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1.2.1Reacting Masses /

Your notes
Reacting Masses & Limiting Reactants

= The numberof moles of a substance can be found by using the following equation:

mass of substance in grams
number of moles =

molar mass (g mol™1)

Itisimportant to be clear about the type of particle you are referring to when dealing with moles

= Eg.1mole of CaF; contains one mole of CaF, formula units, but one mole of CaZ*and two moles of
F~ions

Reacting masses

The masses of reactants are useful to determine how much of the reactants exactly react with each
otherto preventwaste

To calculate the reacting masses, the chemical equationis required

This equation shows the ratio of moles of all the reactants and products, also called the stoichiometry,
of thereaction

To find the mass of products formed in areaction the following pieces of information are needed:
= The mass of thereactants

= The molarmass of the reactants
= The balanced equation

@ Worked example

Calculate the mass of magnesium oxide that can be made by completely burning 6.0 g of magnesium
in oxygen.

magnesium (s) + oxygen (g) — magnesium oxide (s)

Answer:

Step 1: The symbol equationis:

2Mg(s) + O2(g) — 2MgO(s)

Step 2: The relative atomic masses are:

magnesium:24.31 oxygen:16.00
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Step 3: Calculate the moles of magnesiumusedinreaction

6.0g
24.31 g mol—1

number of moles = = 0.25 mol

Step 4: Find the ratio of magnesium to magnesium oxide using the balanced chemical equation

Magnesium  Madgnesium Oxide

Mol 2 2
Ratio 1 1
Change

in mol =0.25 +0.25

Therefore, 0.25 mol of MgOis formed

Step 5: Find the mass of magnesium oxide

mass = molxM
mass = 0.25 mol x40.31gmol!
mass =10.08g

Therefore, mass of magnesium oxide produced is 10 g (2 sig figs)

Excess & limiting reactants

= Sometimes, thereis an excess of one or more of the reactants (excess reactant)
= Thereactant whichisnotinexcessis called the limiting reactant

= Todetermine whichreactantislimiting:
= The number of moles of the reactants should be calculated
= Theratio of the reactants shownin the equation should be takeninto account eg:

C+2H, — CH4

Page 3 of 35

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

4

Your notes


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

What is limiting when 10 mol of carbon are reacted with 3 mol of hydrogen? ,

= Hydrogenis the limiting reactant and since the ratio of C: Hyis 1:2 only 1.5 mol of C will react with 3 mol
of H2

Your notes

O Examiner Tip

An easy way to determine the limiting reactantis to find the moles of each substance and divide the
moles by the coefficientin the equationThe lowest number resulting is the limiting reactant

= |nthe example above:
= divide 10 moles of Cby1, giving 10
= divide 3moles of Hby 2, giving 1.5, so hydrogenis limiting

@ Worked example

9.2 g of sodium metalis reacted with 8.0 g of sulfur to produce sodium sulfide, Na;S.Whichreactantis
in excess 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 equation and determine the coefficients
2Na + S —>Na,S
Step 3: Divide the moles by the coefficient and determine the limiting reagent

= divide 0.40 moles of Naby 2, giving 0.20- lowest
= divide 0.25moles of Sby1, giving 0.25

Therefore, sodiumis limiting and sulfur is in excess
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1.2.2 Reaction Yields

ReactionYields

Percentageyield

= |nalotofreactions, not allreactants react to form products which canbe due to several factors:
= Otherreactions take place simultaneously
= Thereaction does not go to completion
= Products are lost during separation and purification

= The percentage yield shows how much of a particular product you get from the reactants compared
to the maximum theoretical amount that you can get:

; old actual yield 100
ercentage yield = X
p ge theorectical yield

= Theactualyieldis the number of moles or mass of product obtained experimentally
= The theoretical yield is the number of moles or mass obtained by areacting mass calculation

@ Worked example

Inan experiment to displace copper from copper(ll)sulfate, 6.5 g of zinc was added to an excess of
copper(ll)sulfate solution.The resulting copper was filtered off, washed and dried.The mass of copper
obtained was 4.8 g.Calculate the percentage yield of copper.

