a Bo rn-Haber cycle has been co nstructed, it is po ssible to  calculate the lattice energy

(ΔH ) by applying Hess’s law and rearranging:

ΔH = ΔH + ΔH + IE + EA - ΔH

If we simplify this into  three terms, this makes the equatio n easier to  see:

ΔH

ΔH

ΔH (the sum o f all o f the vario us enthalpy changes necessary to  co nvert the elements in their

standard states to  gaseo us io ns)

The simpli�ed equatio n beco mes:

ΔH = ΔH  - ΔH

So , if we rearrange to  calculate the lattice energy, the equatio n beco mes

ΔH = - ΔH  + ΔH

When calculating the ΔH , all o ther necessary values will be given in the questio n

A Bo rn-Haber cycle co uld be used to  calculate any stage in the cycle

Fo r example, yo u co uld be given the lattice energy and asked to  calculate the enthalpy

change o f fo rmatio n o f the io nic co mpo und

The principle wo uld be exactly the same

Wo rk o ut the direct  and indirect ro ute  o f the cycle (the stage that yo u are being asked to

calculate will always be the direct ro ute)

Write o ut the equatio n in terms o f enthalpy changes and rearrange if necessary to  calculate

the required value

Remember: so metimes a value may need to  be do ubled o r halved, depending o n the io nic so lid

invo lved

Fo r example, with MgCl  the value fo r the �rst electro n a�nity o f chlo rine wo uld need to  be

do ubled in the calculatio n, because there are two  mo les o f chlo rine ato ms

Therefo re, yo u are adding 2 mo les  o f electro ns to  2 mo les  o f chlo rine ato ms, to  fo rm 2

mo les  o f chlo ride io ns, i.e. 2Cl
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Worked example

Calculating the lattice energy o f  KCl

Given the data belo w, calculate the ΔH  o f po tassium chlo ride (KCl)

Answer

Step 1: Co nstruct the Bo rn-Haber cycle

latt
�
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Step 2: Applying Hess’ law, the lattice energy o f KCl is:

ΔH  = -ΔH  + ΔH

ΔH  = -ΔH  + [(ΔH  K) + (ΔH  Cl) + (IE  K) + (EA  Cl)]

Step 3: Substitute in the numbers:

ΔH  = -(-4 37 ) + [(+90) + (+122) + (+4 18) + (-34 9)] = 7 18 kJ mo l
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Worked example

Calculating the lattice energy o f  MgO

Given the data belo w, calculate the o f ΔH magnesium o xide o f magnesium o xide (MgO)

Answer

Step 1: Co nstruct the Bo rn-Haber cycle

latt
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Step 2: Applying Hess’ law, the lattice energy o f MgO is:

ΔH  = -ΔH  + ΔH

ΔH  = -ΔH  + [(ΔH  Mg) + (ΔH  O) + (IE  Mg) + (IE  Mg) + (EA  O) + (EA  O)]

Step 3: Substitute in the numbers:

ΔH  = -(-602) + [(+14 8) + (+24 8) + (+7 36) + (+14 50) + (-14 2) + (+7 7 0)]

= 3812 kJ mo l
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Size & Charge of Ions & Lattice Enthalpy

Fact ors a�ect ing lat t ice ent halpy

The two  key facto rs which a�ect lattice energy, ΔH , are the io nic charge and io nic radii o f the

io ns that make up the crystalline lattice

Ionic Radius

The radius o f the anio n increases as yo u mo ve do wn a gro up

As the distance between the bo nded io ns increases, the strength o f the electro static attractio n

decreases

This is re�ected by a decrease in the lattice enthalpy

The lattice enthalpy beco mes  less po sitive o r less endo thermic  as the io nic radius o f the

io ns increases

This is because the charge o n the io ns is mo re spread o ut o ver the io n when the io ns are larger

The io ns are also  further apart fro m each o ther in the lattice

The attractio n between io ns is between the centres o f the io ns invo lved, so  the bigger the

io ns the bigger the distance between the centre o f the io ns

Therefo re, the electro static f o rces o f attractio n between the o ppo sitely charged io ns in the

lattice are weaker

Fo r example, do wn gro up 17, the io nic radii increases which directly in�uences the lattice enthalpy

Lattice enthalpies o f  so dium halides

Ionic Charge

Increasing the io nic charge will result in an increased attractio n between o ppo sitely charged io ns

