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				What isScience?

			

		

		
			
				Scientists try to explain the world around us and why things happen the way they do. They do this by observing objects and events, and recording what happens and when. Scientists will then use this information, or data, to test different ideas (known as hypotheses) to see if they really work.

				Even if the data supports an idea, things may change later. Advances in technology can reveal even more information that can change what we know completely!

				Whatever happens, scientists will continue to observe events and record and collect information, helping us to improve our scientific understanding of the Universe and everything in it. 
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				CHAPTER 1 – MATERIALS AND MATTER
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				States of matter

			

		

		
			
				Everything is made of matter – from the water flowing out of a tap to the clouds floating in the sky. Matter takes one of four different states, depending on the behaviour of the tiny particles that make it up.

			

		

		
			
				Solid

				The particles in a solid are held together by rigid bonds. They cannot move about so the solid keeps the same shape and volume.

				Liquid

				The particles in a liquid can slide over each other. A liquid can flow freely, but it will keep the same volume. It takes the shape of any container it is poured into.

				Gas

				The particles in a gas can move about freely. A gas does not have a fixed shape or volume, and it will fill any container it is put into.

				Plasma

				This is a form of gas in which the particles have an electric charge. Stars like our Sun are made of plasma.

			

		

		
			
				Water is one of the few materials that exist on Earth as a solid (ice), liquid (water) and a gas (water vapour). Can you find examples of each state of matter around your home?

			

		

		
			
				Now try this!

			

		

		
			
				Plasma makes up more than 99 per cent of the observable Universe. However, scientists believe that observable matter only makes up about 4 per cent of the Universe. The rest is strange stuff we can’t see, called dark matter and dark energy.
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				Changing state
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				Matter changes from one state to another when the amount of energy in its particles is altered. If you reduce the energy, the particles move more slowly and may even stop. Increase the energy, and the particles move more quickly and may fly apart.

			

		

		
			
				Sublimation

				Sublimation occurs when a solid turns into a gas without turning into a liquid first. Solid carbon dioxide, also known as dry ice, will sublimate at room temperature, forming white clouds of gas.

			

		

		
			
				If you reduce the temperature of a liquid enough, it will freeze. The particles slow down and the bonds between them strengthen. In the solid, the particles can only vibrate about fixed positions.
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				Solid

			

		

		
			
				Gas
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				Evaporation

				Evaporation occurs when a liquid turns into a gas at a temperature below its boiling point. Some of the particles in the liquid are moving fast enough to escape from the surface and form a gas.

			

		

		
			
				Condensing

			

		

		
			
				Boiling

			

		

		
			
				If you increase the temperature of a liquid enough, it will boil. Its particles fly apart to form a gas. When a liquid boils, bubbles of the gas form inside the liquid. The bubbles you see in boiling water are bubbles of steam, not air.

			

		

		
			
				As you increase the temperature of a solid, the particles vibrate more and more. Eventually they have enough energy to break the bonds holding them together. The solid melts to form a liquid.

			

		

		
			
				As you cool a gas, the particles move more slowly. As it gets even cooler, the particles eventually move slowly enough for them to come together and form a liquid. This is called condensation.
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				Melting
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				What is an atom?

			

		

		
			
				Electrons

				These tiny subatomic particles have much less mass than neutrons and protons. They have a negative electrical charge. They whizz around the atom’s nucleus in different layers, or shells.
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				Most of the matter in the universe is made up of atoms. They are too small to see even with powerful microscopes – millions could fit on the full stop at the end of this sentence. But even these tiny particles are made up of smaller subatomic particles.

			

		

		
			
				Nucleus

				At the centre of an atom is the nucleus. This is made up of subatomic particles called neutrons and protons.

			

		

		
			
				Neutrons are found in the atom’s nucleus. They have no electrical charge.

			

		

		
			
				Electron

			

		

		
			
				Proton

			

		

		
			
				Neutron
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				Protons are found in the atom’s nucleus. They have a positive electrical charge.
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				Making molecules

				Atoms aren’t usually found on their own. Instead, they join with other atoms to form particles called molecules.

			

		

		
			
				Oxygen molecule

				Made of two oxygen atoms joined together.

			

		

		
			
				Water molecule

				Made of two hydrogen atoms joined to one oxygen atom.

			

		

		
			
				Glucose molecule

				Glucose is a form of sugar. Its molecules contain six carbon atoms, 12 hydrogen atoms and six oxygen atoms.

			

		

		
			
				The number of protons and electrons in an atom are usually equal. Atoms may gain or lose electrons in chemical reactions, and plasma, as found in the Sun, consists of atoms which have had their electrons stripped from them.