Answer:
Step 1: The symbol equationis:
Zn(s) + CuSO4(aq) — ZnSO4(aq) +Cu(s)

Step 2: Calculate the amount of zinc reacted in moles

6.5
number of moles = — > =0.10 mol
65.38 g mol~1

Step 3: Calculate the maximum amount of copper that could be formed from the molarratio:
Since the ratio of Zn(s) to Cu(s) is 1:1a maximum of 0.10 moles can be produced
Step 4: Calculate the maximum mass of copper that could be formed (theoretical yield)
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mass= mol x M ,

= 0.10 mol x 63.55 g mol-! Your notes
= 6.4g(2sigfigs)

Step 5: Calculate the percentage yield of copper

. 489
percentage yield = 1g x 100 = 75%
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1.2.3 Avogadro's Law & Molar Gas Volume V4

Your notes

Avogadro's Law

Volumes of gases

= |n1811the Italian scientist Amedeo Avogadro developed a theory about the volume of gases
= Avogadro’slaw (also called Avogadro’s hypothesis) enables the mole ratio of reacting gases to be
determined from volumes of the gases
= Avogadro deduced that equal volumes of gases must contain the same number of molecules
= Atstandard temperature and pressure(STP) one mole of any gas has a volume of 22.7 dm?3
= The units are normally written as dm3mol-(since it is 'per mole’)
= The conditions of STP are
= atemperature of 0°C (273 K)
= pressure of 100 kPa

Stoichiometric relationships

= The stoichiometry of areaction and Avogadro's Law can be used to deduce the exact volumes of
gaseousreactants and products
» Eg.inthe combustion of 50 cm? of propane, the volume of oxygen needed is (5x50) 250 cm?, and
(3x50) 150 cm? of carbon dioxide is formed, using the ratio of propane: oxygen: carbon dioxide,
whichis1: 5: 3respectively, as seenin the equation

C3Hg (g) + 502(g) = 3CO2(g) + 4H20 (1)

= Rememberthatif the gasvolumes are not in the same ratio as the coefficients then the amount of
productis determined by the limiting reactant so it is essential to identify it first

@ Worked example

What is the total volume of gases remaining when 70 cm? of ammonia is combusted completely with
50 cm?® of oxygen according to the equation shown?

4NH3 (g) + 502 (g) = 4NO (g) + 6H20 (1)

Answer:

Step 1: From the equation deduce the molarratio of the gases, whichis NHz:0, :NO or 4:5:4 (wateris
notincluded asitisinthe liquid state)
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Step 2: We can see that oxygen will run out first (the limiting reactant) and so 50 cm? of O, requires
4/5x50 cm3 of NHztoreact =40 cm?

Step 3: Using Avogadro's Law, we can say 40 cm? of NO will be produced
Step 4: There willbe of 70-40 = 30 cm?® of NHz left over

Therefore the total remaining volume will be 40 + 30 = 70 cm?3of gases

O Examiner Tip

Since gas volumes work in the same way as moles, we can use the 'lowest is limiting' technique in
limiting reactant problems involving gas volumes. This can be handy if you are unable to spot which gas
reactantis going to run out first.Divide the volumes of the gases by the cofficients and whichever gives
the lowest numberis the limiting reactant

= E.g.inthe previous problemwe can see that
= ForNHz 70/4 gives17.5
= ForO,50/5 gives 10, so oxygen s limiting
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Molar Gas Volume
= The molar gas volume of 22.7 dm3mol-'can be used to find:
= Thevolume of a given number of moles of gas:
volume of gas (dm3) = amount of gas (mol) x 22.7 dm3mol-!
= The number of moles of a given volume of gas:

volume of gas in dm?3
22.7 dm3 mol—1

amount of gas (moles) =

= Therelationships canbe expressed using a formula triangle

GAS
VOLUME
IN dm?

MOLES X 22.7dm?

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

instructions

@ Worked example

Whatis the volume occupied by 3.0 moles of hydrogenat stp ?

