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1.2.1Reacting Masses

Reacting Masses & Limiting Reactants

= The numberofmoles of asubstance canbe found byusingthe followingequation:

mass of substance in grams

number of moles = —
molar mass (g mol™1)

= |tisimportantto be clearabout the type of particle you are referringto whendealingwithmoles
u Eg.]moleofCancontainsonemoleofCanformuIaunits,butonemoIeofCa2+andtwo
moles of FTions

Reacting masses

= The masses ofreactants are usefulto determine how much of the reactants exactly react with
eachotherto preventwaste

= To calculate thereactingmasses, the chemicalequationis required

= This equationshows theratio of moles of allthe reactants and products, also called the
stoichiometry, of thereaction

= To find the mass of products formed inareactionthe following pieces ofinformationare
needed:
= The mass of thereactants
= The molarmass of thereactants
= The balanced equation

@ Worked example

Calculate the mass of magnesiumoxide that canbe made bycompletelyburning 6.0 gof
magnesiumin oxygen.

magnesium (s) + oxygen (g) —» magnesiumoxide (s)

Answer:
Step 1: The symbolequationis:

2Mg(s) + O2(g) — 2MgO(s)
Step 2:Therelative atomic masses are:

magnesium:24.31 oxygen:16.00
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Step 3:Calculate the moles of magnesiumused inreaction

6.0g
number of moles = = 0.25 mol
2431 gmol™r —

Step 4:Find the ratio of magnesiumto magnesiumoxide using the balanced chemical

equation

Therefore,0.25 molofMgOis formed
Step 5:Find the mass of magnesiumoxide
mass =molx M
mass=0.25molx40.31gmol!
mass=10.08g
Therefore,mass of magnesiumoxide producedis10 g(2sigfigs)

Excess &limitingreactants

= Sometimes,thereis anexcess of one ormore of thereactants (excessreactant)
= Thereactantwhichisnotinexcessis called the limitingreactant
= To determine whichreactantis limiting:
= The numberofmoles ofthereactants should be calculated
= Theratio of thereactants showninthe equationshould be takeninto account eg:

C +2H, — CHg4
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What is limiting when 10 mol of carbon are reacted with 3 mol of hydrogen?

= Hydrogenis the limitingreactant and since the ratio of C:Hyis 1:2only1.5 molof C willreact with 3
molofHsy

O ExamTip

Aneasywayto determine the limitingreactantis to find the moles of each substance and divide
the moles bythe coefficientinthe equationThe lowest numberresultingis the limitingreactant

= |nthe example above:
= divide 10 moles of C by1,giving10
= divide 3moles of Hby?2,giving15,so hydrogenis limiting

@ Worked example
9.2gofsodiummetalisreacted with8.0 gofsulfurto produce sodiumsulfide,NayS.Which
reactantisinexcess and whichis limiting?

Answer:

Step 1: Calculate the moles of eachreactant

2
number of moles (Na) = —g_ = 0.40 mol
22.99 g mol~1

.0
number of moles (S) = 9 — = 0.25 mol
32.07 g mol~1

Step 2: Write the balanced equationand determine the coefficients
2Na+S —Na,S
Step 3:Divide the moles by the coefficient and determine the limitingreagent

= divide 0.40 moles of Naby2,giving 0.20-lowest
= divide 0.25moles of Sby1,giving 0.25

Therefore,sodiumis limiting and sulfuris inexcess
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1.2.2ReactionYields

ReactionYields
Percentageyield

= |nalotofreactions,notallreactantsreactto formproducts whichcanbe due to severalfactors:
= Otherreactions take place simultaneously
= Thereactiondoesnotgo to completion
= Products arelost during separationand purification

= The percentageyield shows how muchofaparticularproductyougetfromthereactants
compared to the maximum theoreticalamount that you can get:

” old = actual yield -
POrCRde yield = theorectical yield :

= The actualyield is the numberof moles ormass of product obtained experimentally
= Thetheoreticalyield is the numberof moles ormass obtained byareacting mass calculation