			

		

		
			
				The number of protons in an atom determines what substance it makes. For example, all atoms containing 79 protons are gold atoms. A substance where all the atoms have the same number of protons is called an element.
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				Hydrogen atom

			

		

		
			
				Oxygen atom

			

		

		
			
				Carbon atom
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				Elements and the Periodic table
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				Scientists arrange elements in a grid called the Periodic Table. The elements are arranged according to their atomic number, which increases from left to right across each row. 

			

		

		
			
				The elements making up the block in the middle are called the transition metals. They include most of the common metals we see around us, such as iron, copper, silver and gold.

			

		

		
			
				The Periodic Table was developed in 1869 by the Russian chemist Dmitri Mendeleev.

			

		

		
			
				What’s in a name?

				Each element is given its own symbol. This can be the initials of the element’s name, such as C (carbon), or it can be a shortening of the element’s Latin name, such as Pb (short for the Latin plumbum, meaning lead). Some elements are named after famous scientists. For example, copernicium (Cn) is named after the Renaissance scientist Nicolaus Copernicus.

			

		

		
			
				Name and number

				Each element is shown with its mass number and its atomic number. The atomic number refers to the number of protons in one atomic nucleus of that element. The mass number refers to the total number of protons and neutrons in each atomic nucleus.

			

		

		
			
				Symbol

			

		

		
			
				Atomic weight

			

		

		
			
				Name

			

		

		
			
				Atomic number
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					H

				

			

			
				
					1

				

			

			
				
					Hydrogen

					1.0079

				

			

		

		
			
				
					Li

				

			

			
				
					3

				

			

			
				
					Lithium

					6.941

				

			

		

		
			
				
					Na

				

			

			
				
					11

				

			

			
				
					Sodium

					22.989768

				

			

		

		
			
				
					K

				

			

			
				
					19

				

			

			
				
					Potassium

					39.0983

				

			

		

		
			
				
					Rb

				

			

			
				
					37

				

			

			
				
					Rubidium

					85.4678

				

			

		

		
			
				
					Cs

				

			

			
				
					55

				

			

			
				
					Cesium

					132.90543

				

			

		

		
			
				
					Fr

				

			

			
				
					87

				

			

			
				
					Francium

					223.0197

				

			

		

		
			
				
					Mg

				

			

			
				
					12

				

			

			
				
					Magnesium

					24.305

				

			

		

		
			
				
					Ca

				

			

			
				
					20

				

			

			
				
					Calcium

					40.078

				

			

		

		
			
				
					Sr

				

			

			
				
					38

				

			

			
				
					Strontium

					87.62

				

			

		

		
			
				
					Ba

				

			

			
				
					56

				

			

			
				
					Barium

					137.327

				

			

		

		
			
				
					Ra

				

			

			
				
					88

				

			

			
				
					Radium

					226.0254

				

			

		

		
			
				
					Sc

				

			

			
				
					21

				

			

			
				
					Scandium

					44.95591

				

			

		

		
			
				
					La

				

			

			
				
					57

				

			

			
				
					Lanthanum

					138.9055

				

			

		

		
			
				
					Ac

				

			

			
				
					89

				

			

			
				
					Actinium

					227.0278

				

			

		

		
			
				
					Y

				

			

			
				
					39

				

			

			
				
					Yttrium

					88.90585

				

			

		

		
			
				57–71

			

		

		
			
				89–103

			

		

		
			
				
					Ti

				

			

			
				
					22

				

			

			
				
					Titanium

					47.88

				

			

		

		
			
				
					Ce

				

			

			
				
					58

				

			

			
				
					Cerium

					140.115

				

			

		

		
			
				
					Th

				

			

			
				
					90

				

			

			
				
					Thorium

					232.0381

				

			

		

		
			
				
					Zr

				

			

			
				
					40

				

			

			
				
					Zirconium

					91.224

				

			

		

		
			
				
					Hf

				

			

			
				
					72

				

			

			
				
					Hafnium

					178.49

				

			

		

		
			
				
					Rf

				

			

			
				
					104

				

			

			
				
					Rutherfordium

					(261)

				

			

		

		
			
				
					V

				

			

			
				
					23

				

			

			
				
					Vanadium

					50.9415

				

			

		

		
			
				
					Pr

				

			

			
				
					59

				

			

			
				
					Praseodymium

					140.90765

				

			

		

		
			
				
					Pa

				

			

			
				
					91

				

			

			
				
					Protactinium

					231.03588

				

			

		

		
			
				
					Nb

				

			

			
				
					41

				

			

			
				
					Niobium

					92.90638

				

			

		

		
			
				
					Ta

				

			

			
				
					73

				

			

			
				
					Tantalum

					180.9479

				

			

		

		
			
				
					Db

				

			

			
				
					105

				