Answer:

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

Your notes
@ Worked example

How many moles are in the following volumes of gases?

1.7.2 dm3 of carbon monoxide
2.960 cm? of sulfur dioxide

Answer 1:
Use the formula:
of I volume of gas in dm?
amount of gas (moles) =
gas ( ) 22.7 dm3 mol—1
t of I 7.2 dm? 0.32 mol
amount of gas (moles) = =0.32 mo
gas ( ) 22.7dm3 mol—1
Answer 2:

Step 1: Convert the volume from cm3to dm3
960/1000 = 0.960 dm?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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1.2.4 The Ideal Gas Equation /

Your notes

Ideal Gas Equation

Kinetic theory of gases

= The kinetic theory of gases states that molecules in gases are constantly moving
= The theory makes the following assumptions:
= The gas molecules are moving very fast and randomly
= The molecules hardly have any volume
= The gas molecules do not attract orrepel each other (nointermolecular forces)
= Nokinetic energyislost when the gas molecules collide with each other (elastic collisions)
= The temperature of the gasis directly proportional to the average kinetic energy of the molecules

= Gasesthat follow the kinetic theory of gases are called ideal gases
= However, inreality gases do not fit this description exactly but may come very close and are called real

gases

= Thevolume that a gas occupies depends on:
= |tspressure
= |tstemperature

Ideal gas equation

= Theideal gas equation shows the relationship between pressure, volume, temperature and number of
moles of gas of anideal gas:

PV =nRT
P = pressure (pascals, Pa)
V =volume (m3)
n =number of moles of gas (mol)
R =gas constant (8.31JK'mol™)
T =temperature (Kelvin, K)

= Theideal gas equation canalso be used to calculate the molar mass (M) of a gas

@ Worked example

Calculate the volume, in dm?®, occupied by 0.781mol of oxygen at a pressure of 220 kPaand a
temperature of 21°C.
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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=220000Pa

n=0.781mol
R=8.31JK "mol!
T=21°C=294K
0.781mol x 831 ] K 'mol™1 x 294K
- 220000 Pa
=0.00867m?
=8.67dm?

O Examiner Tip

A word about units...Students often mess up gas calculations by getting their unit conversions
wrong, particularly from cm?®to m®. Think about what a cubic metre actually is - a cube with sides 1m or
100 cmlong.The volume of this cube is 100 x 100 x 100 = 1000 000 or 10 cm>®*So when you convert
from m3 to cm?®you MULTIPLY by 10¢ and when you convert from cm?® to m3 you DIVIDE by 10° (or
multiply by 10-¢whichis the same thing)

@ Worked example

Calculate the pressure of a gas, in kPa, given that 0.20 moles of the gas occupy 10.1dm> at a
temperature of 25 °C.

Answer:

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

P= Your notes

Step 2: Convert to the correct units and calculate the pressure
n=0.20 mol

V=10.1dm3=0.0101m®*=10.1x103m3

R=8.31JK mol™
T=25°C=298K
5 0.20 mol x 831 J K~ 'mol™1 x 298 K

10.1 x 1073 m3

P =49 037 Pa=49kPa(2sig figs)

Q Worked example

Calculate the temperature of a gas, in °C, if 0.047 moles of the gas occupy 1.2 dm? at a pressure of
100 kPa.

Answer:

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

PV
nR

Step 2: Convert to the correct units and calculate the pressure
n=0.047 mol
V=12dm3=0.0012m3=1.2x10"3m3
R=8.31JKmol!

P =100kPa=100 000 Pa
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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)

Q Worked example

Aflask of volume 1000 cm?3 contains 6.39 g of a gas. The pressure in the flask was 300 kPa and the
temperature was 23 °C.Calculate the molar mass of the gas.

