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distance travelled by the substance

distance travelled by solvent
Rf value =

Neutron Number (N) = Nucleon Number (A) - Proton Number (Z)

relative atomic mass (Ar)  =
mass of one atom of an element

mass of 1/12 of an atom of carbon-12

number of moles =
number of particles

6 × 1023

number of moles =
mass of substance in g

Ar or Mr in g

relative molecular mass (Mr)  =

Formulae

percentage composition of element =

Ar of element × No. of atoms of element in formula

Mr of compound
× 100%

molecular formula = n (empirical formula)

where

n =
relative molecular mass (Mr)

empirical formula mass

mass of one molecule of an element or compound

mass of 1/12 of an atom of carbon-12
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Formulae

concentration of solution =
amount of solute in g or in mol

volume of solution in dm3

percentage purity =
mass of pure substance in sample

mass of sample
× 100%

percentage yield =
actual yield

theoretical yield
× 100%

number of moles =
volume in cm3 at r.t.p.

24000 cm3

number of moles =
volume in dm3 at r.t.p.

24 dm3
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1.1 Experimental Design

Learning Outcomes

Candidates should be able to:

(a) name appropriate apparatus for the 

measurement of time, temperature, mass

and volume, including burettes, pipettes, 

measuring cylinders and gas syringes

(b) suggest suitable apparatus, given relevant

information, for a variety of simple 

experiments, including collection of gases

and measurement of rates of reaction

UNIT 1.1

Experimental

Design

O Level Chemistry (5070)

Revision Guide



1.1.1 Experimental Design
- The subject of chemistry involves

the measurement of various

quantities, like time, temperature,

mass, volume and density etc.

- Scientists all over the world use

SI units and their sub-units for the

measurement of various quantities.

Measurement of Time

- In laboratory, time intervals are measured using stopwatches and

stopclocks.

- SI unit for time is second (s). Other units, such as minutes (min)

and hours (h) are used to measure longer intervals of time.

Remember that

- A common stopwatch can measure a time interval correct upto 0.01s.

Measurement of Temperature

- In laboratory, the temperature of a liquid or gas is measured using a

mercury-in-glass thermometer.

- Alcohol-in-glass thermometer and electronic thermometer are also used.

- Two scales, degree Celsius (°C) and Kelvin (K) are commonly used for

temperature measurement. They are related as follows

- A mercury-in-glass thermometer can measure temperatures

from -20 °C to 110 °C.

Measurement of Mass

- The mass of a substance is the amount of matter it contains.

- SI unit for mass is kilogram (kg). However, smaller units like gram (g) and milligram (mg) are 

used for smaller amounts while kilogram (kg) and tonnes are used for larger amounts.

Remember that

Unit 1.1 Experimental Design10

Unit 1.1 Experimental Design

table 1.1.1

Mass

Time

Temperature

Volume

Density

Quantities Symbols

kg

s

K

m3

kg m-3

kilogram

second

Kelvin

cubic meter

kilogram/cubic meter

 SI Units

fig. 1.1.2

1 min  =  60 s

1 h      =  60 min  =  3600 s

temperature in K  =  temperature in °C + 273

1 tonne  =  1000 kg

1 kg  =  1000 g

1 g    =  1000 mg

fig. 1.1.3



- In laboratory, the mass of a substance is measured using beam

balance or electronic balance.

- Electronic balances are more commonly used as compared with

beam balance because they are easier to use and measure

accurately to 0.01g or even 0.001g.

Measurement of Volume

- The volume of a substance is the amount of space it occupies.

- SI unit of volume is cubic metre (m3). However, different smaller units are also used for measuring

volume such as cubic centimetres (cm3), cubic decimetres (dm3), litres (L) and millilitres (ml).

Remember that

- The various pieces of apparatus used for measuring

volume of a liquid are beaker, measuring cylinder,

pipette, burette and volumetric flask.

i. A graduated beaker measures approximate

volume of a liquid.

ii. A pipette measures fixed volumes very

accurately. Pipettes of volumes 10 cm3,

20 cm3 and 25 cm3 are used in laboratory.

iii. For accurate measurement of the volume

of a liquid, a measuring cylinder is used.