			

			
				
					Dubnium

					(262)

				

			

		

		
			
				
					Cr

				

			

			
				
					24

				

			

			
				
					Chromium

					51.9961

				

			

		

		
			
				
					Nd

				

			

			
				
					60

				

			

			
				
					Neodymium

					144.24

				

			

		

		
			
				
					U

				

			

			
				
					92

				

			

			
				
					Uranium

					238.0289

				

			

		

		
			
				
					Mo

				

			

			
				
					42

				

			

			
				
					Molybdenum

					95.94

				

			

		

		
			
				
					W

				

			

			
				
					74

				

			

			
				
					Tungsten

					183.85

				

			

		

		
			
				
					Sg

				

			

			
				
					106

				

			

			
				
					Seaborgium

					(266)

				

			

		

		
			
				
					Mn

				

			

			
				
					25

				

			

			
				
					Manganese

					54.938

				

			

		

		
			
				
					Pm

				

			

			
				
					61

				

			

			
				
					Promethium

					144.9127

				

			

		

		
			
				
					Np

				

			

			
				
					93

				

			

			
				
					Neptunium

					237.0482

				

			

		

		
			
				
					Tc

				

			

			
				
					43

				

			

			
				
					Technetium

					98.9072

				

			

		

		
			
				
					Re

				

			

			
				
					75

				

			

			
				
					Rhenium

					186.207

				

			

		

		
			
				
					Bh

				

			

			
				
					107

				

			

			
				
					Bohrium

					(264)

				

			

		

		
			
				
					Fe

				

			

			
				
					26

				

			

			
				
					Iron

					55.847

				

			

		

		
			
				
					Sm

				

			

			
				
					62

				

			

			
				
					Samarium

					150.36

				

			

		

		
			
				
					Pu

				

			

			
				
					94

				

			

			
				
					Plutonium

					244.0642

				

			

		

		
			
				
					Ru

				

			

			
				
					44

				

			

			
				
					Ruthenium

					101.07

				

			

		

		
			
				
					Os

				

			

			
				
					76

				

			

			
				
					Osmium

					190.23

				

			

		

		
			
				
					Hs

				

			

			
				
					108

				

			

			
				
					Hassium

					(269)

				

			

		

		
			
				
					Be

				

			

			
				
					4

				

			

			
				
					Beryllium

					9.01218

				

			

		

		
			
				
					H

				

			

			
				
					1

				

			

			
				
					Hydrogen

					1.0079
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				The element carbon can combine with other elements to form nearly 10 million different compounds (substances whose molecules contain more than one element).

			

		

		
			
				Groups of elements

				The elements in a group (a vertical column in the table) all have some properties in common. For example, the Noble gases in the far right hand column are very unreactive (they do not form molecules or react with other elements). Scientists classify the elements in to two main groups: metals, and non-metals (see pages 22 and 23).

			

		

		
			
				Artificial elements

				The elements that have an atomic number of 1 to 94 occur naturally on Earth. The 24 elements that have a higher atomic number have only been created artificially inside nuclear reactors, particle accelerators or in powerful atomic explosions. These are known as synthetic elements, and for some of them only a handful of atoms have ever existed.
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					Co

				

			

			
				
					27

				

			

			
				
					Cobalt

					58.9332

				

			

		

		
			
				
					Rh

				

			

			
				
					45

				

			

			
				
					Rhodium

					102.9055

				

			

		

		
			
				
					Ir

				

			

			
				
					77

				

			

			
				
					Iridium

					192.22

				

			

		

		
			
				
					Mt

				

			

			
				
					109

				

			

			
				
					Meitnerium

					(268)

				

			

		

		
			
				
					Eu

				

			

			
				
					63

				

			

			
				
					Europium

					151.9655

				

			

		

		
			
				
					Am

				

			

			
				
					95

				

			

			
				
					Americium

					243.0614

				

			

		

		
			
				
					Gd

				

			

			
				
					64

				

			

			
				
					Gadolinium

					157.25

				

			

		

		
			
				
					Cm

				

			

			
				
					96

				

			

			
				
					Curium

					247.0703

				

			

		

		
			
				
					Tb

				

			

			
				
					65

				

			

			
				
					Terbium

					158.92534

				

			

		

		
			
				
					Bk

				

			

			
				
					97

				

			

			
				
					Berkelium

					247.0703

				

			

		

		
			
				
					Dy

				

			

			
				
					66

				

			

			
				
					Dysprosium

					162.50

				

			

		

		
			
				
					Cf

				

			

			
				
					98

				

			

			
				
					Californium

					251.0796

				

			

		

		
			
				
					Ho

				

			

			
				
					67

				

			

			
				
					Holmium

					164.93032
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