Answer:

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

_ v
nN= RT

Step 2: Convert to the correct units and calculate the number of moles of gas

P =300kPa=300000Pa

V=1000¢cm®=0.001m3=1.0x1073m3
R=8.31JK "mol”
T=23°C=296K

300 000 Pa x 1% 1073 m3
831 J K lmol™1x 296 K

n=0.12mol

Step 3: Calculate the molar mass using the number of moles of gas

mass
molar mass = ——
moles
M 6394 53 I (2 sig fi
= ———— = mol- sig figs
0.12 mol 9 (2 sig figs)
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O Examiner Tip /

Your notes
To calculate the temperature in Kelvin, add 273 to the Celsius temperature, eg. 100 °C s 373 Kelvin.
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1.2.5 Gas Law Relationships 4

Your notes

Gas Law Relationships

= Gasesinacontainer exert a pressure as the gas molecules are constantly colliding with the walls of the

J\OZO

2 Se
MR

¢

NOS

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

Changing gas volume

= Decreasing the volume (at constant temperature) of the container causes the molecules to be
squashed together whichresults in more frequent collisions with the container wall
= The pressure of the gasincreases
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MORE FREQUENT COLLISIONS OF GAS MOLECULES
WITH THE CONTAINER WALL

PRESSURE

O INCREASE THE ::>
O

GAS MOLECULES COLLIDE
WITH CONTAINER WALLS

Decreasing the volume of a gas causes anincreased collision frequency of the gas particles with the

PRESSURE

container wall

The pressure is therefore inversely proportional to the volume (at constant temperature)
Thisis known as Boyle's Law

Mathematically, we say P «

1/V or PV = aconstant

We can show a graphical representation of Boyle's Law in three different ways:
= Agraph of pressure of gas plotted against 1/ volume gives a straight line
= Agraph of pressure against volume gives a curve

= Agraphof PVversus P gives a straightline

/l
VOLUME

Ll
3
s 5
D >
wn x
& w
ia 5
o 0
wn
w
@
o
VOLUME PRESSURE
Three graphs that show Boyle’s Law
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Changing gas temperature

When a gasis heated (at constant pressure) the particles gain more kinetic energy and undergo more
frequent collisions with the container walls

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

The volume is therefore directly proportional to the temperature in Kelvin (at constant pressure)
Thisis known as Charles' Law

Mathematically,V « TorV/T = a constant

A graph of volume against temperature in Kelvin gives a straight line

A VOLUME INCREASES TO KEEP
THE PRESSURE CONSTANT
=]
I HIGH
LOW . TEMPERATURE

T o | |
d: & /QJ @ nLd:J

N\ 7TV
MOLECULES MOVING MOLECULES MOVING
SLOWLY FASTER AS THE

PARTICLES HAVE MORE
KINETIC ENERGY

VOLUME

o

0 TEMPERATURE
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Increasing the temperature of a gas causes an increased collision frequency of the gas particles with /

the container wall (a); volume is directly proportional to the temperature in Kelvin (b)
Your notes

Changing gas pressure

Increasing the temperature (at constant volume) of the gas causes the molecules to gain more kinetic
energy

This means that the particles willmove faster and collide with the container walls more frequently

The pressure of the gasincreases

The temperature is therefore directly proportional to the pressure (at constant volume)
Mathematically, we say that P « Tor P/T = a constant

A graph of temperature in Kelvin of a gas plotted against pressure gives a straightline

A MORE FREQUENT COLLISIONS OF GAS MOLECULES WITH THE
CONTAINER WALL AS THE PARTICLES HAVE MORE ENERGY

INCREASE THE

O OO O " TemPERATURE —> O {0)6 O
O 0 O O -
0 9 9 0 v

GAS MOLECULES COLLIDE
WITH CONTAINER WALLS

TEMPERATURE AGAINST
PRESSURE GIVES A
STRAIGHT LINE

o TEMPERATURE (K)

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

Pressure, volume and temperature

= Combining these threerelationships together:
= P/V=aconstant
= V/T=aconstant
= P/T=aconstant

= We cansee how the ideal gas equationis constructed
= PV/T=aconstant
= PV=aconstantxT

= This constantis made from two components, the number of moles, n, and the gas constant, R,
resulting in the overall equation:
= PV=nRT

Changing the conditions of a fixed amount of gas

= Forafixed amount of gas, nand Rwill be constant, so if you change the conditions of a gas we can
ignore nand Rin the ideal gas equation
= Thisleads to avery useful expression for problem solving

P1V; PV,
T; T2

= Where Py, Viand Ty are the initial conditions of the gas and P, Vo and Tp are the final conditions

@ Worked example

At 25°C and 100 kPa a gas occupies a volume of 20 dm?®. Calculate the new temperature, in °C, of the
gasif the volume is decreased to 10 dm? at constant pressure.