@ Worked example

Inanexperimentto displace copperfromcopper(ll)sulfate, 6.5 gofzinc was added to anexcess
of copper(ll)sulfate solution.The resulting copperwas filtered off, washed and dried.The mass
of copperobtained was 4.8 g.Calculate the percentage yield of copper.
Answer:
Step 1: The symbol equationis:
Zn(s) + CuSO4(agq) — ZnSO4(aq) +Cu(s)

Step 2:Calculate the amount of zinc reacted inmoles

6.5
number of moles = — 229 =0.10 mol
65.38 g mol—1

Step 3: Calculate the maximumamount of copperthat could be formed fromthe molarratio:

Sincetheratio of Zn(s) to Cu(s) is 1:1a maximum of O.10 moles can be produced
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Step 4: Calculate the maximum mass of copperthat could be formed (theoretical yield)
mass = mol x M
= 0.10 molx 63.55gmol-!
= 6.49g(2sigfigs)

Step 5: Calculate the percentage yield of copper

. 489
percentage yield = 1g x 100 = 75%

Page 5 of 35
For more help visit our website www.exampaperspractice.co.uk



£l

Exam Papers Practice

1.2.3 Avogadro's Law & Molar Gas Volume

Avogadro's Law
Volumes of gases

= [n18T1the Italianscientist Amedeo Avogadro developed atheoryabout the volume of gases
= Avogadro’slaw (also called Avogadro’s hypothesis)enables the moleratio of reactinggases
to be determined fromvolumes of the gases
= Avogadro deduced that equalvolumes of gases must containthe same numberof molecules
= Atstandard temperature and pressure(STP) one mole of anygas has avolume of 22.7 dm3
= The units are normally written as dm3mol-I(since itis 'permole’)
= Theconditions of STPare
= atemperature of 0° C (273 K)
= pressure of 100 kPa

Stoichiometricrelationships

= Thestoichiometryofareactionand Avogadro's Law canbe used to deduce the exact
volumes of gaseous reactants and products
* Eg.inthe combustionof50 cm®of propane, the volume of oxygenneeded is (5x50) 250
cm?3,and (3x50)150 cm®of carbondioxide is formed, using the ratio of propane: oxygen:
carbondioxide,whichis 1:5: 3 respectively,as seeninthe equation

C3Hg (g) + 502 (9) > 3CO2(g) +4H20 (1)

= Rememberthatif the gas volumes are notinthe same ratio as the coefficients thenthe amount of
productis determined bythe limitingreactant so itis essentialto identifyitfirst

@ Worked example

What is the total volume of gases remainingwhen 70 cm?of ammoniais combusted completely
with50 cm®of oxygenaccordingto the equation shown?

4NH3 (g)+ 502 (g9)—4NO (g)+ 6H0 (1)

Answer:

Step 1. Fromthe equationdeduce the molarratio of the gases,whichis NH3:0, :NO or4:5:4
(wateris notincluded asitisinthe liquid state)
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Step 2:We cansee that oxygenwill run out first (the limiting reactant) and so 50 cm3of O,
requires 4/5x50 cm3ofNH3zto react=40cm3

Step 3:Using Avogadro's Law,we cansay40 cm3of NO willbe produced
Step 4:There willbe 0f 70-40 =30 cm3of NHzleft over

Therefore the total remaining volume willbe 40 + 30 =70 cm3 of gases

O Exam Tip

Since gas volumes work inthe same wayas moles,we canuse the 'lowest is limiting' technique in
limitingreactant problems involving gas volumes.This canbe handyif you are unable to spot
which gas reactantis goingto runout first.Divide the volumes of the gases by the cofficients and
whichevergives the lowest numberis the limiting reactant

= E.g.inthe previous problemwe cansee that
= ForNHz70/4 gives 17.5
= ForO;,50/5gives 10,s0 oxygenis limiting
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Molar Gas Volume

= The molar gas volume of 22.7 dm3mol-canbe used to find:
= Thevolume of agivennumberofmoles of gas:

volume of gas (dm3) = amount of gas (mol) x 22.7 dm? mol-!
= The numberofmoles of agivenvolume of gas:

volume of gas in dm?®
22.7 dm3 mol™1

amount of gas (moles) =

= Therelationships canbe expressed usingaformulatriangle

To use the gas formula triangle cover the one you want to find out about with your fingerand follow the
instructions

@ Worked example

Whatis the volume occupied by 3.0 moles of hydrogenatstp?