This will increase the energy required to  break the lattice apart, and therefo re increase the lattice

enthalpy (beco mes mo re po sitive  o r mo re endo thermic)

The greater the io nic charge, the higher the charge density

lat
�
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This results in stro nger electro static attractio n between the o ppo sitely charged io ns in the

lattice

As a result, the lattice enthalpy is mo re endo thermic

Fo r example, the lattice energy o f calcium o xide (CaO) is mo re endo thermic than the lattice

energy o f po tassium chlo ride (KCl)

Lattice enthalpies with varying io nic charges and radii
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15.1.4 Dissolution Energy Cycles

Dissolution Energy Cycles

How are ent halpy of  solut ion and hydrat ion ent halpies relat ed?

The relationship between lattice enthalpy, hydration enthalpies and enthalpy of solution

Fro m the diagram we can see that the relatio nship is

Enthalpy o f  so lutio n = lattice enthalpy + hydratio n enthalpy

The hydratio n enthalpy is the sum o f the hydratio n enthalpies o f each io n

If there is mo re than o ne catio n o r anio n, such as in MgCl , then yo u must multiply by the

appro priate co e�cient fo r that io n

2
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Calculations from Dissolution Cycles

In o rder to  calculate either ΔH , ΔH  o r ΔH fro m given data we must apply Hess's Law

Energy cycle showing the application of Hess's Law to sodium chloride

The energy cycle sho ws that there are two  ro utes to  go  fro m the gaseo us io ns to  the io ns in an

aqueo us so lutio n:

Ro ute 1: go ing fro m io nic so lid → io ns is the gaseo us phase → io ns in aqueo us so lutio n

(this is the indirect ro ute)

Ro ute 2: go ing fro m io nic so lid  →  io ns in aqueo us so lutio n (this is the direct ro ute)

Acco rding to  Hess’s law, the enthalpy change fo r bo th ro utes is the same, such that:

ΔH = ΔH  + ΔH

Each io n will have its o wn enthalpy change o f hydratio n, ΔH , which will need to  be taken into

acco unt during calculatio ns

The hydratio n enthalpy is the sum o f the hydratio n enthalpies o f each io n

The to tal ΔH  is fo und by adding the  ΔH  values o f bo th anio ns and catio ns to gether

If there is mo re than o ne catio n o r anio n, such as in MgCl , then yo u must multiply by the

appro priate co e�cient fo r that io n

This can also  be represented as a Bo rn-Haber cycle with the same direct and indirect ro ute
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Born-Haber cycle for sodium chloride

Worked example

Calculate the enthalpy change o f so lutio n ΔH o f calcium �uo ride, CaF using the fo llo wing

data:

ΔH CaF = +2651 kJ mo l

ΔH Ca = -1616 kJ mo l

ΔH F = -504 kJ mo l

Answer:

Optio n 1 - Drawn as a Hess's Law cycle:
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CaF₂ Hess’s Law Cycle

It is po ssible to  co mplete this questio n by drawing a Bo rn-Haber cycle, but examiners see

mistakes mo re o ften o n hydratio n and so lutio n enthalpy questio ns when they are co mpleted

using a Bo rn-Haber cycle.

Optio n 2 - Drawn as a Bo rn-Haber cycle:
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CaF₂ B-H cycle

Worked example

Calculate the value o f the enthalpy o f hydratio n, ΔH , fo r the NH  io n using the fo llo wing data:

ΔH NH Cl = +705 kJ mo l

ΔH NH Cl = +14.78 kJ mo l

ΔH Cl = -359 kJ mo l

Answer:

Drawn as a Hess's Law cycle:
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Exam T ip

Exam pro blems in this to pic o ften sho w diagrams with missing labels which yo u have to  co mplete

and �nd unkno wn values.The key to  success in energy cycle calculatio ns is no t to  panic, but have

a careful step-by-step appro ach, sho w yo ur wo rkings and use brackets to  separate

mathematical o peratio ns fro m the enthalpy changes.
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Size & Charge of Ions & Hydration Enthalpy

Hydratio n enthalpies are always negative  values (exo thermic)

When an io nic so lid disso lves in water, po sitive and negative io ns are fo rmed