Answer:

Step 1: Rearrange the formula to change the conditions of a fixed amount of gas. Pressure is
constantsoitisleft out of the formula
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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
Vi=20dm?
Vo=10dm3
T1=25+273=298K

Step 3: Calculate the new temperature

10 dm3 x 298 K
20 dm3

=149 K=-124°C

@ Worked example

A2.00 dm? container of oxygen at a pressure of 80 kPa was heated from 20 °C to 70 °C The volume

expandedto 2.25 dm3. What was the final pressure of the gas?

Answer:

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

P11 T,

2 VaTq

Step 2: Substitute in the values and calculate the final pressure

P,=80kPa
Vi=2.00 dm?
Vy=2.25dm3

T1=20+273=293K
To=70+273=343K

80 kPa x 2.00dm?> x 343 K
2" 203 K X 2.25 dm3

=83 kPa
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1.2.6 Real Gases K,

Your notes

Real Gas Behaviour

The ideal gas equation does not fit allmeasurements and observations taken at all conditions with real
gases

The relationship between pressure, volume and temperature shows significant deviation from PV =
nRT when the temperature is very low or the pressure is very high

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

The kinetic theory of matter makes some key assumptions about the behaviour of gases

A 200K

500K

1000K

IDEAL GAS

PRESSURE

At low 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

Assumptions about volume

The kinetic theory assumes that the volume the actual gas molecules themselves take up is tiny
compared to the volume the gas occupies in a container and can be ignored

Thisis broadly true for gases at normal conditions, but becomes increasingly inaccurate at low
temperatures and high pressures

At these conditions the gas molecules are very close together, so the fraction of space taken up by the
molecules is substantial compared to the total volume
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At low temperatures and high pressures, the fraction of space taken up by the molecules is substantial

Assumptions about attractive forces

Anotherassumption about gasesis that when gas molecules are far apart there is very little interaction
between the molecules

As the gas molecules become closerto each otherintermolecular forces cause attraction between
molecules

Thisreduces the number of collisions with the walls of the container

The pressure s less than expected by the ideal gas equation

O Examiner Tip

Theideal gas equation and the gas constant are givenin the IB Chemistry Data Booklet which canbe
usedinPaper 2, butnotinPaper].
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1.2.7 Standard Solutions

Concentrations of Solutions

Standard solutions

Chemists routinely prepare solutions needed for analysis, whose concentrations are known precisely
These solutions are termed standard solutions

They are made as accurately and precisely as possible using three decimal place balances and
volumetric flasks to reduce the impact of measurement uncertainties

The steps are:

FUNNEL
1
BEAKER
... ]
o\ =
WEIGH OUT A ADD TO A SMALL TRANSFER TO A
PRECISE AMOUNT VOLUME OF WATER & VOLUMETRIC FLASK
OF THE SOLID PRE-DISSOLVE THE
SOLID H
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4

ﬂ ) Your notes
BOTTOM OF L
MENISCUS b
G
SCRATCH
MARK

MAKE UP TO THE SCRATCH MARK WITH RINSE THE BEAKER

MORE WATER. WITH DISTILLED WATER

ADD STOPPER AND MIX THE CONTENTS AND ADD THE RINSINGS
TO THE FLASK

Volumes & concentrations of solutions

= The concentration of a solution is the amount of solute dissolved in a solvent to make 1dm? of solution
= The soluteis the substance that dissolves in a solvent to form a solution
= The solventis often water

= Aconcentrated solutionis a solution that has a high concentration of solute
= Adilute solutionis a solution with alow concentration of solute
= Concentrationisusually expressed in one of three ways:

= moles perunitvolume

= mass perunitvolume

= partspermillion

Moles per unit volume

= The formulaforexpressing concentration using molesis:

number of moles of solute (mol)

trati [ dm3) =
concentration(mol dm) volume of solution (dm?)
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= You must make sure you change cm3to dm3 (by dividing by 1000)
= Therelationships canbe expressed using this formula triangle:

VOLUME
IN dm?