Answer:

volume of gas (dm3) = amount of gas (mol) x 22.7 dm? mol-!
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3.0molx22.7dm3mol'=68 dm3

® Worked example

How manymoles are inthe followingvolumes of gases?

1.7.2dm3of carbonmonoxide
2.960cm3of sulfurdioxide

Answerl:
Use the formula:
of I volume of gas in dm®
amount of gas (moles) =
gas ( ) 22.7 dm3 mol—1
t of I St 0.32 mol
amount of gas (moles) = =0.32 mo
gas ( ) 22.7dm3 mol—1
Answer2:

Step 1: Convert the volume fromcm3to dm3
960/1000=0.960dm?3
Step 2:Use the formula

0.960 dm?

t of les) = =4.22 x 102 mol
amount of gas (moles) 227 dm3 mol-1 X mo
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.4 The Ideal Gas Equation

Ideal Gas Equation

Kinet

Th

ictheoryof gases

The kinetic theory of gases states that molecules ingases are constantlymoving

e theorymakes the followingassumptions:
The gas molecules are movingveryfastand randomly
The molecules hardly have anyvolume
The gas molecules do notattract orrepeleach other(no intermolecular forces)
No kinetic energyis lost whenthe gas molecules collide witheach other(elastic collisions)
The temperature of the gas is directly proportional to the average kinetic energy of the
molecules

= Gases thatfollow the kinetic theoryof gases are called idealgases

= However, inrealitygases do not fit this description exactlybut maycome veryclose and are
calledrealgases

= Thevolume thatagas occupies dependson:

Its pressure
Its temperature

Idealgasequation

= Theidealgas equationshows the relationship between pressure,volume, temperature and
numberofmoles of gas of anideal gas:

PV =nRT

P =pressure (pascals, Pa)
V =volume (m?3)
n=numberofmoles of gas (mol)

R=gas constant (8.31JK'mol™)

T =temperature (Kelvin, K)

= Theidealgas equationcanalso be used to calculate the molarmass (M) of agas
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@ Worked example
Calculate the volume,indm3, occupied by 0.781molof oxygenat apressure of 220 kPaand a
temperature of 21°C.

Answer:

Step 1:Rearrange the ideal gas equation to find volume of the gas

Step 2:Convertinto the correct units and calculate the volume the oxygen gas occupies
p=220kPa=220 000 Pa
n=0.781mol
R=8.31JK'mol
T=21°C=294K

0.781mol x 831 J K~ 'mol™1 x 294 K
220 000 Pa

=0.00867 m?

=8.67dm3

O Exam Tip

Aword about units...Students oftenmess up gas calculations by getting theirunit conversions
wrong, particularly from cm®to m3. Think about what a cubic metre actuallyis - a cube withsides 1
morl00 cmlong.The volume of this cube is 100 x100x100 =1000 000 or10% cm3So whenyou
convert fromm3to cm3 you MULTIPLY by 104 and whenyou convert from ecm3 to m3 you DIVIDE
by 10% (ormultiply by 10 whichis the same thing)
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@ Worked example

Calculate the pressure of agas,inkPa, giventhat 0.20 moles of the gas occupy10.1dm3at a
temperature of 25 °C.

Answer:

Step 1:Rearrange the ideal gas equation to find the pressure of the gas

Step 2: Convert to the correct units and calculate the pressure
n=0.20 mol
V=101dm>=0.0101m>=10.1x10>m?
R=8.31JK mol

T=25°C=298K

0.20mol x 831 J K~ 'mol™1 x 298K
10.1 X 1073 m3

P =

P=49037Pa=49 kPa(2sigfigs)

@ Worked example

Calculate the temperature of agas, in°C,if 0.047 moles of the gas occupy1.2dm?at a pressure
of100 kPa.