Water is a po lar mo lecule with a δ- o xygen (O) ato m and δ+ hydro gen (H) ato ms which will

fo rm io n-dipo le attractio ns with the io ns present in the so lutio n

The o xygen ato m in water will be attracted to  the po sitive io ns and the hydro gen ato ms will be

attracted to  the negative io ns

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

hydrated 

The siz e o f the hydratio n enthalpy is go verned by the amo unt o f attractio n between the io ns and

the water mo lecules

The smaller the io n, the stro nger the attractio n between the io ns and the water mo lecules

As yo u go  do wn a gro up, the io nic radius increases so  attractio n decreases and the the

hydratio n enthalpy will beco me less exo thermic

Overall, a smaller io n gives a mo re exo thermic hydratio n enthalpy
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The mo re highly charged the io n; the stro nger the attractio n

The hydratio n enthalpies o f 2+ io ns in gro up 2 are much mo re exo thermic than tho se o f 1+ io ns

in gro up 1 as the attractio n between the 2+ io ns and the water mo lecules is stro nger

Overall, a greater charge o n the io n gives a mo re exo thermic hydratio n enthalpy

Hydratio n enthalpies o f  gro up 1 and gro up 2 io ns
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15.1.5 Energy Changes in Aqueous Solutions

Measuring Energy Changes in the Lab

Ent halpies of  Solut ion

Calo rimetry can be used to  �nd the energy change in chemical reactio ns.

This is much easier to  carry o ut in aqueo us so lutio ns

We can take di�erent io nic co mpo unds in the so lid phase and disso lve them in water to

determine lattice enthalpy

We must kno w:

The mass o f water used

The mass o f so lid used, so  reco rding the mass o f the weighing vessel sho uld be taken

befo re and after

The temperature o f the water sho uld be reco rded fo r a minimum perio d o f 2 minutes befo re the

so lid is added

Once the so lid is added then the temperature can be reco rded every 30 seco nds fo r 10 minutes

If the reactio n is exo thermic, the temperature will increase

If the reactio n is endo thermic, the temperature will decrease

The highest o r lo west temperature reco rded will be used to  measure the di�erence in

temperature

Fo r example, if the initial temperature o f the water is 22.4 C and the lo west temperature

reco rded was 12.6  C the temperature change wo uld be 9.8  C

o

o o
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The energy needed to  increase the temperature o f 1 g o f a substance by 1  C is called the speci�c

heat capacity (c) o f the liquid

The speci�c heat capacity o f water is given in the data bo o klet as 4.18 J g  K

The energy transferred as heat can be calculated by:

Equation for calculating energy transferred in a calorimeter

Once we kno w Q fro m the abo ve equatio n, we can calculate the enthalpy change fo r the reactio n

Enthalpy o f so lutio n can be calculated by wo rking o ut the energy change per mo le o f co mpo und

Remember, in the equatio n temperature change is required, i.e. the di�erence between the �rst

reading and the highest / lo west reading

o

-1 -1
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Therefo re, the units fo r temperature do  no t matter as the change will still be the same in C o r

K

Experiment  1: Addit ion of  Am m onium  Chloride and Sodium  Iodide

Sample data for the reaction of ammonium chloride, NH Cl, and sodium iodide, NaI, with water

To  calculate an experimental value fo r enthalpy change o f the reactio n, ΔH, we can fo llo w the same

basic steps:

Step 1: Co mpile the relevant impo rtant info rmatio n:

Mass o f water used in experiment = 100 g

Temperature change = 13.8 C (endo thermic reactio n)

Mass o f NH Cl = 20.05 g

Mo lar mass o f NH Cl = 53.50 g mo l

Step 2: Calculate the energy change fo r the reactio n:

Q = mcΔT

Q = 100 x 4.18 x 13.8

Q = 5768 J

Step 3: Calculate the number o f mo les o f NH Cl

Mo les = mass / mo lar mass

Mo les o f NH Cl = 20.05 / 53.50

Mo les o f NH Cl = 0.3747 mo les
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Step 4: Calculate the energy change per mo le o f co mpo und:

ΔH  = Q / mo les

ΔH = 5768 / 0.3747

ΔH = 15390.9226 J mo l

Therefo re, in kJ mo l , the enthalpy change, ΔH, is +15.39 kJ mol

The data bo o k value fo r the enthalpy o f so lutio n, ΔH  o f NH Cl is +14 .7 8 kJ mol