It measures the volume of a liquid correct

to 1 cm3.

iv. For more accurate measurement, a burette is used which can measure the volume of a

liquid correct to 0.1 cm3.

v. Volumetric flasks are used to measure fixed volumes of liquids. Volumetric flasks of

100 cm3, 250 cm3, 500 cm3 and 1 dm3 are available in the laboratory.

Volumetric flasks are also used for preparing solutions of known concentrations.

How to Read the Volume of a liquid?

- Whenever a liquid is placed in a container, it forms a curved

surface. This curved surface is called meniscus.

- A meniscus may be concave or convex.

- To read the volume of a liquid, align your eyes to the liquid

level. If the meniscus is concave, read off the scale at the

bottom of the meniscus. If the meniscus is convex, read off

the scale at the top of the meniscus.

Unit 1.1 Experimental Design11

fig. 1.1.4

1 m3 =  1000 dm3

1 dm3   =  1000 cm3

1 L =  1 dm3

1 L =  1000 ml

beaker measuring

cylinder

volumetric flask

pipette

burette

fig. 1.1.5

correct

reading

convex

meniscus

correct

reading

concave

meniscus fig. 1.1.6



1.1.2 Collection of Gases
- In a chemical reaction where a gas is given off, the speed of a chemical reaction can be measured

by recording the volume of gas given off in a certain time

interval. For this purpose gas syringes are used.

- A common gas syringe can measure the

volume of a gas upto 100 cm3.

- To collect a gas, two properties may be taken

into consideration:

i. its density with respect to air

ii. its solubility in water

- There are three methods to collect gases,

i. Displacement of water

ii. Downward Delivery (or Upward Displacement of Air)

iii. Upward Delivery (or Downward Displacement of Air)

Displacement of water

- This method is suitable for collecting

gases that are insoluble or slightly

soluble in water such as carbon dioxide

(CO2), hydrogen (H2) and oxygen (O2).

In this method, the gas is passed through

water into an upside down jar full of water;

the gas starts collecting on the top while

the water gets displaced downwards.

Downward Delivery

- This method is suitable for collecting gases that are soluble

in water and denser than air such as chlorine (Cl2) and

hydrogen chloride (HCl). In this method, the gas is introduced

in a gas jar. Being heavier it starts settling at the bottom and

leaving the air to escape from the mouth of the jar.

This method is also called upward displacement of air.

Upward Delivery

- This method is suitable for collecting gases that are soluble in

water and lighter than air such as ammonia (NH3). In this

method, the gas is introduced into an upside down gas jar.

Being lighter than air, the gas starts rising at the top and leaves

the air to escape from the bottom end of the jar.

This method is also called downward displacement of air.

- Generally, a gas is considered to be less dense than air if its

molecular mass is less than 30.
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gas syringe

reaction mixture

delivery tube

fig. 1.1.7

fig. 1.1.8

gas gas collected

water

air escapesgas

gas collected

fig. 1.1.10

air escapesgas

gas collected

fig. 1.1.9



- The table given as below shows the solubility and density of some common gases.

Drying of Gases

- Some gases when collected over water contain water vapour as impurity. In order to collect a dry

sample of a gas, it should be passed through a drying agent.

- Some commonly used drying agents are

i. conc. sulfuric acid (H2SO4)

ii. quicklime i.e. calcium oxide (CaO)

iii. sodalime (mixture of sodium hydroxide and calcium hydroxide)

iv. fused calcium chloride (CaCl2) i.e. calcium chloride that has been previously heated

- Different sets of apparatus are used for different gases and drying agents.

Using Conc. Sulfuric Acid (H2SO4)

- To dry a gas with concentrated sulfuric acid, a double

neck bottle or a conical flask with two delivery tubes

(see fig. 1.1.12) are used. The tube introducing the gas

should be immersed in the acid while the exiting tube

should remain out of the acid.