Answer:

Step 1: Rearrange the ideal gas equation to find the temperature of the gas
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Step 2: Convert to the correctunits and calculate the pressure
n=0.047 mol
V=12dm3=0.0012m3=12x103m3
R=8.31JK mol

P=100kPa=100 000 Pa

100 000 X 1.2 x 1073 m3
0.047 mol X 8.31 ] K" 1mol™1

T=307.24K=34.24°C=34°C (2sigfigs)

@ Worked example

Aflask of volume 1000 cm3contains 6.39 gof agas.The pressure inthe flask was 300 kPaand
the temperature was 23 °C.Calculate the molarmass of the gas.
Answer:

Step 1: Rearrange the ideal gas equation to find the numberof moles of gas

_ PV
= RT

Step 2:Convert to the correctunits and calculate the numberof moles of gas

P=300kPa=300000Pa

V=1000¢cm3=0.001m3=1.0x 1073 m?
R=8.31JK 'mol”
T=23°C =296K

300 000 Pa x1x 1073 m?3
831 J K 1mol~1x 296 K

n=0.12 mol

Step 3:Calculate the molarmass using the numberof moles of gas

Page 13 of 35
For more help visit our website www.exampaperspractice.co.uk



=l

Exam Papers Practice

mass
molar mass = ——
moles
M 6399 53 I (2 sig fi
= — = mol- sig figs
0.12 mol 9 (2sig figs)

Q Exam Tip

To calculate the temperature in Kelvin,add 273 to the Celsius temperature,eg.100 °Cis 373
Kelvin.
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1.2.5 Gas Law Relationships

Gas Law Relationships

= Gasesinacontainerexertapressure as the gas molecules are constantly colliding with the walls
of the container

Gas particles exert a pressure by constantly colliding with the walls of the container
Changing gasvolume

= Decreasingthe volume (at constanttemperature) of the containercauses the molecules to be
squashed togetherwhichresults inmore frequent collisions with the containerwall
= The pressure of the gasincreases
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Decreasing the volume of a gas causes an increased collision frequency of the gas particles with the
containerwall

The pressure is therefore inversely proportional to the volume (at constant temperature)
This is known as Boyle's Law
Mathematically,we sayP «1/VorPV =aconstant
We canshow a graphicalrepresentationof Boyle's Law inthree different ways:
= Agraphofpressure of gas plotted against1/volume gives astraightline
= Agraphofpressure against volume gives acurve
= AgraphofPVversus P gives astraightline
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Three graphs that show Boyle’s Law

Changing gastemperature

Whenagasis heated (at constant pressure) the particles gain more kinetic energy and undergo
more frequent collisions with the containerwalls

To keep the pressure constant, the molecules must get furtherapart and therefore the volume
increases

The volumeis therefore directly proportionalto the temperature inKelvin(at constant
pressure)

This is known as Charles' Law

Mathematically,V «T orV/T =aconstant

A graphofvolume againsttemperature inKelvingives a straight line
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Increasing the temperature of a gas causes an increased collision frequency of the gas particles with the
containerwall (a); volumeis directly proportional to the temperature in Kelvin (b)

Changing gaspressure

= Increasingthe temperature (at constantvolume) of the gas causes the molecules to gainmore

kinetic energy
= This means that the particles willmove faster and collide with the containerwalls more

frequently
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= The pressure of the gasincreases

= Thetemperatureis therefore directly proportionalto the pressure (atconstant volume)
= Mathematically,we saythatP «T orP/T =aconstant

= AgraphoftemperatureinKelvinof agas plotted against pressure gives a straightline

Increasing the temperature of a gas causes an increased collision frequency of the gas particles with the
containerwall (a); temperature is directly proportional to the pressure (b)