CONCENTRATION X

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

@ Worked example

Calculate the mass of sodium hydroxide, NaOH, required to prepare 250 cm3 of a 0.200 mol dm-3
solution

Answer:
Step 1: Use the formula triangle to find the number of moles of NaOH needed
number of moles = concentration (mol dm=3) x volume (dm3)
n=0.200 moldm3x0.250 dm3
n=0.0500 mol
Step 2: Find the molar mass of NaOH
M=22.99+16.00+1.01=40.00 gmol"
Step 3: Calculate the massrequired
mass = moles x molar mass
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mass = 0.0500 molx40.00gmol' =2.00g ,

Your notes
Mass per unit volume

= Sometimesitis more convenient to express concentration in terms of mass per unit volume
= Theformulais:

mass of solute (g)

concentration (g dm3) =
(@ ) volume of solution (dm3)

» Tochange aconcentration from moldm™togdm™
= Multiply the moles of solute by its molar mass

mass of solute (g) = number of moles (mol) x molar mass (g mol")

Parts per million

= When expressing extremely low concentrations a unit that can be used is parts per million or ppm
= Thisis usefulwhen giving the concentration of a pollutant in water or the air when the absolute amount
is tiny compared the the volume of water or air
= Tppmisdefinedas
= Amass of 1mgdissolvedin1dm?3 of water

= Sinceldm3weighsTkgwe canalsosayitis
= Amass of 1mgdissolvedin1kg of water, or 103 gin 103 g which is the same as saying the
concentrationis1in 106 or 1in a million

@ Worked example

The concentration of chlorine in a swimming pool should between between1and 3 ppm. Calculate the
maximum mass, in kg, of chlorine that should be present in an olympic swimming pool of size 2.5 million
litres.

Answer:

Step 1: calculate the total mass in mg assuming 3ppm(l litre is the same as 1dm?)
3x2.5x100=7.5x10¢mg

Step 2: convert the mass into kilograms (1mg =10-¢kg)

7.5x106 x1076 kg = 7.5 kg
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1.2.8 Concentration Calculations /

Your notes
Concentration Calculations

Step by step

= Concentration calculations involve bringing together the skills and knowledge you have acquired
previously and applying them to problem solving
= Youshould be able to easily convert between moles, mass, concentrations and volumes ( of solutions
and gases)
= Thefourstepsinvolvedin problem solving are:
= write the balanced equation for the reaction
= determine the mass/ moles/ concentration/ volume of the of the substance(s) you know about
= usethe balanced equation to deduce the mole ratios of the substances present
= calculate the mass/ moles/ concentration/ volume of the of the unknown substance(s)

@ Worked example

25.0 cm?3 of 0.050 mol dm~3 sodium carbonate was completely neutralised by 20.0 cm3 of dilute
hydrochloric acid.Calculate the concentration in mol dm-3 of the hydrochloric acid.

Answer:
Step 1: Write the balanced equation for the reaction
N32C03 + 2HCI — 2NacCl + Hzo + C02

Step 2: Determine the moles of the known substance, in this case sodium carbonate. Don't forget
to divide the volume by 1000 to convert cm3to dm?3

moles = volume x concentration
amount (Na,CO3) = 0.0250 dm3x 0.050 mol dm~3 = 0.00125 mol

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

1Tmol of Na,COgzreacts with 2 mol of HCI, so the moleratiois1: 2
Therefore 0.00125 moles of Na,COz react with 0.00250 moles of HCI

Step 4: Calculate the concentration of the unknown substance, hydrochloric acid
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moles /

concentration =
volume Your notes
0.00250 mol
concentration(HCI) = = 0.125 mol dm*
0.0200 dm3

@ Worked example

Calculate the volume of hydrochloric acid of concentration 1.0 mol dm-3 that is required to react
completely with 2.5 g of calcium carbonate.

