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L ®8% Domain: 5.7
= | relates properties of_elements, compounds and mixtures to scientific
== models, theories and laws

What is an Element?

An element is a simple pure substance which cannot be made simpler using chemical means. A pure substance is a
form of matter that has the same composition throughout. Elements are the building blocks of matter. Everything
around us is made up of an element or elements.
All the known elements are listed in a special table called the Periodic Table. There are 115 known elements. 92 of
these elements occur naturally. Of the 92 naturally occurring elements there are:
* 11 gases (hydrogen, oxygen, nitrogen, fluorine, chlorine, helium, neon, argon, krypton, xenon & radon);
* 2 liquids (mercury and bromine);
* 79 solids (mostly metals).

Note: the elements are in these states at room temperature (25°C).
Each element in the table is denoted by a symbol. The symbol for
sodium is shown.
You will need to learn some of the symbols given on the Periodic
Table.
An element is made up atoms joined together. The atoms are all the
same for a particular element. For example, copper is made up of
copper atoms, iron is made up of iron atoms etc.

Atomic
number

Symboll

Some important facts about elements include: An element is made up of atoms

] N which are all the same:
M The most common element on Earth is oxygen (about 50%):
M The least common naturally occurring element is Astatine;
M Thg rr\c?sf recently discovered element was Ununoctium - it was produced
artificially.
M Scientists believe that all matter in the universe is composed of the
same elements that are present on Earth.

What is a Compound?

A compound is a pure substance that consists of atoms of two or more elements joined together. Compounds are
formed when atoms of different elements react together. Compounds can be decomposed into elements using
chemical means. Most pure substances are compounds.

Compounds have a chemical formula. The chemical formula is made up from the symbols of the elements in the
compound. It also indicates the number of atoms of each element in the compound. An example of a very important
compound is water. Water is made up of two elements- hydrogen and oxygen. The chemical formula for water is
shown.

Other important compounds are:

N -
-~ @ -
< *
Compound: Formula: - rx‘ The
v =
. . L4 bol
sodium chloride (common salt used NaCl I I O Syrfr;ro
for cooking) The symbol for 2 oxygen.
— - hydrogen. (H) (0)
carbon dioxide (a gas found in the CcO,
atmosphere)
The formula indicates there are two (2) hydrogen
sucrose (common sugar) CIZHZZOII atoms for every one (1) oxygen atom.

The elements which react together to form a compound have different properties to the compound formed. For
example, sodium (a very reactive metal) can combine chemically with chlorine (a poisonous gas) to form sodium
chloride, a chemically harmless white powder which we call salt.



ELEMENTS, COMPOUNDS & MIXTURES

What is a atoms (f.Q. ron):

malecules (8,3. oxygeni:s

Mixture?

A mixture is made up of two or more
pure substances. These substances
are not joined chemically and can be
separated without using chemical
means. Mixtures are said to be
impure.

An example of a mixture is air. It is Compound
made up of nitrogen, oxygen and oth-
er gases. These gases are not chemi-
cally combined.

Mixtures can be separated into the
substances which make up the mix-
ture. Methods of separating mixtures
include filtration, distillation and Mixture
chromatography. {atoms &

molecules)
What is a Molecule?

Atoms can be bound together as a

molecule. Elements can be in the form of molecules. For example,

oxygen consists of molecules which are two oxygen atoms bound together (O,). Compounds can also be in the form of
molecules. An example of a molecule which is a compound is carbon dioxide (CO;). Water is also a compound which
consists of molecules. Compounds can also have a crystalline structure. For example, sodium chloride (table salt) is
crystalline when not dissolved in water.

Element

OO0O00000
CCCOOCO00
CCCOCCO00

milecule fg,q. methanal:

crystal (e,g. sodium chlorided:

® @

Questions:

. What is an element?

. What is a pure substance?

. Complete the sentence: “elements are the building blocks of
. Complete the sentence: “ the known elements are listed in the
. How many known elements are there?

. What are the elements made up of?

. What is the most common element on Earth?

. What is a compound?

. How are compounds formed?

10. Complete the sentence: “ most pure substances are

11. What does a chemical formula show?

12. (a) What is the chemical formula for water? (b) What elements are in water?