- Concentrated sulfuric acid is used to dry gases such

as chlorine (Cl2) and hydrogen chloride (HCl). It

cannot be used for ammonia (NH3) which is alkaline

and leads to a chemical reaction.

Using Solid Drying Agents

- Solid drying agents such as

quicklime, sodalime or fused

calcium chloride are used for

drying gases which may react

with conc. sulfuric acid e.g.

ammonia (NH3).

- The drying of gases through

solid drying agents require a

U-shaped tube or a specially

designed jar with two openings

one at the bottom and the

other at the top.
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table 1.1.11

hydrogen

oxygen

chlorine

carbon dioxide

ammonia

hydrogen chloride

Gas Density

less denser

slightly denser

denser

denser

less denser

denser

insoluble

slightly soluble

soluble

slightly soluble

extremely soluble

very soluble

Solubility in Water

moist gas
in

dry gas
out

conc. sulphuric
acid

fig. 1.1.12

fig. 1.1.13

dry gas out

dry gas
out

moist gas
in

lumps of
drying agent

lumps of
drying agent

moist gas
in
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Content

1.2 Methods of Purification and Analysis

Learning Outcomes

Candidates should be able to:

(a) describe methods of purification by the use

of a suitable solvent, filtration and 

crystallisation, distillation and fractional 

distillation, with particular references to the

fractional distillation of crude oil, liquid air

and fermented liquor

(b)  suggest suitable methods of purification, 

given information about the substances 

involved

(c) describe paper chromatography and 

interpret chromatograms including 

comparison with �known� samples and the

use of Rf values

(d)  explain the need to use locating agents in

the chromatography of colourless 

compounds

(e)  deduce from the given melting point and 

boiling point the identities of substances 

and their purity

(f) explain that the measurement of purity in

substances used in everyday life, e.g. 

foodstuffs and drugs, is important

UNIT 1.2

Methods of

Purification

and Analysis

O Level Chemistry (5070)

Revision Guide



Pure and Impure Substances

- A pure substance is a single substance i.e. it is made up of same particles.

- An impure substance is mixture of two or more substances that are not chemically combined.

Purity of a Substance

- A pure solid has a fixed and exact melting point.

- Presence of impurity lowers the melting point and causes the substance to melt over a range of 

temperature. For example, pure ice melts at exactly 0 °C at normal atmospheric pressure. When

salt is added, it lowers the melting point to values between -5 °C to -25 °C, depending upon the 

quantity of salt added.

- In cold countries, salt is spread on icy roads to melt the ice. Similarly, sea water does not freeze

at 0 °C rather it freezes at much lower temperature due to the presence of dissolved salts.

- A pure liquid also has a fixed and exact boiling point.

- Presence of impurity raises the boiling point and causes the liquid to boil over a range of temperature.

For example, pure water boils at exactly 100 °C at normal atmospheric pressure. When salt is 

added, it raises the boiling point to values between 105 °C to 112 °C, depending upon the quantity

of salt added.

1.2.1 Purification and Separation Techniques
- Purification means to remove unwanted materials from a given substance.

- In chemistry, the term purification is applied to a physical process in which different components

of a mixture are separated using physical methods.

- Many purification techniques are used to purify mixtures. While choosing a suitable technique, 

one should take into account the properties of each substance present in the mixture.

- Some of the commonly used purification techniques are:

Unit 1.2 Methods of Purification and Analysis16
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magnetic separation

decanting

filtration

sublimation

evaporation to dryness

desalination

crystallization

simple distillation

fractional distillation

separating funnel

chromatography

table 1.2.1

Separation Technique

separates magetic materials from non-magnatic materials

separates large insoluble solid particles from liquid

separates small insoluble solid particles from liquid

separates a substance that sublimes from one that does not

separates a soluble substance from its solution

separates salts from sea water

separates a soluble substance from its solution through heating

separates a liquid from its solution

separates two or more miscible liquids

separates two or more immiscible liquids

separates two or more compounds with similar properties

What Separates ....... ?
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mixture

impurities

suspension

precipitate

filter or filter medium

filtrate

residue

sublimate

solution

solute

solvent

saturated solution

saturation point or

crystalisation point

distillate

fraction

miscible liquids

immiscible liquids

dye

chromatogram

locating agent

solvent front

table 1.2.2

Term

an impure substance  containing two or more substances that are not

chemically combined

unwanted materials present in a given substance

a mixture in which insoluble solid particles are suspended in a liquid

an insoluble solid substance formed in a solution as the result of a

chemical reaction

the porous material through which only liquids and dissolved substances

can pass through but solids or suspended particles are left behind.

Filter paper, closely packed glass fibres, cotton, woven wire, cloth,

sand etc. are some important filter media.

the liquid or dissolved substance that is obtained after passing the

mixture through a filter

the insoluble solid particles that are left behind on the filter during

filtration

the substance that sublimes upon heating

a homogeneous mixture of two or more substances

a component of solution in lesser amount

a component of solution in larger amount

a solution that contains maximum amount of dissolved solid at a given

temperature

the point at which the greatest possible amount of a solid substance

is present in the solution at a given temperature

the pure liquid obtained by distillation

a component of a mixture separated after fractional distillation

two or more liquids that are able to dissolve into each other

two or more liquids that are unable to dissolve into each other

any coloured substance

the chromatography paper with separated components

a substance, usually a liquid that helps to separate and analyse

colourless substances in chromatography by reacting with the colourless

substances to form coloured spots on the chromatogram

the furthest distance travelled by the solvent along the chromatography

paper

Meaning

Key Terms

- The following are the important terms used in separation techniques.



Magnetic Separation

- Magnetic Separation is used to separate magnetic substances

such as iron, nickel, cobalt and steel from non-magnetic substances.

Decanting

- Decanting is used to separate insoluble solids from a liquid by

carefully pouring the liquid away.

- Decanting is suitable for separating solid particles which are usually

larger in size and weight and settle at the bottom of the liquid.

- Although decanting is quick process but it is not so effective.

Filtration

- Filtration is used to separate small insoluble solid particles

or precipitates from a liquid by passing the mixture through

a porous material called filter or filter medium.

- The filter acts as a sieve that lets the liquid to pass

through it but prevents the solid to do so.

- A mixture of two solids can also be separated by

filtration if one of them is soluble in a solvent and

the other is not. For example, a mixture of sand

and salt can be separated by filtration using water

as solvent.

- Filtration is also suitable for separating solid

particles which are usually light in weight and

may form a suspension.

- Although filtration is a slow process but it gives

better results than decanting.

Sublimation

- Some substances such as ammonium salts, iodine, solid carbon dioxide and naphthalene, upon

heating sublime i.e. they directly change from solid to gaseous phase (or from gaseous to solid 

phase) without passing through an intermediate liquid phase. This phenomenon is called sublimation.
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fig. 1.2.3

fig. 1.2.4

mixture of insoluble solid
particles and a liquid

carefully pouring out the mixture
into another beaker

mixture separated

fig. 1.2.5

salt solution (filtrate)

sand (residue)

filter paper

mixture of

sand and

salt solution



.-The technique of sublimation can be used to separate

a substance that sublimes (sublimate) from one that

does not. For example, when a mixture of iodine and

sand is heated, iodine sublimes i.e. it directly turns

into vapour. When these vapour touch a cold surface,

they solidify again and are thus separated from sand.

Evaporation to Dryness

- Evaporation to dryness is used to separate soluble

solids from a solution by evaporating the solvent.

For example, when a solution of salt and water is

evaporated to dryness, solid salt is obtained.

- Sometime a gentle heat is required to increase the rate of evaporation.

- Slow evaporation produces large crystals while using heat produces small crystals.

- Strong heating is not recommended as many substances decompose when they are heated 

strongly. For example, sugar decomposes to water and carbon when its solution is heated strongly.

Similarly, strong heat may release water of crystallization from crystals and leave them in powder

form. Another drawback of using this method is that soluble impurities present in the solution may

contaminate the solid to be recovered. For such substances, crystalization is a better technique.