Answer:
Step 1: Write the balanced equation for the reaction
CaCO3 + 2HCI — CaCl, + H,O + CO,

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

25g

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

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

Tmol of CaCOgzrequires 2 mol of HCI
S0 0.025 mol of CaCOzrequires 0.050 mol of HCI

Step 4: Calculate the volume of HCl required

moles 0.050 mol
Volume of HCI =

= = 0.050 dm?
concentration 1.0 mol dm~3
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1.2.9 Titrations V4

Your notes

Titrations

= Volumetric analysis is a process that uses the volume and concentration of one chemical reactant (a
standard solution) to determine the concentration of another unknown solution

= Thetechnique most commonly usedis a titration

= Thevolumes are measured using two precise pieces of equipment, a volumetric or graduated
pipette and a burette

A GRADUATED PIPETTE |

ST I
qr

W 5Z

| A VOLUMETRIC PIPETTE |

_/%|||||l|||||||||||||||||||||||||||||||||
:LCLL; (A BURETTE]

Equipment used to measure volumes precisely in titrations

» Burettes are usually marked to a precision of 0.10 cm?
= Since they are analogue instruments, the uncertainty is recorded to half the smallest marking, in
otherwords to +0.05 cm?

= The end point or equivalence point occurs when the two solutions have reacted completely andis
shown with the use of anindicator
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PIPETTE
SAFETY
FILLER

VOLUMETRIC
| PIPETTE
STAND %4

| = R
0 0

THE SECOND SOLUTION SOLUTION + A FEW DROPS
IS ADDED UNTIL INDICATOR OF AN INDICATOR
JUST CHANGES COLOUR

BURETTE o—

|III\IHIIIII\
A

The stepsin a titration

= Thestepsinatitrationare:

= Measuring a known volume (usually 20 or 25 cm3) of one of the solutions with
a volumetric or graduated pipette and placingitinto a conical flask

= The othersolutionis placedin the burette

= Afewdrops of theindicator are added

= Thetap onthe buretteis carefully opened and the solution added, portion by portion, to
the conical flask until the indicator just changes colour

= Multiple trials are carried out until concordant results are obtained

Recording and processing titration results

= Boththeinitial and final burette readings should be recorded and shown to a precision of +0.05cm?,
the same as the uncertainty
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ALL RESULTS ARE RECORDED /
»TO 2 DECIMAL PLACES Your notes
INCLUDING ZERO READINGS

THE FINAL
DIGIT IS
0 OR 5

Rough Run1 Run2 Run3

Initial burette 2345 | 0.20 | 23.004

reading + 0.05 ml

Final burette 23.75 45.95 23.00 46.10
reading *0.05 ml

Volume delivered | (23.75) | 22.80 | 22.80 | (23.10)
%-

N J (THIS RESULT
7 IS DISCARDED
DOUBLE THE,V THE ROUGH RESULT TAS IT IS TOO
UNCERTAINTY IS USUALLY FAR HIGH
OVER THE END-POINT

/= CONCORDANT RESULTS é_FUSED TO CALCULATE
THE AVERAGE

A typical layout and set of titration results

= Thevolume delivered (titre) is calculated and recorded to an uncertainty of +0.10 cm?
= Theuncertainty is doubled, because two burette readings are made to obtain the titre (V final - V
initial), following the rules for propagation of uncertainties (you can find more about this in Topic 11)

= Concordantresults are then averaged, and non-concordant results are discarded
= Concordanceisusually considered to be a consistency of +0.05 betweenresults, depending on
the quality of the burette

= The calculation then follows the steps givenin1.2.8 Concentration calculations
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O Examiner Tip

When performing titration calculations using monoprotic acids (meaning one H*) such as HCI, the
number of moles of the acid and alkali will be the same. This allows you to use the relationship

Ci\V1=CyV>

where Cjand Vjare the concentration and volume of the acid and C, and V, are the concentration and
volume of the alkali. There is no need to convert the units of volume to dm?3 as this is a ratio.Simply re-
arrange the formula to solve for the unknown quantity.