(c) What is the ratio of hydrogen atoms to oxygen atoms in water?
13. What is the formula for: (a) sodium chloride; (b) carbon dioxide; (c) sucrose? *

OCoO~NOOP,OWN -~

14. Complete the sentence: “sodium chloride is common

15. In sucrose, what is the ratio of atoms for each element?
16. What is a mixture made up of?
17. Complete the sentence: “mixtures are not joined |
and can be ”
18. (a) What is a molecule? sf;;?g: Bf‘, @ﬁgﬁ_ tvg eomrerzntosre C
(b) Name an element which exists as ical means combined
a molecule. I |

(b) Name a compound which exists as A B
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20. On your Periodic Table:
* colour in the elements which are gases;
* colour in the elements which are liquids.
Include a suitable key e.g.

Solid

21. Complete the following table by finding the information on your Periodic Table:

Element Atomic | Symbol | State Element Atomic | Symbol | State

Number (s,1 or g) Number (s,7 or g
Hydrogen 1 Argon 18
Helium 2 Potassium 19
Lithium 3 Calcium 20
BerylT1ium 4 Iron 26
Boron 5 Copper 29
Carbon 6 zinc 30
Nitrogen 7 Bromine 35
oxygen 8 Silver 47
Fluorine 9 Tin 50
Neon 10 Iodine 53
Sodium 11 Barium 56
Magnesium 12 Platinum 78
Aluminium 13 Gold 79
Silicon 14 Mercury 80
Phosphorus 15 Lead 82
Sulfur 16 Uranium 92

Chlorine 17
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20. On your Periodic Table:
* colour in the elements which are gases;
* colour in the elements which are liquids.
Include a suitable key e.g.

Solid

21. Complete the following table by finding the information on your Periodic Table:

Element Atomic | Symbol | State Element Atomic | Symbol | State

Number (s,1 or g) Number (s,7 or g
Hydrogen 1 H g Argon 18 Ar g
Helium 2 He g Potassium 19 K s
Lithium 3 L1 S Calcium 20 Ca S
BerylT1ium 4 Be s Iron 26 Fe s
Boron 5 B s Copper 29 Cu s
Carbon 6 C s zinc 30 Zn S
Nitrogen 7 N g Bromine 35 Br 1
oxygen 8 0 g Silver 47 Ag s
Fluorine 9 F g Tin 50 Sn s
Neon 10 Ne g Iodine 53 I s
Sodium 11 Na s Barium 56 Ba s
Magnesium 12 Mg S Platinum 78 Pt S
Aluminium 13 Al s Gold 79 Au S
Silicon 14 S1i S Mercury 80 Hg 1
Phosphorus 15 P s Lead 82 Pb s
Sulfur 16 S S Uranium 92 U s

Chlorine 17 Cl g
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describes observed properties of substances using scientific models and

Types of Mixtures

Mixtures can be classified as homogenous or heterogenous. A homogeneous mixture appears to be made up of a
single state of matter and has the same composition throughout. Solutions are said to be homogeneous.

Mixtures made up of two or more states of matter are heterogeneous mixtures. Heterogeneous mixtures can also
consist of one state of matter which contains different materials. Suspensions and rocks containing useful minerals

are generally heterogeneous mixtures.

same composition
throughout

solutions

evaporation
crystallisation
distillation
chromatography

What is a Solution? -

heterogeneous'

Y
composition is
different
throughout
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suspensions
&
ore minerals

Y

methods pf
separating
mixtures

filtration
sedimentation
magnetic separation
froth flotation

A solution is formed when one substance dissolves in another. The substance which is in the larger amount (the

major component) is called the solvent. The other substance (the minor component) is called the solute. Generally,
we will deal with solutions in which water is the solvent.
A substance which dissolves in another substance is said to be soluble. A substance which does not dissolve is said

to be insoluble.



SEPARATING MIXTURES
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Types of Solutions-

Type of Solution Examples

solid dissolved in a Tiquid |* sugar dissolved in water

Tiquid dissolved in a Tiquid |* ethanol (an alcohol) dissolved in water

gas dissolved in a liquid * carbon dioxide dissolved in water- as in soda water

Three important processes used to separate the components of a solution are:

Evaporation & Crystallisation-

The process of evaporation leads to the separation from a
solution of a solute in the form of crystals. Crystallisation is
the process of growing crystals of a solid from a solution.
Impure crystalline substances can be recrystallised o
remove impurities.

Common table salt (sodium chloride) is crystallised from sea
water by evaporation. It is purified by recrystallisation.