- This method is also used in some countries to get salt from sea water.

Desalination (optional)

- Desalination is a process of removing salt from sea

water by distillation or by reverse osmosis.

- In reverse osmosis, sea water is passed through a

specially designed container with a semipermeable

membrane. An external pressure forces the water to

pass through the semipermeable membrane but

leaves behind the dissolved salts.
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fig. 1.2.6

cotton plug

solidified iodine

(sublimate)

mixture of

iodine and sand

iodine vapour

perforated

asbestos sheet

wet cloth to cool

solution of

soluble salt

filter off any insoluble

impurity if present

fig. 1.2.7

leave the solution to dry,

crystals of salt left in the dish

evaporate gently to reduce

the volume of solution

fig. 1.2.8

applied pressure

salty water pure water

semipermeable membrane

water in

water out



Crystalization

- Crystalization is used to separate soluble salts from a liquid by cooling their saturated solutions.

- This technique is suitable for substances that decompose on heating.

- In order to separate a soluble solid from its solution, first evaporate some of the solvent by heating

the solution to saturation point and get a hot saturated solution. Now allow this solution to cool 

to room temperature. This makes the dissolved solid to reappear as pure crystals.

- The following diagram shows the various steps to obtain pure crystals from a salt solution.
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- If other soluble impurities are present in the solution, they remain there as soluble during cooling

process while the pure crystals can be separated by filtration.

Simple Distillation

- Simple distillation is used to separate a pure liquid (solvent) from its solution by heating the 

mixture upto its boiling point and then condensing the vapour.

- This technique is used to obtain pure water from a salt solution.

solution of

soluble salt

filter off any insoluble

impurity if present

fig. 1.2.9

heat the filtrate to

saturation point

formation of crystals on a

dry, cold glass rod confirms

the saturation point.

filter the crystals and wash

them with cold water

remove the filtrate from fire

and leave it to cool

and crystallise.

dry the crystals on a piece of

filter paper



- The following diagram shows the various steps to obtain pure liquid from a salt solution.

i. Heat the solution in a distillation flask.

ii. The vapour rises and enters the

condenser where they are cooled

and change back to liquid.

iii. Pure liquid is collected as

distillate in the flask.

iv. The salt solution in the distillation

flask becomes more and more

concentrated as distillation

proceeds. If distillation continues,

a solid residue of salt is left behind.

- While carrying out simple distillation,

keep the following points in mind:

i. The bulb of thermometer should

not be dipped into the solution,

rather it should be placed just

beside the side arm of the distil-

lation flask. This ensures that the

thermometer measures the boiling point of the liquid that is being distilled.

ii. Add boiling chips to the solution before heating. Boiling chips are small, insoluble stones

made of calcium carbonate or silicon carbide. They allow the solution to boil smoothly 

and save the distillation flask from overheating and cracking.

iii. The condenser should be placed in a downward sloping position so that the distillate can

run into the flask easily.

iv. Cold water should run in the condenser from bottom to top for better cooling of the vapour.

Separating Funnel

- Liquids which do not mix together are called

immiscible liquids. For example, water and oil

are immiscible in each other.

- When immiscible liquids are shaken, they may

appear to mix. In this state, they form a mixture

called emulsion. After some time, the emulsion

separates into different layers of liquids.

- A separating funnel is used to separate a

mixture two immiscible liquids. For this purpose,

put the two liquids into a separating funnel and

 leave them for a short time to settle out and form

two layers. The tap of the funnel is then opened

and the bottom liquid is allowed to drain out

leaving the top liquid in the funnel.
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water out

water in

pure liquid
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boiling chips

distillation

flask condenser

fig. 1.2.10

fig. 1.2.11

oil

water oil

water



Unit 1.2 Methods of Purification and Analysis22

Fractional Distillation

- Liquids which mix together completely and form a solution are called miscible liquids. For example

water and ethanol are miscible in each other.

- To separate a mixture miscible liquids a technique called fractional distillation is used.