Pressure, volume and temperature

= Combiningthese three relationships together:
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= P/V=aconstant
= V/T=zaconstant
= P/T=zaconstant

= Wecanseehowtheidealgas equationis constructed
= PV/T=aconstant
= PV=aconstantxT

= This constantis made fromtwo components, the numberof moles, n,and the gas constant, R,
resultinginthe overallequation:
= PV=nRT

Changing the conditions of a fixed amount of gas

= Forafixed amountof gas,nand Rwillbe constant,so if youchange the conditions of agas we
canignore nand Rinthe ideal gas equation
= Thisleads to averyuseful expressionforproblemsolving

P1Vy PyV3
T T3

Where Py, Viand Tiare theinitial conditions of the gas and P, V, and Tp are the final conditions

@ Worked example

At25°C and 100 kPa a gas occupies avolume of 20 dm?®. Calculate the new temperature,in °C, of
the gas if the volume is decreased to 10 dm®at constant pressure.

Answer:

Step 1:Rearrange the formula to change the conditions of afixed amount of gas.Pressureis
constantsoitisleftoutof the formula

VoTh
Vi

7 =

Step 2:Convert the temperature to Kelvin. There is no need to convert the volume to m3
because the formulais using aratio of the two volumes

V;=20dm3

V,=10dm?3

Page 20 of 35
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

T1=25+273=298K

Step 3:Calculate the new temperature

10dm® x 298 K
20 dm3

=149K=-124°C

-
1

® Worked example

A2.00dm3containerof oxygenatapressure of 80 kPawas heated from20°C to 70°C The
volume expanded to 2.25 dm3. What was the final pressure of the gas?

Answer:

Step 1:Rearrange the formula to change the conditions of afixed amount of gas

P11 T,
VoTq

P, =

Step 2:Substitute inthe values and calculate the final pressure
P1=80kPa
V1=2.00dm?
Vp=225dm?
T1=20+273=293K

T2=70+273=343K

80 kPa x 2.00dm?> x 343 K

P = = 83 kPa
293 K x 2.25 dm3
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1.2.6 Real Gases

Real Gas Behaviour

Theidealgas equationdoes not fitallmeasurements and observations taken at allconditions
withrealgases

Therelationship between pressure,volume and temperature shows significant deviationfrom PV
=nRTwhenthe temperatureis very low orthe pressureis very high

Thisis because the ideal gas equationis built on the kinetic theory of matter

The kinetic theory of matter makes some keyassumptions about the behaviourof gases

Atlow temperatures and high pressures real gases deviate significantly from the ideal gas equation. The

higher the pressure and the lower the temperature the greater the deviation

Assumptionsabout volume

The kinetic theory assumes that the volume the actual gas molecules themselves take upis tiny
compared to the volume the gas occupiesinacontainerand canbeignored

Thisis broadlytrue forgases at normal conditions, but becomes increasinglyinaccurate atlow
temperatures and high pressures

Atthese conditions the gas molecules are veryclose together,so the fractionof space taken
up by the molecules is substantial compared to the total volume
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Atlow temperatures and high pressures, the fraction of space taken up by the molecules is substantial

Assumptionsabout attractive forces

Anotherassumptionabout gases is that when gas molecules are farapart there is verylittle
interactionbetweenthe molecules

As the gas molecules become closerto eachotherintermolecular

forces cause attractionbetweenmolecules

Thisreduces the numberof collisions with the walls of the container

The pressureis less thanexpected by the ideal gas equation

O Exam Tip

Theideal gas equationand the gas constant are giveninthe IB ChemistryDataBooklet whichcan
be usedinPaper2,butnotinPaperl.
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1.2.7 Standard Solutions

Concentrations of Solutions

Standard solutions

= Chemistsroutinely prepare solutions needed foranalysis, whose concentrations are known
precisely

= Thesesolutions are termed standard solutions

= Theyare made as accuratelyand preciselyas possible using three decimal place balances and
volumetric flasks to reduce the impact of measurement uncertainties