Crystallisation:

solution of salt

crystals of salt

evaporation

—

Distillation-

Distillation is the process whereby a liquid is purified by
being turned into a vapour (gas) and then allowing the vapours
to condense in another container. Distillation is used for
separating:

* two or more liquids mixed together;
* dissolved solids from liquids.

For example, a mixture of water and alcohol could be
separated using this method.

Also the salt in saltwater could be separated from the water
using this method.

In distillation, the mixture is heated until the liquid(s) start
to boil and turn into a gas. Every liquid boils at a different
temperature. The condenser cools the gas down so that it
forms a liquid again (condenses). The liquids can be collected
as they boil at different temperatures.

distilTlation
flask

Apparatus for distillation:

condenser

Chromatography-

Chromatography is a method which separates substances
based on the rate at which a solvent will carry the
substances across an adsorbing surface. A substance is
adsorbed when it attaches to another material.

Paper chromatography can be used to separate a mixture of
coloured substances. The colours in black ink can be
separated using this method.

Paper dhromatography:

black
ink
dot

black
ink
separates
into
colours
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Suspensions & Rocks Containing Minerals-

A suspension is a liquid containing an insoluble material suspended in it. The material is referred to as a sediment when
it settles to the bottom of the container. Many minerals are used to manufacture metals. These minerals are called ore
minerals. They are mined from the ground and are usually found mixed with other minerals and rock material. The metal
mineral must be extracted from the mixture. Three important separations processes are:

Filtration is used to separate undissolved solids or

suspended matter from a liquid. For example, if muddy water filter funnel

is filtered, the mud particles can be separated from the &
water. Filtration usually involves pouring the mixture through retort ring

filter paper. The liquid which passes through the filter paper
is called the filtrate. The solids collected in the filter paper
is called the residue.

A suspension can also be allowed to stand so that the solid
matter drops to the bottom of the container. This is —
referred to as sedimentation. The process of sedimentation
can be accelerated by using a centrifuge. A centrifuge spins
rapidly so that the sediments move towards the base of the

container.

Magnetic separation- Magnetic separation:
In the separation of some ores use is made of the fact that

one mineral will be more strongly attracted to a magnet than mixed ore

another. The ore is crushed and then dropped on to a
conveyor belt. The rollers which turn the conveyor belt are
maghetic. The non-magnetic minerals drop directly from the
end of the conveyor belt into a chute. The magnetic minerals
travel further being attracted to the roller. When the
magnetic force is too weak to support the magnetic mineral,
it drops into a second chute.

conveyor belt
with
magnetic rollers

©

°
M ©
v

©
v

\magnetic ore H * \non—magneti c ore
Froth flotation- Froth flotation: oo [l g e f froth
This method is used extensively to separate minerals from " ' with

. . . , . froth carries
useless rock material. The minerals are ‘wetted' by a special | nineral to the

oil. This oil helps the mineral grains adhere to the froth. In surface
the froth flotation tank, air is bubbled through the water
containing the minerals and detergent. The froth produced rotating blades
carries the light mineral to the surface. The froth carrying draw 1in air and
the mineral grains is collgc’red from the top of the tank and 1;12#]1 ?n%gdeg%ﬁ
undergoes further chemical tfreatment.

solid
sticking
to them

magnified




SEPARATING MIXTURES

Importance of Separation

Materials we use either originate directly from the Earth’s ground, oceans or atmosphere, or they are extracted or
converted from other materials. These materials we use are called resources.

The separation processes we have examined are used to convert resources or to extract more useful products from
the resources. Other separation processes are used in chemical analysis and testing or reducing pollution and
contamination. Some examples are given in the table below:

Separation Process |Examples of uses:

Separation of salt from sea water. Salt is used in industry and to flavour food.
Extraction of raw sugar from sugar cane.

Evaporation &
Crystallisation

Distillation Turning saltwater into freshwater.

Manufacturing wines & spirits.

Extracting oxygen from air (fractional distillation).

Separating crude oil into components such as petrol (fractional distillation).
Producing asphalt for roads.

Extracting oils from plants, e.g. eucalyptus oil.

Identifying components of pesticides in water.
Identifying components of hydrocarbons in oil.
Identifying components of drugs in blood samples.
Identifying components of gases in air or exhaust fumes.

Chromatography

Filtration Purifying drinking water.
Cleaning water used in swimming pools.
Removing contaminants from fuel and oil.

Treating sewage in sewage plants.

Sedimentation Removing suspended solids from sewage in a sedimentation tank.

Magnetic Separation Extracting magnetic minerals from mineral (black) sands.