- The following diagram shows the various steps to separate water - ethanol mixture.

i. Heat the mixture in the flask.

At about 78 °C, the ethanol

begins to boil. Some water

evaporates, too. So a mixture

of ethanol vapour and water

vapour rises up the column.

ii. The vapour condenses on

the glass beads in the frac-

tionating column, making

them hot.

iii. When the temperature of

beads reach about 78 °C,

ethanol vapour no longer

condenses on them. Only

the water vapour does. So

water drips back into the

flask. The ethanol vapour

goes into the condenser. At

this stage, the thermometer

shows a steady temperature

of 78 °C which is, in fact, the

boiling point of ethanol.

iv. In the condenser, ethanol

vapour condenses. Pure liquid ethanol drips into the flask as distillate.

v. When all the ethanol has distilled over, the thermometer reading rises to 100 °C which 

is the boiling point of water. At this temperature, water starts distilling over and can be 

collected in a separate flask.

- Fractional distillation has some very important applications in industries.

i. Fractional distillation is used in oil refineries to separate crude oil into useful fractions 

such as petrol, diesel, lubricating oil etc.

ii. It is used in separating ethanol from glucose during fermentation. Ethanol is used as a 

solvent, and as car fuel.

iii. It is also used to separate gases like nitrogen, oxygen and argon from air. For this purpose,

the air is cooled and compressed until it is liquified. The liquid air is fractionally distilled 

and the gases boil off one by one.

fig. 1.2.12
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Chromatography

- The word chromatography is derived from the Greek word khromotos which means colour 

writing.

- Chromatography is a technique that is used to separate the components of a mixture by passing

it in a solvent along a medium in which the components move at different rates.

- With the help of chromatography, one can

i. determine the purity of a substance,

ii. find the number of components present in a mixture,

iii. identify the components present in a mixture (coloured or colourless).

- Chromatography is based upon two principles:

i. Different substances have different solubilities in the same solvent.

ii. The more soluble the substance is, the longer distance it is carried away by the solvent.

Paper Chromatography

- Chromatography is carried out in various ways but the most popular is paper chromatography.

- Paper chromatography involves a piece of filter paper as medium and water or ethanol as solvent.

- Paper chromatography is used to separate dyes in inks, pigments from plant materials, amino 

acids obtained from proteins, to identify poisons or drugs, and to detect traces of banned substances

in food.

- In ascending type of paper chromatography,

i. Take a strip of filter paper

and draw a line with a

pencil about 1 cm from

one end of the strip.

ii. Put a drop of the mixture

or dye on the pencil line

and allow the drop to dry.

iii. Dip the end of the paper

nearer the spot of ink in a

solvent e.g. water or ethanol.

iv. The solvent starts moving up carrying the dyes along.

v. After a short while, different components of the dye will separate in the form of spots.

- The chromatography paper with separated components

is called a chromatogram.

- A pure substance shows only one spot on a chromatogram.

- An impure substance or mixture shows two or more spots

on a chromatogram.

- If the spot of a substance does not move, this means the

substance is insoluble in the given solvent. To get the

result, use a different solvent in which the substance is

soluble.
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Rf value

- In chromatography the identification of components and their purity can be decided by taking their

retention factors or Rf values.

- Retention factor or Rf value is, in fact, the ratio of the distance travelled by a component of a 

mixture on a chromatography paper to the distance travelled by the solvent.

i.e.

- The Rf value of a substance is fixed as

long as chromatography is carried out

under the same conditions i.e. the same

solvent and the same temperature.

- The leading or furthest edge of the

solvent along the chromatography paper

is called solvent front and its distance is

measured from the pencil line.

- The Rf  value of a substance is always

less than 1 because the solvent front

moves furthest on the chromatogram

as compared with the substances it

dissolves.

Chromatography on Colourless Substances

- Chromatography can also be used for colourless substances such as amino acids. For this purpose

a locating agent is also applied on a chromatogram. In some cases, ultraviolet radiation can also

be used instead of a locating agent.