= The steps are:
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Volumes & concentrationsof solutions

= The concentrationofasolutionis the amount of solute dissolved inasolvent to make 1dm3of
solution
= Thesoluteis the substance that dissolvesinasolventto formasolution
= Thesolventis oftenwater

= Aconcentrated solutionis asolutionthathas ahighconcentrationof solute
= Adilute solutionis asolutionwithalow concentrationofsolute
= Concentrationis usuallyexpressedinone of three ways:

= moles perunitvolume

= mass perunitvolume

= parts permillion

Moles perunit volume

= Theformulaforexpressingconcentrationusingmolesis:
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number of moles of solute (mol)
volume of solution (dm?3)

concentration(mol dm3) =

= Youmust make sure youchange cm3to dm?3 (bydividing by1000)
= Therelationships canbe expressed usingthis formula triangle:

To use the concentration formula triangle cover the one you want to find out about with your fingerand
follow the instructions

@ Worked example

Calculate the mass of sodium hydroxide, NaOH, required to prepare 250 cm30fa0.200 moldm~
3 .
solution

Answer:
Step 1:Use the formula triangle to find the numberof moles of NaOH needed
number of moles =concentration (mol dm™) x volume (dm?®)

n=0.200 mo/dm™x0.250 dm’

n=0.0500 mol

Step 2:Find the molarmass of NaOH
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M=22.99 +16.00 +1.01=40.00 gmol’
Step 3:Calculate the mass required
mass =moles xmolarmass
mass = 0.0500molx40.00gmol’ =2.00g
Mass per unit volume

= Sometimesitis more convenient to express concentrationinterms of mass perunit volume
= Theformulais:

mass of solute (g)

concentration (g dm3) =
9 ) volume of solution (dm?)

= To change aconcentrationfrommoldm™>to gdm™>
= Multiplythe moles of solute byits molarmass

mass of solute (g) = number of moles (mol) x molarmass (g mol~ ]
Partsper million

= Whenexpressing extremelylow concentrations aunit that canbe used is parts per milionorppm
= Thisis usefulwhengivingthe concentrationof apollutantinwaterorthe airwhenthe absolute
amountis tinycompared the the volume of waterorair
= Tppmisdefinedas
= AmassofImgdissolvedinldm3of water

= Sinceldm3weighs Tkgwe canalso sayitis
= AmassofImgdissolvedinTkgofwater,orl0-3gin103gwhichis the same as sayingthe
concentrationis 1in10¢ orTinamillion

@ Worked example

The concentrationof chlorineinaswimming poolshould betweenbetweenland 3 ppm.
Calculate the maximum mass,inkg, of chlorine that should be presentinanolympic swimming
poolofsize 2.5 millionlitres.

Answer:

Step 1:calculate the total mass in mgassuming 3ppm(1litre is the same as 1dm3)

3x2.5x106=7.5x10mg

Step 2:convert the mass into kilograms (Img =10-%kg)

7.5x10¢ x106 kg=7.5kg
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1.2.8 Concentration Calculations

Concentration Calculations
Stepbystep

= Concentrationcalculations involve bringing togetherthe skills and knowledge you have acquired
previouslyand applying themto problemsolving
= Youshould be able to easilyconvert betweenmoles, mass,concentrations and volumes (of
solutions and gases)
= Thefourstepsinvolvedinproblemsolvingare:
= write the balanced equationforthereaction

= determine the mass/moles/concentration/volume of the of the substance(s) youknow
about

= usethebalanced equationto deduce the moleratios of the substances present
= calculate the mass/moles/concentration/volume of the of the unknown substance(s)
@ Worked example
25.0cm30f0.050 moldm-3sodium carbonate was completelyneutralised by 20.0 cm3of dilute
hydrochloric acid.Calculate the concentrationinmoldm=3ofthe hydrochloric acid.
Answer:
Step 1: Write the balanced equationforthe reaction
Na,COz + 2HCI — 2NaCl + H,O + CO,