The same calculatio ns can be do ne fo r so dium io dide

Errors in t his met hod

Erro rs in the metho d will lead to  a di�erence in the data bo o k value and the experimental value

Fo r this metho d, so me o f these erro rs are:

Energy transfer to  the surro undings (usually lo ss)

This is the largest and mo st o bvio us erro r

Appro ximatio n in speci�c heat capacity o f water

This metho d assumes all so lutio ns have the heat capacity o f water

Neglecting the speci�c heat capacity o f the calo rimeter

The metho d igno res that the apparatus will abso rb energy

An inco mplete o r slo w reactio n

Density o f the so lutio n is taken to  be the same as water

A data lo gger co uld be used in this metho d to  reco rd the temperature fo r this metho d which

wo uld co nsiderably reduce the so urce o f uncertainty

So me so lids also  will abso rb mo isture fro m the atmo sphere

This partly hydrates the so lid and also  e�ects the mo lar mass o f the co mpo und

Data bo o k values will refer to  'in�nite dilutio n' whereas the so lutio ns pro duced in this metho d are

quite co ncentrated

Experiment  2: Addit ion of  Z inc Powder t o Copper(II) Sulf at e

The same calo rimetry metho d can be used to  reco rd the temperature changes and therefo re the

ΔH fo r the reactio n

A kno wn mass o f z inc, Zn, is added to  50 cm  o f 1.00 mo l dm  co pper(II) sulfate so lutio n,

CuSO  (aq), and the temperature is reco rded every 30 seco nds fo r at least 10 minutes

A graph can be drawn fro m the data which sho ws a maximum reco rded temperature o f ΔT = 35.2

C
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Temperature change for the reaction of zinc with copper(II) sulfate

Ho wever, we need to  extrapo late the graph to  when the z inc was added which gives ΔT as ro ughly

37 C

Impo rtant info rmatio n

Vo lume o f 1.00 mo l dm  CuSO used in experiment = 50 cm

Temperature change = 37 C (exo thermic reactio n)

Mass o f weighing bo ttle and Zn = 6.087 g

Mass o f weighing bo ttle after emptying = 1.064 g

Mo lar mass o f Zn = 65.38 g mo l

Fo r this experiment, it is slightly di�erent as there must be a limiting reagent

In o rder to  identify this, we must calculate the number o f mo les o f Zn and CuSO

Mo les = mass / mo lar mass

Mo les o f Zn = 5.023 / 65.38

Mo les o f Zn = 0.0768 mo les

Mo les = co ncentratio n x vo lume (dm )

Mo les o f CuSO  = 1.00 x 0.050

Mo les o f CuSO   = 0.050 mo les

Therefo re, the CuSO is the limiting reagent and sho uld be used to  calculate ΔH fo r the reactio n

Calculate the energy change, Q:

Q = mcΔT

Q = 50 x 4.18 x 37

Q = 7 7 33 J
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Calculate ΔH:

ΔH = - Q / mo les o f CuSO , using -Q as it is an exo thermic reactio n

ΔH = - 7733 / 0.050

ΔH = -154660 J mo l

ΔH = -154 .6 kJ mo l

Worked example

Calculate the energy change per mo le fo r a reactio n where 25 cm  o f 2.00 mo l dm  hydro chlo ric

acid was neutralised by 25 cm  o f 2.00 mo l dm  so dium hydro xide. The temperature increased

by 13.5 C.

Answer:

Step 1: Write an equatio n fo r the reactio n o ccurring

HCl + NaOH → NaCl + H O

Step 2: Calculate the energy change fo r the amo unt o f reactants in the reactio n vessel

(remember that the mass equals the mass o f acid and alkali)

Q = mcΔT

Q = 50 x 4.18 x 13.5

Q = 2821.5 J

Step 3: Calculate the number o f mo les o f HCl (remember that neutralisatio n has o ccurred)

Mo les o f HCl = co ncentratio n x vo lume (dm )

mo les o f HCl = 2 x 0.025

mo les o f HCl = 0.05 mo les

Step 4 : Calculate ΔH, using -Q as it is an exo thermic reactio n

ΔH = - Q / mo les o f HCl

ΔH = - 2821.5 / 0.05

ΔH = -56430 J mol

ΔH = -56.4  kJ mo l

4

-1

-1

3 -3

3 -3

o

2

3

-1

-1

Page 32 of 32
For more help visit our website www.exampaperspractice.co.uk