- Ninhydrin is often used as a locating agent. It gives a blue colourataion with amino acids.

- To separate and analyse various types of amino acids present in a sample, follow the steps given

below:

i. Separate the mixture of amino acids by paper chromatography using a suitable solvent.

ii. Before the solvent reaches the top of the paper, stop the process and dry the paper.

iii. Spray a locating agent onto the paper. The locating agent reacts with each of the amino

acids and form coloured spots on the paper.

iv. By measuring the Rf value of each coloured spot, the different amino acids can be detected.

Unit 1.2 Methods of Purification and Analysis24

after a short time

solvent front

solvent front

6
.4

 c
m

3
.5

 c
m

5
 c

m

4
.5

 c
m

after a longer time

4.5 cm

6.4 cm
Rf = = 0.7

3.5 cm

5 cm
Rf = = 0.7

fig. 1.2.15

distance travelled by a component of a mixture

distance travelled by solvent
Rf value =



Unit 1.3 Identification of Ions and Gases25

Syllabus 2017 - 2019

Content

1.3 Identification of Ions and Gases

Learning Outcomes

Candidates should be able to:

(a) describe the use of aqueous sodium 

hydroxide and aqueous ammonia to identify

the following aqueous cations:

aluminium, ammonium, calcium, 

chromium (III), copper (II), iron (II), iron (III)

and zinc (formulae of complex ions are not

required)

(b) describe tests to identify the following 

anions:

carbonate (by the addition of dilute acid 

and subsequent use of limewater); chloride

(by reaction of an aqueous solution with 

nitric acid and aqueous silver nitrate); iodide

(by reaction of an aqueous solution with 

nitric acid and aqueous silver nitrate); nitrate

(by reduction with aluminium and aqueous

sodium hydroxide to ammonia and 

subsequent use of litmus paper), sulfate 

(by reaction of an aqueous solution with 

nitric acid and aqueous barium nitrate), 

and sulfite (by warming with dilute acid)

(c) describe tests to identify the following 

gases:

ammonia (using damp red litmus paper); 

carbon dioxide (using limewater); chlorine

(using damp litmus paper); hydrogen (using

a burning splint); oxygen (using a glowing

splint) and sulfur dioxide (using acidified 

potassium manganate (VII))

(d)  describe a chemical test for water
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1.3.1 Identification of Ions
- A soluble salt when dissolved in water dissociates into positive and negative ions. Positive ions 

are called cations while negative ions are called anions.

- A chemist, sometimes, has to find an unknown salt dissolved in a solution by identifying its cations

and anions using chemicals called reagents.

Identification of Cations

- The reagents used to identify cations are aqueous sodium hydroxide (NaOH(aq)) and aqueous 

ammonia (NH3(aq)).

- To identify a cation using the reagents, follow these steps:

i. Add a few drops of reagent in the solution and note the colour of the precipitate produced.

ii. Add the reagent in excess and note whether the precipitate is soluble or insoluble.

Unit 1.3 Identification of Ions and Gases
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copper (II) ion (Cu2+)

table 1.3.1

Cation

Aq. Sodium Hydroxide Aq. Ammonia

on adding a

few drops

on adding in

excess

on adding a

few drops

on adding in

excess

ammonium ion (NH4
+) no ppt. no ppt.

no ppt. no ppt.

iron (II) ion (Fe2+)

iron (III) ion (Fe3+)

chromium (III)

ion (Cr3+)

aluminium ion (Al3+)

zinc ion (Zn2+)

calcium ion (Ca2+)

light blue ppt.

green ppt.

red brown ppt.

green ppt.

white ppt.

white ppt.

white ppt.

insoluble in

excess

insoluble in

excess

insoluble in

excess

soluble in excess,

giving a green

solution

soluble in excess,

giving a colour-

less solution

soluble in excess,

giving a colour-

less solution

insoluble in

excess

light blue ppt.

green ppt.

red brown ppt.

green ppt.

white ppt.

white ppt.

soluble in excess,

giving a deep

blue solution

insoluble in

excess

insoluble in

excess

soluble in excess,

giving a colour-

less solution

insoluble in

excess

insoluble in

excess
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Salt Solution

Add a few drops of NaOH(aq)

no ppt.