Step 2:Determine the moles of the known substance,in this case sodium carbonate.Don't
forgetto divide the volume by1000to convertcm3to dm?3

moles =volume x concentration
amount (Na,C03)=0.0250 dm3x0.050 moldm-3=0.00125mol

Step 3:Use the balanced equationto deduce the mole ratio of sodium carbonate to
hydrochloric acid:

TmolofNa,COzreacts with2molof HCI,so the moleratiois 1:2
Therefore 0.00125 moles of Na,COzreact with0.00250 moles of HCI

Step 4:Calculate the concentration of the unknown substance, hydrochloric acid
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moles
concentration =————
volume
0.00250 mol
concentration(HCI) = = 0.125 mol dm*
0.0200 dm3

@ Worked example

Calculate the volume of hydrochloric acid of concentration 1.0 moldm-3that is required to react
completelywith2.5 gofcalciumcarbonate.
Answer:
Step 1: Write the balanced equationforthe reaction
CaCO3 + 2HCI — Caclz + Hzo + COZ

Step 2:Determine the moles of the known substance, calcium carbonate

2.5
amount of CaCO3 = g — =0.025 mol
100.09 g mol~1

Step 3:Use the balanced equationto deduce the mole ratio of calcium carbonate to
hydrochloric acid:

Tmolof CaCOzrequires 2molofHCI
S0 0.025molof CaCOzrequires 0.050 molof HCI

Step 4:Calculate the volume of HClrequired

moles 0.050 mol
Volume of HCI =

= = 0.050 dm?
concentration 1.0 mol dm—3
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1.2.9 Titrations

Titrations

= Volumetric analysis is aprocess thatuses the volume and concentrationof one chemical
reactant (astandard solution) to determine the concentrationof anotherunknownsolution

= Thetechnique mostcommonlyused is atitration

= Thevolumes are measured using two precise pieces of equipment, avolumetric orgraduated
pipette and aburette

Equipment used to measure volumes precisely in titrations

» Burettes are usuallymarked to aprecisionof 0.10 cm?

= Since theyare analogue instruments, the uncertaintyis recorded to half the smallest marking,
inotherwords to *0.05 cm?®

= The end point orequivalence point occurs whenthe two solutions have reacted completelyand
is shownwiththe use of anindicator
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The steps in a titration

= The stepsinatitrationare:

= Measuringaknownvolume (usually20 or25 cm3) of one of the solutions with
avolumetric orgraduated pipette and placingitinto a conical flask

= Theothersolutionis placedinthe burette

= Afewdropsoftheindicatorare added

= Thetapontheburetteis carefullyopened and the solutionadded, portionbyportion, to
the conical flask until the indicator just changes colour

= Multiple trials are carried out untilconcordant results are obtained

Recording and processing titrationresults

= Boththeinitialand finalburette readings should be recorded and shownto aprecisionof +0.05
cm?3, the same as the uncertainty
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A typical layout and set of titration results

= Thevolume delivered (titre)is calculated and recorded to anuncertainty of +0.10 cm3
= Theuncertainty is doubled,because two burette readings are made to obtainthe titre (V
final - Vinitial), following the rules forpropagation of uncertainties (you canfind more about
thisinTopic 1)

= Concordant results are thenaveraged,and non-concordantresults are discarded
= Concordanceis usuallyconsidered to be aconsistencyof+0.05 betweenresults,
dependingonthe qualityofthe burette

= The calculationthenfollows the steps givenin1.2.8 Concentration calculations
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O Exam Tip

When performingtitration calculations usingmonoprotic acids (meaningone H*) suchas HCI,
the numberof moles of the acid and alkaliwill be the same. This allows you to use the relationship

C\V1=CyV>

where Cyand Vjare the concentrationand volume of the acid and C, and V; are the
concentrationand volume of the alkali. There is no need to convert the units of volume to dm3as
thisis aratio.Simplyre-arrange the formulato solve forthe unknown quantity.