@ Worked example

A0.675 gsample of asolid acid, HA, was dissolved in distilled water and made up to 100.0 cm3in a
volumetric flask. 25.0 cm?3 of this solution was titrated against 0.100 mol dm=3 NaOH solution and 12.1
cm3were required for complete reaction.Determine the molar mass of the acid.

Answer:
Step 1: Write the equation for the reaction:
HA (aq) + NaOH (ag) = NaA (aq) + HoO (I)

Step 2: Calculate the number of moles of the NaOH

12.1
n(NaOH)sampie = (m) dm? x 0.100 mol dm==1.21 x 103 mol

Step 3: Deduce the number of moles of the acid
Since the acidis monoprotic the number of moles of HAis also 1.21x 103 mol

Thisis presentin 25.0 cm? of the solution

Step 4: Scale up to find the amount in the original solution

(NaOH) 1.21x 1073 mol X 100.0 cm?3 484 % 10° mol
NINa iginal — = 4. X ~ Mo
original 25.0 CI’l’l3

Step 5: Calculate the molar mass
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mass /
moles = ————

molar mass
Your notes

mass _ 0.675¢g

molar mass = =139 g mol!

moles  4.84 x 102 mol

Back titration

= Aback titrationis acommon technique used to find the concentration or amount of an unknown
substance indirectly

= The principle is to carry out areaction with the unknown substance and an excess of a furtherreactant
such asan acid oran alkali

= The excessreactant, afterreaction, is then analysed by titration and the mole ratios are used to
deduce the moles or concentration of the original substance being analysed

@ Worked example

The percentage by mass of calcium carbonate, CaCOg, in a sample of marble was determined by
adding excess hydrochloric acid to ensure that all the calcium carbonate had reacted. The excess acid
left was then titrated with aqueous sodium hydroxide. A student added 27.20 cm?® of 0.200 mol dm~3
HCIto 0.188 g of marble. The excess acid required 23.80 cm3 of 0.100 mol dm~3 NaOH for
neutralization. Calculate the percentage of calcium carbonate in the marble.

Answer:
Step 1: Write the equation for the titration reaction:
HCl(aqg) + NaOH (aq) — NaCl (aqg) + H,O(l)
Step 2: Calculate the number of moles of the NaOH
n(NaOH) = 0.02380 dm3x 0.100 moldm=3=2.380 x10-3 mol
Step 3: Deduce the number of moles of the excess acid
Since thereactingratiois 1:1the number of moles of HClis also 2.380 x 10-3 mol
Step 4: Find the amount of HClin the original solution and then the amount reacted
N(HCl)griginai= 0.02720 dm3>x 0.200 mol dm=23=5.440 x10-* mol

NHCrencteq = 5.440 x10-3 mol - 2.380 x10-3 mol = 3.060 x10-3 mol

Page 34 of 35

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Step 5: Write the equation for the reaction with the calcium carbonate ,
2HCI(aq) + CaCOz(s)— CaCly(aq) + CO2(g) + HO () Your notes
Step 6: Deduce the number of moles of the calcium carbonate that reacted
Since the reacting ratiois 2:1the number of moles of CaCQOzis (3.060x10-3mol) + 2
n(CaC0O3)=1.530x10-3mol
Step 7: Calculate the mass of calcium carbonate in the sample of marble

mass = moles xmolarmass =1.530 x 103 molx100.09 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 Examiner Tip

Rounding off when you take averagesWhen you have an average of burette readings that comes to
three decimal places, €.9.(23.20 cm3 +23.25 cm?3) + 2 = 23.225 cm3You CANNOT show more than two
decimal places because that would make the average more precise than the readings. To manage this
situation you need to follow a simple rule. If the last digitis between a 5 and 9 then you round up; if the
digitis between 0 and 4 you round down.So in this case the value recorded would be 23.23 cm?
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