Check ppt. formed or not ?

ppt. formed

Check the colour

of ppt. formed

white ppt. reddish brown ppt. green ppt.

NH4
+

Add NaOH(aq)

in excess

Add NaOH(aq)

in excess

ppt. dissolved

light blue ppt.

Cu2+

ppt. undissolved

Fe3+

Fe2+Cr3+

ppt. dissolved ppt. undissolved

Ca2+Zn2+Al3+

Salt Solution

Add a few drops of NH3(aq)

no ppt.

Check ppt. formed or not ?

ppt. formed

Check the colour

of ppt. formed

white ppt. reddish brown ppt. green ppt.

NH4
+

Add NH3(aq)

in excess

light blue ppt.

Cu2+

ppt. undissolved

Fe3+

Fe2+Cr3+

ppt. dissolved ppt. undissolved

Al3+Zn2+

Ca2+

Add NH3(aq)

in excess

- The following schematic diagrams are easy to remember the rules for the identification of cations.

fig. 1.3.2

fig. 1.3.3
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Identification of Anions

- There are different reagents used to identify anions present some common salt solutions.

table 1.3.4

carbonate ion (CO3
2-)

Anion Test Observation & Inference

Effervescence is observed.

The gas given off turns lime

water milky showing that the gas

is CO2.

chloride ion (Cl-)

ioide ion (l-)

White ppt. of silver chloride is

formed.

Yellow ppt. of silver ioide is

formed.

White ppt. of barium sulfate is

formed.
sulfate ion (SO4

2-)

nitrate ion (NO3
-)

Effervescence is observed.

The moist red litmus paper turns

blue showing that the gas given

off is NH3.

A gas is given off which might be

sulfur dioxide (SO2).

sulfite ion (SO3
2-)

The pink/purple colour of the

solution turns colourless.

Add dilute acid e.g. HCl(aq) or

H2SO4 (aq).

Pass the gas given off into lime

water.

Add dilute nitric acid, then add

aqueous silver nitrate.

Add dilute nitric acid, then add

aqueous barium nitrate.

Add dilute nitric acid, then add

aqueous silver nitrate.

Add aqueous sodium hydroxide,

then add a piece of aluminium

foil. Warm the mixture.

Test the gas given off with a

piece of moist red litmus paper.

Add dilute hydrochloric acid and

warm the reaction mixture.

Pass the gas given off through

pink/purple solution of acidified

potassium manganate (VII).
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1.3.2 Identification of Gases

table 1.3.5

hydrogen (H2)

Gas

no colour

no odour

Colour & Odour

Place a lighted splint in the gas. The lighted

splint extinguishes with a pop sound.

Test & Observation

oxygen (O2)
no colour

no odour

Introduce a glowing splint into the gas. The

glowing splint rekindles.

carbon dioxide (CO2)
no colour

no odour

Bubble the gas through limewater. The lime-

water turns milky.

sulfur dioxide (SO2)
colourless with a

pungent smell

Pass the gas through acidified potassium

manganate (VII) solution. The pink/purple colour

of the solution turns colourless.

ammonia (NH3)
colourless with a

pungent smell

Introduce a piece of moist red litmus paper into

the gas. The moist red litmus paper turns blue.

chlorine (Cl2)

greenish-yellow in

colour with a

pungent smell

Introduce a piece of moist blue litmus paper

into the gas. The moist blue litmus paper turns

red, and then bleaches.

1.3.3 Chemical Test for Water
- To identify that a liquid produced in a chemical reaction is water, there are two tests:

Introduce a piece of cobalt (II) chloride paper

near the heated sample.

Test

Cobalt (II) chloride paper changes from blue to

pink showing that the sample contains water.

Observation

Add a few drops of the sample to anhydrous

copper (II) sulfate.

Anhydrous copper (II) sulfate changes from

white to blue.

table 1.3.6
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