@ Worked example

A0.675 gsample of asolid acid, HA, was dissolved indistilled waterand made upto 100.0 cm3in
avolumetric flask.25.0 cm3of this solutionwas titrated against 0.100 moldm=3NaOH solution
and 12.1cm3were required forcomplete reaction.Determine the molarmass of the acid.
Answer:
Step 1: Write the equationforthe reaction:
HA (aq) +NaOH (ag) —»NaA(aqg) +H,O (1)
Step 2:Calculate the numberof moles of the NaOH

12.1
n(NaOH)sample = (m) dm?®x 0.100 mol dm==1.21 x 10-* mol

Step 3:Deduce the numberof moles of the acid
Since the acid is monoprotic the numberof moles of HAis also 1.21x 103 mol
Thisis presentin25.0 cm3ofthe solution

Step 4:Scale up to find the amountin the original solution

(NaOH) 1.21x 103 mol x 100.0 cm3 4.84 % 10° mol
n(Na iginal = =4.84x10° mo
original 25.0 cm3

Step 5:Calculate the molarmass

Page 33 of 35
For more help visit our website www.exampaperspractice.co.uk



=l

Exam Papers Practice

mass
moles = ————
molar mass
mass 0.675¢g ;
molar mass = = =139 g mol

moles ~ 4.84 x 102 mol

Backtitration

= Abacktitrationisacommontechnique used to find the concentrationoramount of an
unknown substance indirectly

= The principleis to carryout areactionwith the unknown substance and anexcess of afurther
reactantsuchas anacid oranalkali

= The excessreactant,afterreaction,is thenanalysed bytitrationand the mole ratios are used to
deduce the moles orconcentrationof the original substance being analysed

@ Worked example

The percentage bymass of calcium carbonate, CaCOg,inasample of marble was determined by
addingexcess hydrochloric acid to ensure that all the calcium carbonate had reacted.The
excess acid left was thentitrated with aqueous sodium hydroxide. Astudentadded 27.20 cm3
0f0.200moldm=3HC/to 0.188 g of marble. The excess acid required 23.80 cm30of 0.100 moldm-~
3NaOH forneutralization. Calculate the percentage of calcium carbonate inthe marble.
Answer:
Step 1: Write the equationforthe titrationreaction:
HC/(aqg) +NaOH (agq) = NaC/(aq) + H,O (I)
Step 2:Calculate the numberof moles of the NaOH
n(NaOH) =0.02380dm3x0.100 moldm=3=2.380x10-3mol
Step 3:Deduce the numberof moles of the excess acid
Since the reactingratio is 1:1the numberof moles of HC/is also 2.380 x10*mol
Step 4:Find the amount of HClinthe original solutionand thenthe amountreacted
N(HC ) original = 0.02720 dm®x0.200 moldm=>=5.440 x10-*mol
NHC N eacteq = 5.440x1073mol-2.380x103mol=3.060x10-*mol

Step 5:Write the equationforthe reactionwith the calcium carbonate
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2HC/(ag) +CaCO3z(s)— CaClz(aq) + CO2 (g) +H20O (1)
Step 6:Deduce the numberof moles of the calcium carbonate thatreacted
Since the reactingratio is 2:1the numberofmoles of CaCOsis (3.060x103mol) + 2
n(CaC03)=1530x103mol
Step 7:Calculate the mass of calcium carbonate inthe sample of marble
mass =moles xmolarmass =1.530x103molx100.09 gmol'=0.1531g

Step 8:Calculate the percentage of calcium carbonate in the marble

0.1531 X100
Percentage of CaCO. in marble = =815%
0.188

O ExamTip

Rounding off whenyoutake averagesWhenyouhave anaverage of burette readings thatcomes
to three decimalplaces, e.g.(23.20 cm3+23.25 cm?) + 2=23.225 cm3You CANNOT show more
thantwo decimal places because that would make the average more precise thanthe readings.
To manage this situationyouneed to follow asimple rule.If the last digitis betweena5and 9 then
youround up;if the digitis between O and 4 youround down.So in this case the value recorded
would be 23.23 cm?
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