L I R L IR L (Y A O VA 2 IR VR

Froth Flotation

First step in extracting copper from its ore.

Questions:
1. What are the two classifications of mixtures?
2. (a) When is a solution formed? (b) What is the difference between the solute and solvent?
3. Give an example of the following solutions:

(a) a solid dissolved in liquid; (b) a liquid dissolved in a liquid; (c) a gas dissolved in a liquid.
a) What does evaporation lead to? (b) What is crystallisation?
a) What is distillation? (b) What can distillation be used for? (c) What is the function of the distillation flask?
d) What is the function of the condenser?
)
)

[$ 003

a) What is chromatography? (b) What does adsorb mean?
a) What is a suspension? (b) What do ore minerals contain which is useful to humans?
. (@) What is filtration? (b) What is the difference between the filirate and residue? (c) What is sedimen-
tation?
9. What type of minerals is magnetic separation useful for removing from a mixture?
10. (a) What is froth flotation used for? (b) Why are the minerals ‘wetted’ by oil?
(c) Why do you think detergent is added to the water in the froth flotation process?
11. List one (1) use for each separation process examined.
12. (a) The milk you buy is homogenised. What does this mean? What type of mixture is it?
(b) If milk is not refrigerated, what happens to it? What type of mixture is it now?

-
-
(
6. (
7.(
8




theories

Physical & Chemical Changes

Matter is constantly undergoing change. These changes are either:

Physical changes:

Chemical changes:

* no new substance is formed
* only a small amount of energy is

* new substances formed
* generally involves large amounts of

involved energy
* it is easy to reverse * more difficult to reverse
Examples: Examples:

* melting ice * freezing water
* melting butter * dissolving sugar

* burning wood * iron rusting
* dynamite exploding * petrol burning

Recognising a chemical

change:

1. Heat may be produced;

2. There may be a colour
change;

3. A gas may be produced
(bubbles may be seen);

4. The substance involved
in the reaction dissolves.




Questions:
. What is an element?
. What is a pure substance?
. Complete the sentence: “elements are the building blocks of
. Complete the sentence: “ the known elements are listed in the

. How many known elements are there?
. On your Periodic Table:
* colour in the elements which are gases; * colour in the elements which are liquids.

OO WN -

Include a suitable key e.g. Solid Licuid
ol 1qui

7. Draw up a table as shown. Use your Periodic Table to

Gas

complete the table for the following elements: Element [Atomic |State Symbol
* first twenty elements (1-20) plus: number | (solid,
iron, copper, zinc, bromine, silver, tin, barium, liquid or
gold, mercury & lead gas)
8. What are the elements made up of? 30 lines
9. What is the most common element on Earth?
10. What is a compound?
11. How are compounds formed?
12. Complete the sentence: “ most pure substances are ?
13. What does a chemical formula show?
14. (a) What is the chemical formula for water?
(b) What elements are in water?
(c) What is the ratio of hydrogen atoms to oxygen atoms in water?
15. What is the formula for: (a) sodium chloride; (b) carbon dioxide; (c) sucrose?
16. Complete the sentence: “sodium chloride is common i
17. In sucrose, what is the ratio of atoms for each element?
18. What is a mixture made up of?
19. Complete the sentence: “mixtures are not joined and can be ?
20. What are three methods used to separate mixtures?
21. Which separation method could be used to separate:
(a) the colours in black ink; (b) suspended matter in water; (c) salt from saltwater?
22. Classify the following as an element compound or
mixture.
*the diagram opposite may help; Is it listed in
* draw up a table with the headings element, the Periodic
compound, mixture for your answers. Table?
iron, air, sodium chloride, saltwater, concrete,
ice cream, aluminium, water, hydrogen, -
carbon dioxide, lemonade, sodium, No (move Does it have
lithium iodide, soup, nitrogen, iron sulfide to next col- |two words and
23. What are the two types of changes matter can umn) elements in its
undergo? . . name?
24. What are three differences between physical
o5 ?:Td C!}e'&i%}' (I*ihaqges? hvsical or chemical Yes- it is an: | No (move to Tt must be
. Classi e following as sical or chemica
changeys: g as phy element! |next column) a:
(a) margarine melts; (b) water boils; mixTur‘e!
(c) wax melts; (d) kerosene burns;
(e) aluminium corrodes. Yes- it is a:
compound!




Apparatus for distillation:

Apparatus for distillation:




Apparatus for distillation:

Apparatus for distillation:




