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material that addresses the learning outcomes in the domains of knowledge, understanding and
skills. Each chapter addresses at least one prescribed focus area in detail. The content is
presented through many varied contexts to engage students in seeing the relationship between
science and their everyday lives. By learning from the Science Focus series students will
become confident, creative, responsible and scientifically literate members of society.
Coursebook The coursebook consists of nine chapters with the following features. Student
activities on these pages allow further investigation and exploration of the material covered.
Each unit ends with a set of questions. The extension questions can be set for further
exploration and assignment work and include a variety of structured tasks including research,
creative writing and internet activities suitable for all students. Extension questions cater for a
range of learning styles using the multiple intelligences approach, and may be used for
extending more able students. Practical activities follow the questions. These are placed at the
end of the unit to allow teachers to choose when and how to best incorporate the Prac 1 Unit 1.
Cross references to practical activities within DYO the units signal suggested points for
practical work. Chapter review questions follow the last unit in each chapter. These cover all
chapter outcomes in a variety of question styles to provide opportunities for all students to
consolidate new knowledge and skills. The use of the Aboriginal flag in the coursebook denotes
material that is included to cover Aboriginal perspectives in science. Companion Website The
Companion Website contains a wealth of support material for students and teachers, which has
been written to enhance the content covered in the coursebook. Destinations A list of reviewed
websites is availableâ€” these relate directly to chapter content for students to access.
Interactive activities These are activities that apply and review concepts covered in the
chapters. Homework Book The Homework Book provides a structured program to complement
the coursebook. Worksheet 2. Worksheet 4. Chapters may also include information on other
Prescribed Focus Areas. If so, how? A colour change or release of heat are signs that a
chemical change is probably taking place. Chemical reactions can be very simple or highly
complex. It is easy to record going any further. It is essential that you can write correct chemical
formulas, or none of your equations will be correct. Chemical equations can be written as either
word equations or balanced formula equations. By now you should be able to write the symbols
for many elements and the chemical formulas of many common compounds. The easiest way to
represent reactions is to use chemical equations. Fig 1. Fe, O2 and S6. Positive ions are formed

when metal atoms lose electrons, e. Negative ions are formed when nonmetal atoms gain
electrons, e. Clâ€”, S2â€” and N3â€”. For carbon dioxide CO2 , a molecule consists of one
carbon atom and two oxygen atoms covalently bonded together. This molecular formula
represents the number and type of atoms in the compound. Elements that exist as diatomic
molecules are the gases hydrogen H2 , oxygen O2 , nitrogen N2 , fluorine F2 and chlorine Cl2 ,
the liquid bromine Br2 , and solid iodine I2. The bends When we breathe, oxygen O2 in the air is
absorbed and dissolved into our blood and used for respiration. Nitrogen N2 is also absorbed
and dissolved, but is not used. Divers often use a mix of compressed oxygen O2 and helium He
, to remove much of the problem of nitrogen bubbles. It allows a diver to come to the surface
twenty times faster than with compressed air. Ionic compounds are crystalline solids, unless
dissolved in water as an aqueous solution. Instead the formula shows the ratio of ions in the
crystal. For example, the ionic compound magnesium oxide has the formula MgO. A small
crystal may contain a thousand magnesium ions and a thousand oxide ions, while a larger
crystal may contain a million magnesium ions and a million oxide ions. Either way, the formula
is simply MgO. Worksheet 1. But does each 2 mean the same thing? These show how many of
that type of atom or ion are in the formula. If there is no subscript number after an atom or ion, it
means there is only one of that atom or ion in the formula. Brackets with more subscript
numbers simply multiply everything inside. The brackets indicate that overall there are 2
hydrogen H atoms and 2 oxygen O atoms. The brackets indicate overall that there are 3 sulfur S
atoms and 12 oxygen O atoms. You cannot fiddle with or change subscript numbers. These
numbers are determined by the place of each element in the periodic table. If you change
subscript numbers then you are actually inventing new chemicals! Water H2O , for example, is
the safe liquid we drink and wash in. H2O2 is also a clear and colourless liquid but is a very
strong corrosive bleach called hydrogen peroxide. See what happens if you fiddle Prac 1 p. The
larger numbers in front of formulas indicate how much of each chemical is being used and how
much is being produced in the reaction. These are the numbers we can fiddle with to balance an
equation. This means that there must be the same number of each type of atom on each side of
the equation. The atoms UNIT 1. To show space o Apoll cells used in the this we will use
another missions produced pure water as a by-product. The astronauts example. They show
how many of each type of atom are present. However, while there is only one hydrogen atom on
the left, there are two on the right. These can be balanced by doubling the amount of HCl we
use. What do the numbers in chemical equations mean? When an equation is balanced, the
mass of the products is equal to the mass of the reactants. Nothing has been destroyed and
nothing new has been created. All the atoms have just been rearranged. Sodium Na : Two on
the left, but only one on the right. This would have solved the oxygen problem, but it would
have unbalanced the numbers of sodium and carbon. No balancing required. Sometimes a bit of
trial and error is required before you successfully balance an equation. Are they solid or liquid,
a gas or dissolved in water? In order to complete the picture of the reaction, we use more
subscripts to indicate the physical states of the reactants and products. These were briefly
introduced in Chapter 2 of Science Focus 3. Calcium oxide quicklime produces an intense white
light when it is burnt and so was used as an early spotlight in theatres. Two atoms of solid
calcium react with one molecule of gaseous oxygen, producing two solid calcium oxide ion
clusters. This gives a lot more information than before. From this point on, try to write all your
chemical equations The fall of Rome including state subscripts. Lead poisoning probably
played a significant part Unless told otherwise, you in the fall of the Roman should always write
the states of Empire. Infertility was reactants and products as they caused by drinking wine
from leaden vessels. Cosmetics 1 atmosphere pressure. State the name of each part. Balancing
chemical equations 4 State the Law of Conservation of Matter. Which state are we in? Identify
the correct ionic formula for calcium chloride. Construct the formula for each of these
substances at SLC, including the appropriate state: aq , l , s , g. Include any missing states. A
glowing splint held at the top of the test tube re-lit, proving that oxygen gas was also produced.
A fine black solid, copper II oxide, was left in the test tube. Analyse 22 David added some dilute
hydrochloric acid to some solid limestone calcium carbonate in a beaker. When he weighed the
products after the bubbling had stopped, he noticed that there had been a reduction in mass.
Explain why his results did not seem to agree with the Law of Conservation of Mass. The
following experimental data were obtained for the reaction between sodium and oxygen,
producing sodium oxide: 21 For each of the following reactions, construct: i the word equation
ii the balanced formula equation, including states a Dilute hydrochloric acid reacts with grains
of sodium hydroxide. Water and sodium Mass of sodium Mass of oxygen Mass of sodium oxide
chloride are the products. Sodium sulfate and reaction, then balance it. A Conservation of Mass.
This may mean spending some time each day over about two weeks working through the
tutorial. Record your self-assessment in a log during this time. UNIT 1. Place it under the filter

funnel in the beaker. Method 2 Fill the beaker with water until it covers the filter funnel. Let the
neck of the filter funnel pierce the cling wrap. Questions 1 Construct a word equation and the
balanced formula equation for this reaction. The products are hydrogen H2 and magnesium
chloride MgCl2. Others are fast. When we take an antacid, we hope its reaction with the acids in
our stomach will be a quick one, since it will relieve our indigestion. Some reactions are so fast,
however, that they explode! When solid potassium is added to water, large volumes of
explosive hydrogen gas are rapidly The Hindenburg disaster produced, the energy released by
On 6 May , the hydrogen-filled the reaction setting the hydrogen Hindenburg airship burst into
flame alight. The hydrogen was viewed as the culprit rusting of iron, or milk turning for many
years. Extensive recent sour, are very slow. How quickly research has, however, discovered For
a long time, hydrogen was Fig 1. The actual cause was the difference between it being safe or
flammability of the fabric cover. It was dangerous. When producing chemicals a slow scene
were consistent with a huge d ignite So how are a fast reaction rate and a good reaction may be
unprofitable. The fabric was e. The electrolytic refinement of copper An especially important
Australian produces copper bars like these. Industrial reactions For a reaction to be carried out
profitably in industry it must occur fairly quickly, and it must give a good yield. The yield is the
amount of product obtained, and can be expressed as the percentage of the expected product
that is obtained. The higher the temperature, the greater the energy of the reactants, making the
reaction more likely to occur. Catalyst are substances that are not consumed in a reaction, but
help the reaction to proceed more quickly. Specific reactions may have particular conditions
associated with them. Prac 2 DYO p. Sulfuric acid production dates back to the early
alchemists. Uses of sulfuric acid In the nineteenth century, the German chemist Baron Justus
von Liebig discovered that when sulfuric acid was added to soil, it increased the amount of
phosphorus in the soil for plants to use. The current largest single use of sulfuric acid is in
making fertilisers, both superphosphate and ammonium sulfate. It is also used to make many
organic compounds, including ether, nitroglycerine and dyes. It is important in refining
petroleum, making paints and pigments, processing metals and making rayon. It is found in car
batteries Prac 3 and used in the superconductor industry for p. Production of sulfuric acid The
contact process is the most commonly used method for producing sulfuric acid. The yield is
increased by making sure that plenty of oxygen is available. Step 2 In the converter, the reaction
rate is increased by heating the sulfur dioxide in oxygen. The catalyst vanadium oxide turns it
into sulfur trioxide. This is a reversible reactionâ€”it can occur in both directions. Step 3 In the
absorber, oleum H2S2O7 is produced. Like the other reactions involved in sulfuric acid
manufacture, this is exothermic. The energy released can be used to make electricity, which
helps maintain the cheap price of sulfuric acid. Products are removed as they are formed, and
fresh reactants are injected. Who was the False Geber? The man who discovered sulfuric acid
around did not write under his real name. Instead, he borrowed the name of Geber from a
long-dead Arabic alchemist. His real name was never revealed, so this great chemist has always
been known as the False Geber. Explain why. Calculate the percentage yield. Investigate 1
Research a chemical reaction of industrial importance. Research what these problems may be
and produce a web page or PowerPoint presentation that outlines your information. Surf 4 [
Practical activities ] Find out more about the Hindenburg disaster by connecting to the Science
Focus 4 Companion Website at Write a newspaper article to assess the true chemical nature of
the Hindenburg disaster. Questions 5 Add 2 mL of acid and 3 mL of water to a third test tube.
Rates of reactions 2 Prac 2 Unit 1. Questions 1 Use your results to deduce how surface area
affects the rate of reacton. Aim To observe the dehydration action of concentrated sulfuric acid
Equipment Lab coat, safety glasses, gloves, conc. H2SO4 over the crystals. Questions 1
Describe your observations for each experiment. UNIT context. This means the food has been
grown by natural methods, avoiding the use of synthetic chemicals such as insecticides.
Marshmallows have always been fat free, but are full of sugars, which will be converted to fat if
you eat too many! Organic chemistry Organic chemistry is the chemistry of carbon compounds.
Carbon has four outer-shell or valence electrons and can covalently bond with up to four other
atoms, usually other carbon atoms, hydrogen or oxygen. In this way, carbon is unique My
necklace was once my grandmother! Humans are built from organic substances and are
therefore a good source of carbon. Diamonds are one of the forms pure carbon takes. A
company in the United States, LifeGem Memorials, is developing a process to exploit these two
facts: they intend to convert cremated human remains into diamonds, which can then be worn
as jewellery by grieving relatives! Organic substances are the basis of all living things, and of
everything that was once living. Deadly rhubarb in that it is able to form millions of different
stable compounds. Multiple bonds Rhubarb contains high levels of a deadly organic compound,
oxalic acid. Although the edible stalks contain a very low level of oxalic acid, the level in the
leaves is high, so high that during World War I, people died from eating them as a vegetable.

Beetroot and peanuts also contain significant amounts of oxalic acid, but you would have to eat
a lot to overdose. Oxalic acid kills by lowering our blood calcium below the critical level. Before
we go any further, it is important that you understand the difference between single bonds,
double bonds and triple bonds. Carbon has atomic number 6, which means it contains six
protons and six electrons. It has two electrons in the first shell, and four electrons in its outer
valence shell, giving it an electronic configuration of 2. To achieve a stable eight valence
electrons, carbon needs to gain four more electrons. It does so by forming four covalent bonds.
Put simply, the number of hydrogen atoms equals double the number of carbon atoms plus two.
For example, if the compound contains two carbon atoms, The molecular formula is therefore
C2H6. The alkanes form a related series of molecules called a homologous series. Each
molecule in the series is a little bigger than the previous one: each subsequent molecule has an
additional â€”CH2 unit added to it. The first two members in the homologous series of alkanes
are methane, CH4, and ethane, C2H6. H Ethyne contains one carbon-carbon triple bond and two
carbon-hydrogen single bonds Fig 1. These are compounds that consist only of carbon and
hydrogen. Hydrocarbon compounds are important in our everyday lives. Cars run on
hydrocarbon fuels and other hydrocarbons lubricate their engines. The many plastics we use
are derived from hydrocarbons. Alkanes Alkanes are hydrocarbons that contain only single
bonds. The prefixes used for naming are listed in the table. The second part of the name
indicates what type of compound it is. For alkanes, the name ends in â€”ane. For example, the
alkane containing four carbons is called butane. It has the formula C4H The crude oil is refined
separated into its components by fractional UNIT 1. This means that the crude oil is heated and
passed into a column where the components are separated according to their boiling points
into the different fractions. Some of the fractions are used as is, while others are cracked to
produce shorter-chain alkanes and some new chemicals, alkenes. Cracking involves heating the
large molecules in the presence of a catalyst. An example of one of these cracking reactions is
shown in Figure 1. Oil rigs are used to extract the oil. What is it used for? Can also be cracked
to make smaller molecules Lubricating oil 20â€”30 Oil for machines like cars. Can be cracked
Fuel oil 30â€”40 Fuel for ships and power stations Paraffin wax 40â€”50 Waxy papers, candles,
polishing Bitumen Roads 50 and over Alkenes contain a double bond and have the general
formula CnH2n This means the number of hydrogen atoms in the molecule is exactly double the
number of carbon atoms. The two smallest alkenes are ethene and propene. Alkenes are named
in the same way as alkanes, except that their names end in â€”ene. The major use for alkenes is
in making plastics such as polyethene, the material used to make shopping bags. The double
bond can break, and the molecules can join end-on-end to form long polymer chains. You will
learn more about this in Chapter 2, Materials. Two alkynes are shown in Figure 1. This means
they do not break The formation of Fig 1. Plastic bags in the ocean are a great Plastic bags kill
thousands of sea birds and marine cause of concern as they animals every year. Once in the
gut the bags slowly and painfully kill the animal. Do you use alternatives to plastic bags when
shopping? It is highly reactive due to the presence of a triple bond. This is why the
oxyacetylene torch is used in welding. Other alkynes are used in many manufacturing
processes. The hydroxy group is known as a functional group. A functional group is an atom, or
group of atoms, that affects the properties of a compound. The hydroxy group is attached to the
first carbon. May be called ethanol or hydroxyethane. The hydroxy group is attached to the
second carbon. Combustion of hydrocarbons and alcohols When hydrocarbons or alcohols
burn in lots of oxygen, carbon dioxide and water are produced. This is called complete
combustion. These reactions also produce heat energy, which may be harnessed, for example
in coal-fired power stations, to produce electricity. Ethanol has many other uses, however: it is
an excellent solvent, is found in many glues, paints and inks, and is used as a reactant to make
rubbers and flavourings. One way to produce ethanol is by fermentation of fruit or vegetable
matter. Another widely used alcohol is 1,2ethanediol, better known as antifreeze. Methanol is
the main component of methylated spirits. Propanol is used as rubbing alcohol. This is usually
characterised by a black, smoky flame. Zero limit for L and P platers Since May the legal blood
alcohol content in New South Wales for all learner and provisional licence holders has been
zero. The reason for this limit is that a little bit of ethanol has a huge effect on your body. Low
doses affect the reticular systemâ€”the primitive part of the brain that maintains consciousness
and responsible behaviour. The initial effect you feel depends on how much sensory input you
are getting, as this determines which brain pathways are affected. In quiet settings, you may
become drowsy. In a social setting, you are more likely to feel stimulated. This is the result of
the alcohol affecting the pathways dealing with inhibition. Ethanol is not a stimulantâ€”it is a
central nervous system depressant. Even in very small amounts, it slows your reflexes and
impairs your judgement. Incomplete combustion in car engines produces carbon, carbon
monoxide and other chemicals that contribute to photochemical smog and air pollution.

Hydrocarbons 5 List two examples of hydrocarbons that have: a single bonds only b a double
bond c a triple bond Hexene Octane C3H8 Propyne 6 List five important hydrocarbon products.
Alkanes, alkenes and alkynes 16 Fractional distillation separates the alkane fractions in crude
oil. Outline how this is achieved. Combustion of hydrocarbons and alcohols 12 Distinguish
between complete and incomplete combustion. Think 13 Identify one carbon-based compound
that is not an organic compound. Account for this fact. Propose reasons why two flames can be
so different when they burn the same gas. Analyse 21 a Identify the reactants and the products
in the fermentation equation. Research information on ten useful carbon compounds. For each
compound: a State the correct chemical name and common name. Draw and name the models
you make. Observe the flame. Questions ethanol kerosene 1 Describe any evidence observed
for: a complete combustion b incomplete combustion 2 The molecular formula of ethanol is
C2H5OH. Kerosene is a mixture of hydrocarbons with an average formula of C12H Explain the
difference in the way these compounds burned, in terms of their formulas. Justify your answer.
A single drop of water, for example, contains billions of water molecules and a beaker of water
has many, many more. When chemists run an experiment, they deal with very large numbers of
atoms, ions and molecules and not just single atoms or small groups of them. The numbers
involved are The mole If you were asked how many eggs are in a dozen, you would of course
say We use a dozen instead of counting individual eggs, so three dozen is 36 eggs, 10 dozen is
eggs and so on. The mole also stands for a group of things, although a mole has many more
things in it than a dozen. This number is an incredibly large 6. There would be 6. This is well
over a thousand billion times the current world population! In chemistry, a mole of carbon
atoms would contain 6. The mole is useful in chemistry because it gives us a number of atoms
or molecules that we can actually see and measure out. A single atom or molecule is far too
small to work with. This is where the mole comes in. The maths involved in chemistry is tricky
at first, but very useful once you get the hang of it! The mass of one mole of oxygen atoms is 16
grams. Likewise, if we weighed out Some periodic tables may be arranged slightly differently. It
also includes the atomic mass sometimes called the atomic weight of the element. The atomic
mass is the mass in grams of a mole of those atoms. For example, the atomic mass of carbon C
is 12, so the mass of one CD2 How big is a mole? A mole of cane toads would cover an area the
size of Queensland with a layer of amphibians many kilometres thick! It also tells us that one
mole of mercury atoms would react with one mole of sulfur atoms to produce one mole of
mercury sulfide. We can calculate exactly what mass of a reactant is required for a reaction and
how much product the reaction will produce. The word equation is: UNIT 1. To calculate formula
mass, simply break the substance down into its elements. For example, ammonium carbonate
has the formula: NH4 2CO3. This is made from 2 nitrogen atoms, 8 hydrogen atoms, 1 carbon
atom and 3 oxygen atoms. From the periodic table, the atomic masses of these elements are:
Did Lecoq crow? For a scientist to name a new discovery after himself is simply not done. A
coincidence, or was this Frenchman cleverly putting his personal stamp on his find? Half a
mole of methane will only need half the oxygen and will obviously only produce half the amount
of carbon dioxide and water, i. Hydrogen sulfide reacts with chlorine gas to give hydrogen
chloride gas and solid sulfur. He was delighted with the effects of breathing his pure oxygen,
dephlogisticated air. Who can tell but that, in time, this pure air may become a fashionable
article in luxury. As predicted by Priestley, breathing pure oxygen became fashionable for a
short time in the early s, particularly in California, USA. How much of each reactant will we need
to mix? Calculate the mass of sulfur needed and the mass of iron II sulfide that will be
produced. Masses in a reaction 3 The large numbers that appear in front of compounds are the
only ones we can alter to balance a chemical equation. Explain how these numbers relate to the
number of moles of each chemical taking part in the reaction. Explain how this was calculated.
Taking it a step further 5 Explain how the mole ratios of reactants and products can be used
practically in chemistry. State how the mole can be used to show this. Mass of lead reacting g
Mass of oxygen reacting g Mass of lead oxide produced g 2. Think 9 Calculate the number of
each in the following examples: a socks in a pair of socks b eggs in a dozen eggs c gold atoms
in a mole of gold d H2O molecules in a mole of water e dozens of eggs in a mole of eggs f pairs
of socks in a mole of socks 14 Calculate the percentage by mass of each element in potassium
hydrogen carbonate, KHCO3. In another flask, 2. Hint: Think about how many moles of each
metal there are at the start. One of these was found to contain 28 g of nitrogen for every 64 g of
oxygen. Is it Al2O3? From her results she calculated that 0. Her prac partner, Stephen, said that
was impossible. Decide which of them is correct, and justify your answer. Explain how he did
this. Is this equal to, more than, or less than a mole of people? CD6 Mass of mysterium reacted
g Mass of sulfur reacted g 1. Place the lid on, and weigh it. Aim To calculate the mass of the
product that should be obtained from reacting magnesium in air and compare with experimental
data Equipment 5 cm magnesium strip, crucible with lid, tripod, Bunsen burner, pipe clay

triangle, electronic balance, heat-proof mat, tongs, sandpaper, gloves, safety glasses, lab coat 3
Place the crucible on the pipe clay triangle over the Bunsen burner. If necessary, lift the lid
slightly from time to time to keep the combustion going. State its name if it is an alkane, alkene
or alkyne. Copper, its alloy bronze, and later iron and its alloy steel, replaced the stone
spearheads and axes of primitive humans, improving their chances when hunting and waging
tribal fights. Each newly extracted metal allowed technology to change. And society changed
with them. Properties of metals Most metals are very dense, because metal atoms pack tightly
together when they combine. Metal atoms also have low electronegativity, meaning that they
have very little control over their outer-shell electrons. These electrons move freely throughout
the metal without being bound to any one atom. This provides free electrons, not bound to any
single atom Very few metals can be used as pure elements because they are generally too soft
to be made into anything useful. Copper and aluminium are two of only a handful of metals that
can be used in their pure form. Fig 2. Stops steel from rusting, non-toxic, unreactive Mercury Hg
Thermometers Liquid at room temperature, expands rapidly when heated, leaves tubes clean
once it retreats, leaving no traces Lead Pb Flashing around windows and rooftops to stop water
entry Very soft and easily bent, resists corrosion UNIT 2. An alloy has properties that are
different from those of its components. These new properties are usually an improvement over
those of the main or base metal in the alloy. For example, brass is more durable than its base
metal, copper. Pure iron is extremely soft, but if small amounts of carbon are added, its strength
increases dramatically. The alloy formed is steel. Mild steel has 0. If the carbon content
increases to between 2. This is strong but brittle and shatters easily if hit or dropped. Jewellery
used for body piercings is usually rust-resistant surgical-grade stainless steel but infection may
still occur. Instead, it is alloyed with silver or copper to increase its strength. The carat scale
measures the amount of pure gold in jewellery, with pure gold rated as 24 carat. Some alloys
and their composition and uses are listed in the table. UNIT Gold cheaper than iron! Damascus
steel was used in the ancient world to manufacture swords of extreme strength. The strength of
the slave apparently transferred on his death into the metal! When the Egyptian Pharaoh
Tutankhamen was buried years ago, two daggers were buried with him. One dagger had a blade
of gold, the other iron. Because of its rarity at that time, the iron dagger was far more valuable
than the gold one! They were crude beads of electrum, a naturally occurring alloy of silver and
gold. Pure metals 4 Outline a factor that limits the use of pure metals. Prac 1 p. Clarify this
statement using an example. Think 8 Explain whether metals would be good or poor electrical
conductors if they had a tight hold on their outer-shell electrons. Propose a reason why.
Investigate Analyse 1 Lead and mercury are described as cumulative poisons. Use element
symbols to help you. Skills 17 The table below shows the stress that different alloys of copper
and zinc can take before breaking. Construct a graph of stress vertical axis against the
percentage of copper horizontal axis. Analyse your graph to answer the following questions.
Aim To calculate the value of metal in Australian Prac 1 Unit 2. UNIT context 2. Unlike gold, most
metals are not found as pure elements, but as compounds of oxygen. Oxygen and silicon make
up the rest. The oxygen does not exist as a gas, but is chemically combined with metal atoms
as solid oxides. At first they used heat. The discovery of electricity, however, allowed for the
extraction of many more metals, particularly aluminium. Imagine your life without metals! Gold,
gold, gold! They just need a little cleaning or the surrounding rock removed. Native elements
are so stable and unreactive that they have survived without reacting with the chemicals of the
air, dirt or water. A vein of pure gold trapped in quartz magnesium 2. The first gold rush had
begun! Oxygen is by far the most abundant, being combined with metals as oxides or with
silicon as silicon dioxide in sand or silicates. Metals ready to go: native elements Native
elements can be either non-metals, like carbon and sulphur, or metals, like silver, platinum,
copper and gold. Minerals are rocks containing large amounts of a particular metal. If there is
sufficient metal to make it worth mining, it is called an ore. Is it worth mining? Sometimes,
however, mining is not worth its expense or the negative effects on society and the
environment. If the ore is close to the surface, open-cut mining is easier. An overburden of soil
is removed and the ore is dredged out, creating benches, or steps that spiral into the hole.
These are also used as access roads to haul the ore to the surface by truck. Open-cut mines
cause problems including unsightliness, pollution of surrounding areas with dust, pooling of
water, destruction of land above the ore, and the need to repair the land after mining ceases.
Pollution and environmental degradation can be severe around mines and processing sites.
What type of mine is needed? If they live there, will they be happy to shift? What compensation
is appropriate? Some metals lose their electrons more easily than others. These metals are
reactive and are harder to extract. Concentration of the ore Extraction by electrolysis Impurities
and waste called gangue are mined with the ore. The mined material is crushed by rollers or by
large steel balls that fill a large rotating drum called a ball mill. Gravity and sieves separate

some of the gangue, with the remainder then separated by froth-flotation. This is a technique
pioneered in Broken Hill, New South Wales, in which the crushed ore floats away on a frothy
emulsion of oil and water, leaving the gangue behind. The ore is now ready for extraction.
Electrolysis is such a powerful method that it could be used to extract any metal from its ore. It
uses a huge amount of electricity, however, and is used only when there is no cheaper method
available. A voltage is applied to a molten sample or solution of the ore and the positive metal
ions move to the negative electrode. When it gets there, the ion is forced to take back its
outer-shell electrons to form metal atoms that then plate the electrode. The salt is melted to
break the salt crystals into its ions, then converted into pure elements by electrolysis.
Aluminium, more This is called smelting. The valuable than gold more reactive metals such is
Aluminium cookware as lead, iron and zinc need d ate reported to have origin or per Em carbon
or carbon monoxide nch when the Fre the ved ser III n leo po Na CO to help the conversion -day
King of Siam modern along. Th de ma re we d use y source of carbon , limestone ler cut s of
aluminium, with les CaCO3 and iron ore important guests eating Fe2O3 are heated in a ld.
Metals are non-renewable resources and all will eventually run out. Silver abundance 0. The
gold leaf is eaten but has no taste, smell or texture. Injections of gold have been used for many
years as relief from arthritis, so maybe this will help justify the cost of eating it! Recycling of
aluminium is common, because the production cost of new aluminium is twenty times more
than the cost of recycling it. Recycling of many metals is often too expensive to make it
worthwhile. The difficulty of separating the iron from tin in food cans makes it far too expensive
to recycle iron at the moment, despite millions of cans being thrown out every year. Metals that
need work: minerals and ores 4 Modify the following statements to make them correct. State
three factors that might have led to this decision. The mining process 8 List the problems of an
underground mine. Concentration of the ore 10 From the following list of words, identify the
correct terms to fill in the spaces below. List the extraction methods needed, in order from the
least to the most active metals. Extraction by electrolysis 14 List three metals that can only be
extracted by electrolysis. Extraction by heat 17 List three metals that can be extracted by heat.
Recycling versus mining 21 State whether the following statements are true or false. Explain
where it should appear in the activity series. This may even include the land on which you live.
If the mining company holds the lease, it has the legal right to buy the land. Do you consider
this acceptable? Construct a poster aimed at convincing the public that recycling car bodies is
a useful idea. Research why and use a cartoon to summarise your research. Research what
metals are used in making mobile phone batteries and the difficulties they produce if not
recycled responsibly. Construct a brochure that could be used to inform the public. Action 2
Research how to pan for gold and design an instruction sheet. Creative writing Gold rush!
Construct a poster showing how your mine progressed from start to finish. UNIT 2. A
multinational mining company is deciding whether it should mine there. Prepare two letters to a
newspaper, one supporting a mine and one against. Imagine that the gold had been discovered
instead in a remote area of the outback inhabited by its traditional indigenous owners. What will
you do now? Are your reasons for and against the same as before? Prepare another two new
letters, one in favour of a mine and one against. Aim To extract solid copper from a solution 3
Carefully warm over a yellow Bunsen burner flame. Stir with the glass rod until all the copper
oxide is dissolved and the solution is blue. Do not boil. Set the power pack on 6 V DC and allow
it to run for a couple of minutes. Mark the electrode being copper plated. What is happening at
the other electrode and to the colour of the solution? Questions 1 Explain whether copper
formed at the positive or negative electrode. Describe the evidence for this. Propose a reason
why copper and not aluminium was used in this experiment. Some metals are more reactive
than others. Reactive metals corrode when exposed to water, air or other chemicals, usually
forming metallic oxides. Pure sodium and potassium react with just about Corrosion of iron and
steel Iron is common and cheap. Its alloy, steel, is extremely strong, making it the most
commonly used metal on Earthâ€”car bodies, skyscraper frames, concrete reinforcing, pins and
needles are all made from various grades of steel. Unfortunately, most steels rustâ€”they react
with air and water to form a red coating of iron III oxide, Fe2O3. Rust is flaky and easy to
dislodge, allowing the rusting process to continue into the next layer. The iron or steel gets
thinner, loses its strength and gradually returns to the compound that it was extracted from. In
contrast, iron corrodes very slowly, while gold is extremely stable and corrosion is rare. Breaks
between the rust flakes allow water and oxygen to enter into deeper layers. Rusting causes iron
III oxide rust iron to thin. For rusting of iron to take place, both oxygen and water must be
present as either liquid or vapour. The rusting process can be accelerated by salts or heat.
Corrosion protection Stainless steel is an alloy that resists rusting and is used for surgical
apparatus, body piercings and equipment in conditions of high heat and salt, such as in
kitchens and on boats. Other types of steel can A stainless steel toaster Fig 2. A scratch or

crack in the coating, however, allows rusting to start again. Another method is to coat the
surface or attach another more reactive metal. Galvanised iron is iron dipped in molten zinc.
Zinc is more reactive than iron and will react instead of it. This is called sacrificial protection.
Scratches and chips will not rust, as long as some zinc is close by. Nails and roofing materials
are commonly made from galvanised iron. Reactive magnesium blocks are often bolted onto
steel structures such as piers and deepwater gas rigs and oil rigs at sea. Prac 1 The magnesium
sacrifices itself to protect p. Anodising is a technique where the layer of aluminium oxide is
deliberately built up using electrolysis. Colours may be added as the layers are deposited.
Saucepans and window frames are often made from anodised aluminium. Prac 2 p. Water and
oxygen corrode zinc instead of iron. Aluminium is a very reactive metal and the surface reacts
almost immediately with the air to form a fine layer of dull grey aluminium oxide, Al2O3. Unlike
rust, this layer does not flake and acts like a tightly bound layer of paint. Aluminium needs no
further 2. Aluminium oxide acts like the perfect paint layerâ€”hard to scratch and non-flaky.
Think 8 Use the equation from Question 3 to help you construct a balanced equation for the
corrosion of aluminium Al in oxygen O2 to form aluminium oxide Al2O3. Use your knowledge of
the flaky nature of rust to explain why. Outline what needs to happen when they dissolve.
Analyse 18 You need to protect a zinc structure from corrosion. Predict which metals you could
bolt onto the zinc to protect it. Predict what will happen to each sheet if the coating is
scratched. Explain why these metals, and not cheaper ones, are used. Project Which metal is
that? Find which metals or alloys are used for these purposes: [ Extension ] Investigate 1
Research the following information and write a report, using illustrations where appropriate.
Action 2 40 Rust is red-orange. Red-orange rocks often have high iron content. Construct a
collage showing the pictures collected. Questions 1 Deduce which factors encourage rusting.
Method 1 Polish each nail with sandpaper or steel wool. Use the peg to drop it into the water.
Record what happens. Leave for 15 minutes, then wash the piece of aluminium in water. Leave
for 10 minutes. Questions 2 Scrub the piece of aluminium in warm water and detergent and dry
well. Do not touch the aluminium with bare handsâ€”use tongs. Like metals before them,
plastics changed technology and the way we build and use our world. This gives carbon the
ability to form continuous lattices e. Most molecules found in living organisms, fossil fuels,
drugs, plastics and fibres contain atoms of carbon. This puts them into the same
categoryâ€”they are all organic compounds. Plastics are everywhere. Most packaging and many
fibres are plastic. By elephants had been slaughtered in such huge numbers that the supply of
ivory could not meet demand. In response, brothers John and Isaiah Hyatt developed a natural
polymer, celluloid nitrate or celluloid. Although used for billiard balls, it found more use as
photographic film. It was also used for dolls and false teeth, a worrying fact since celluloid is
highly flammable! Chemicals can be added, however, to make them more resistant. A process
called polymerisation combines them into larger molecules that make up plastic. The small
molecules are called monomers and the big ones polymers. Noxious aircraft! Prac 1 moulded
into the shapes required. The toxic fumes and smoke they produce on burning have been the
primary cause of death in otherwise survivable accidents. A fire started in a luggage
compartment of a Saudi Arabian Airlines Lockheed Tristar soon after take-off from Riyadh in ,
filling the cabin with toxic smoke. The plane returned to the airport and landed safely. Instead of
evacuating as quickly as possible, the captain taxied and then ran the engines for a total of 6
minutes. All people on board died, including the captain. When lightly heated, many plastics
soften and can be remoulded into new shapes. When cool, they reset. These materials are
called thermoplastic, examples being PVC, polythene and acrylic. These polymers arrange
themselves into long parallel chains, which slide over each other, allowing flexibility and
stretch. Many natural polymers retain their basic structure but can exist, too. Wood is made slip
over each other to fill whatever from the organic polymers moulds they are poured into. Natural
rubber, amber, Thermoplastics are manufactured gum, asphalt and pitch as powder, pellets or
granules for are all natural organic shipping to other factories to be polymers. Asbestos is an
heated and moulded. The first use of thermoplastics? Australian Aborigines have been using
resins for thousands of years. Resins from certain plants become soft when heated and very
hard when cooledâ€”that is, they are thermoplastic. If a fire goes through an area of grass trees,
the resin oozes out and forms bubbles in the sand around the base of the tree. The resin is
collected and crushed to a powder. The end of a spear is dabbed in the crushed resin, and
heated until the resin becomes sticky. This is repeated many times until there is enough resin to
adhere a spearhead. Thermoplastics are recyclable as they can be heated, individual strands
cannot moveâ€” re-melted and re-moulded many times. Recycling is an thermosetting plastics
will char burn at the important way of managing plastics as it keeps them edges but will not
soften. They therefore out of the environment. Plastics are not biodegradable need to be
manufactured and moulded at Prac 2 p. Bakelite is an example of a even thousands, of years.

Plastic bags are a major thermosetting plastic. Chains slip over each other and Thermosetting
plastics the plastic melts. Thermosetting cannot be remoulded. The polymers have strong
cross-linking bonds locking them into a giant molecular structure. Individual add heat strands
cannot be shifted without breaking part of the structure. This makes thermosetting plastics hard
scratch resistant , Bonds break and the plastic brittle will shatter if decomposes chars.
Extrusion moulding Extrusion moulding is used to make many common items such as pipes,
hoses, plastic straws, curtain tracks, rods and fibres. Blow moulding Bottles are commonly
made by blow moulding. A sign of blow moulding is the seam where the two halves of the
mould met. A knob of plastic where the plastic injection took place is left behind. Toys, bottle
caps and outdoor furniture are commonly made by injection moulding. Mould is closed. In ,
Belgian chemist Leo Baekeland was working in the United States to make an artificial substitute
for it. His equipment became clogged when he mixed phenol and formaldehyde. The new
material could not be dissolved and was a superb thermal and electrical insulator. The plastic,
bakelite, had been invented and found immediate and widespread use as electrical fittings and
saucepan handles. The nozzle creates the shape in extrusion moulding. Injection moulding
metal tube Molten plastic is expanded by compressed air to fill the mould in blow moulding.
Mould opens. Are you stringing me along? String games are common in indigenous cultures
both in Australia and around the world. In these games, string figure designs were made that
resembled objects used in everyday life, such as dilly bags and baskets. Designs also showed
animals and people, or ideas such as the forces of nature. String games were used for learning
and to help tell stories. Natural and synthetic fibres A fibre is any substance that can be woven
or knitted into a fabric. There are two main typesâ€”natural and synthetic. Natural fibres Wool,
mohair, silk, cotton, linen flax , hair, fur and coir the hairy covering of a coconut are all natural
fibres. They have had many uses for thousands of years. In many Aboriginal societies, making
objects from plant fibres was an important activity. Items needed for hunting as well as for
carrying and collecting food were made along with ritual objects for use in religious
ceremonies. The parts of many plants provide fibre to make string, bags, rope, baskets, fishing
nets or baskets, clothing and mats. After the plant parts have been collected, the fibrous
material is extracted and separated. Some materials are soaked in water until the nonfibrous
tissue rots away. Chewing or scraping with a sharp rock or shell then flattens and softens the
remaining fibres. Synthetic fibres Synthetic fibres are made entirely from chemicals and are
usually stronger than natural fibres. Synthetic fibres are produced by the extrusion of a polymer
though a multi-holed head called a spinneret. Some use natural fibres as their building block. A
synthetic fibre is formed. If wood pulp is soaked in solutions of caustic soda sodium hydroxide,
NaOH , a sticky cellulose gum forms. When extruded, the gum forms a new fibreâ€”viscose,
acetate, tri-acetate and rayon all come from wood pulp. Length and strength Prac 3 p. The fibre
will be particularly strong if its molecules are longâ€”the longer the molecule, Fig 2. The
strongest are monofilaments. The fibre can in Paris. A tyre burst, still tear, though, since the
end of sending fragments into each molecule represents a weak the wing, puncturing the fuel
tanks. The spilled fuel spot. Concordes from molecules that are the same once again took to the
sky in , this time length as the fibre. There are no fuel tanks lined with with ends and therefore
no weak spots. However, they never Fishing lines are monofilaments regained the patronage of
of nylon. Monofilament materials before the catastrophe and were finally removed from are
extremely strong and flexible, service in It is used in bulletproof vests, the sails of ocean-going
yachts and the fuel tanks actually fuel-bags of Formula 1 racing cars. Ropes, fibre-optic cables,
automotive hoses, belts and gaskets are often made of Kevlar. Other properties The rough
surfaces of natural fibres give them a large surface area that can absorb and hold water and
dirt. In contrast, the surfaces of synthetic fibres are smooth, making them stain-resistant,
water-repellent and ideal for clothing. Drip-dry or wash-and-wear fabrics are synthetic.
Synthetics are uncomfortable in hot weather, however, as they do not absorb sweat. Instead, it
stays on our skin, making us wet and clammy. Natural fibres absorb sweat and keep our skin
dry. Synthetic fibres a monofilament are thermoplastic and will melt if heated: ironing must be
done with care and tumbledrying is usually not Each recommended. Molecules separate at their
ends. Force Prac 4 p. Length DYO 48 Prac 5 p. Carbon fibre is extremely strong and when mixed
with resins can be used for making lightweight and flexible structures ideal for bike frames and
tennis racquets. Glass fibre is produced by running molten glass into a perforated steel bowl
like the barrel of a washing machine. When spun fast, glass threads fly out and then cool in the
air. When mixed with resins, fibreglass is produced. Australians have always loved the beach
but ht. Lycra or ne Elasta , nylon from made only comm blends. Swimmers once again are
wearing neck-to-knee bathers, to protect children from UV radiation and to allow competitive a
swimmers to reduce drag. Working with plastic 9 Use a diagram to demonstrate how extrusion
moulding is achieved. Length and strength 14 Use Figure 2. Other properties Investigate 16

Outline three desirable and three undesirable properties of plastics. Research how plastic
foams are made. In your answer, include the chemical equations involved. Other fibres 18 List
three examples each of natural fibres, synthetic fibres made from plastics and synthetic fibres
made from wood products. Think 19 Contrast: a the surface of a natural fibre with that of a
synthetic fibre b a monomer with a polymer c thermoplastic with thermosetting plastics d
injection moulding with blow moulding 20 List examples of: a five synthetic polymers b three
natural polymers c one inorganic polymer d three thermoplastic polymers e one thermosetting
polymer f one monofilament 21 A train could be considered a polymer. State what the monomer
would be. Analyse 23 Would the production of thermosetting plastic powder be a good idea?
Link them together to construct models of a polymer, a thermoplastic and a thermosetting
plastic. List the items as made by extrusion, blow or injection moulding. Present your findings
in a table. Present the information in a table showing the fibre composition of each. Discuss
your results and include comments on whether alternatives could have been used. Surf 6 Find
out more about how plastics are recycled by connecting to the Science Focus 4 Companion
Website at Aim To identify properties of some common Prac 1 Unit 2. Does the cut show
bubbles or cells? Add a plasticâ€”does it float or sink? Leave for five minutes and record
whether each piece dissolved, went soft or remained hard. HCl 2 drops of detergent 5 Does your
fingernail or the scissors scratch it? If no fume hood is available, do not do any burning tests.
Do not smell any fumes or smoke. If so, what colour was the smoke? What colour was the
flame? Did molten plastic drop from it? Did the drops burn as they fell? This must be in a fume
hood mL beaker 12 Run tests to determine what each of the mystery plastics is. Method 1 Copy
the table below into your workbook. Your teacher may split you into groups to run all tests on
one plastic only or to run one test on all the plastics. Effect of flame What dissolves it?
Polystyrene foam PVC 3 Explain why the burning must be done in the fume hood and not in the
lab. Its flame was blue with a yellow tip. Identify the plastic. Casein was an early plastic that is
still used for buttons and some wood glues. It is hardened industrially with formalin. Does it
melt, burn or char? Method 1 Set up the Bunsen burner and tripod. Use the clamp or elastic
bands to hold the pieces together. Do not overheat. Questions 1 Deduce whether the casein
plastic produced was thermosetting or thermoplastic. Strain through the curds and whey. Pat
dry, then firmly press into moulds. Leave the casein to dry in the sun. Explain whether you
would. Drape it over the glass stirring rod and wind the fibre out. Questions Fume hood,
1,6-diaminohexane, anhydrous sodium carbonate, sebacoyl chloride or adipoyl chloride,
cyclohexane, 2 x mL beakers, tweezers, glass stirring rod 1 Construct a three-frame cartoon or
diagram to show how the nylon was made. Method 2 Predict what would have formed if the two
solutions had been allowed to mix. The two solutions must not mix but must form layers.
Identifying fibres Aim To compare and contrast natural and Prac 4 Unit 2. Propose reasons why.
Natural versus synthetic 3 Place a coverslip on top and inspect the fibres under the microscope.
Prac 5 Unit 2. Hold a lit match under the strip. Record your observations for each fabric. Did it
catch fire, melt or char? What colour were the flame and smoke? What was left? Questions 1
Match your samples with the diagrams in Figure 2. Questions DYO 1 Construct a flow chart
showing how you conducted your experiment. In this future world, self-replicating nanoscale
robots take on their own existence and start to cooperate with each other. They prey on living
creatures, including the research scientists who created them, to gain the building blocks they
require to reproduce themselves. This book caused a very strong response in some people who
saw nanotechnology as being far too dangerous and thought that the book predicted the future.
At present, however, nanotechnology is still evolving and there is little risk. There is also very
strong support within the scientific and medical communities for the development of
nanotechnologies because of the huge benefits that might be gained. In the future it is unlikely
that nanoscale robots could gain such independence, but they will certainly be developed and
become highly useful to society for many reasons. How small is a nanometre? Nanotechnology
involves making and manipulating incredibly tiny objects. One nanometre is equal to just one
thousand millionth one billionth of a metre. A single atom has a diameter of about 0. A different
approach Multidisciplined Working with incredibly small objects requires cooperation between
scientists from various disciplines. Nanotechnology draws on chemistry, physics, electrical
engineering, molecular biology, quantum physics and materials science. It offers a How small is
a nanometre? As you move from left to right across the diagram, each step is ten times smaller.
Domain of nanotechnology Limit of human vision Fig SF 2. There are nanometres nm in 1. Small
fly 5. This means the substance would be engineered to reduce it down to the desired size, like
sculpting a small statue from a large block of stone. This approach is suitable for micro-sized
objects such as silicon chips and micro machines, which often use an etching process to make
small components out of a larger piece of substance. Fig SF 2. With STEM it is possible to
manipulate single atoms on the surface of a material and to lay down incredibly thin surface

layers on a substrate. Figure SF2. The STEM and sample are contained in a region which has
had the air evacuated using a vacuum pump. The STEM piezotube probe is then moved over the
surface of the sample, maintaining a fixed distance by ensuring the tunnelling current between
the probe and sample does not change. Through computer analysis of the data collected, an
image of the surface features of the sample can be produced. Using a STEM, individual atoms
can be identified. With a secondary voltage applied between the tip of the probe and the
surface, the chemical bonds holding a surface atom in position can be broken and the single
surface atom moved. This ability to manipulate individual atoms has made bottom-up
engineering of nanoscale objects a realityâ€”it is now becoming possible to assemble
something by moving individual atoms into position. The individual atoms hold data just like
pits on a CD. Such data can be written and read using a STEM. Data storage at this scale means
that copies of a page book could be stored on the cross section of a human hair. These
micromechanics components were created using a top-down approach to etch them out of
silicon. It was quickly realised that with some modifications the STEM would be the perfect tool
to directly manipulate the surface of a material on the atomic scale. This provided the
opportunity to try and create structures from the bottom up. This means assembling a structure
atom by atom, like building a house The basic features of a scanning tunnelling electron
microscope STEM Distance control for piezotube to sample and scanning unit Applied control
voltage for piezotube containing electrodes Fig SF 2. With the nanoscale so incredibly small,
objects do not behave in the way expected at larger scales. For example, the metal gold is gold
in colour when we look at a sample large enough to see with the human eye. But when gold
atoms are arranged to produce tiny crystals of gold on the nanoscale, the gold appears red.
These curious results show that we have a lot to learn about how substances behave at the
nanoscale. The future of nanotechnology A large amount of investment is going into
nanotechnology research and development to produce innovative new products for the future.
The possibilities are endless. Below are described some of the most promising areas where
nanotechnology will be applied in the future. Surfaces The ability to lay down incredibly thin
layers of a substance onto the surface of other material can improve the properties of a
substance and offers many advantages in chemistry and engineering. For example, laying down
an incredibly thin protective coat on solar cells could improve transmission of light into the
cells, and thereby improve their efficiency. Also, surfaces could be made self-cleaning by
applying a coating that repels dirt. Manipulating the surface of materials can also make it
possible to store vast amounts of information in very small spaces. A scanning beam
interference lithography machine can be used to create gratings or grids with structures on the
scale of a few nanometres. The structures created are used in astronomical devices such as
space telescopes and satellites. A laser is used to create the pattern on the target surface. In the
future this machine could be used to produce nanotechnology components for computers and
machines. Nanobots could monitor the internal conditions of the body, such as blood sugar
levels, temperature, nervous activity or production of hormones by endocrine glands. Nanobots
could be designed to seek out and destroy viruses and bacteria in the bloodstream. They could
also be engineered Fig SF 2. Could this be how we treat disease in the future? For example, a
nanobot could be designed to detect cancerous cells. Drugs could be packaged inside the
nanobots to be injected directly into the cancer cells with no damage to the normal cells of the
patient. This image of carbon nanotubes was created using a STEM. Carbon nanotubes have the
potential to be used in electrical devices and have unusual properties. Much research is being
done with carbon nanotubes, and their applications are likely to be diverse. It has made
quantum computing possible, with incredible processing speeds far beyond the ability of
present silicon-based microprocessors. Quantum computers would store and process
information at an atomic level. A solid-state quantum computer element can be made by
positioning phosphorus atoms 20 nanometres apart in very pure silicon. The phosphorus atoms
behave as an incredibly tiny and extremely fast microprocessor. Promising research into
quantum computing is being conducted at the University of New South Wales. Include labels or
a key to show the features of your nanobot, and an explanation of how the nanobot will tackle
the medical problem. Using the information you have about carbon nanotubes, construct an
application that will get the funding you need for your research. Include the possible outcomes
and products you will create, and how they will benefit society. Dirt, oils and grease are made
from organic compounds that normally dissolve only in other organic substances. Although
there are obvious problems in washing ourselves in turpentine, methylated spirits or nail-polish
remover, dry-cleaners use similar organic solvents to dissolve and remove grease from clothes.
At home you need to use soap and water to get clean, but how does this work? Making grease
soluble Surfactants are molecules that assist water in dissolving dirt and grease. Water
Australians are too clean! At home, water is our main washing liquid. It is a polar molecule,

having small electrical charges on each of its atoms. Water by itself will not dissolve grease. It
seems that we are all using too much soap, bubble bath and shampoo, since all remove
essential oils from the skin. This causes dryness and makes us susceptible to eczema.
Dermatologists recommend using soap-free cleansers instead. For babies all that is generally
needed is some bath oil or moisturiser. Water is a polar molecule and can use its slight charges
to dissolve ionic substances. Soap, shampoos and detergents are surfactants and have both
organic and ionic parts. Surfactant molecules are similar to those of plastics in that they are
long and have an organic carbon backbone. This will dissolve grease nicely. Unlike most
molecules, however, they have a charged or ionic end. This end will dissolve in water nicely. We
now have the perfect molecule for dissolving greaseâ€”one end dissolves the grease, while the
other end dissolves in water. Once the grease is dislodged, surfactant molecules surround it
and keep it from re-depositing back onto the surface. These tiny dissolved liquid What
gorgeous hair! The molecules of most hair conditioners tend to have positively charged ends
that are attracted to the weak negative charge of the hair. They stay there even when the hair
dries. Fabric softeners work in the same way. Shampoos and conditioners are normally sold in
separate bottles because their opposite charges interfere with each other if they are mixed. In
combined shampoo-conditioners, the conditioner molecules are trapped in crystalline shells.
When lathering hair, the shampoo works, but there is insufficient water to break down the
conditioner crystals. These only break down on rinsing, when more water is present. The water
can now wash away the grease. Hot water and agitation vigorous movement also help loosen
the grease from the surface and keep it from re-depositing on it. Lather bubbles will also assist
in keeping grease from dropping back and is particularly useful in situations where little water
is used e. Many fibres including hair take on a weak negative charge when wet. Once dissolved
and carrying their load of grease, the soap or shampoo molecules also carry a negative charge
and are thus less likely to re-deposit the grease back onto the fibre. Prac 1 Prac 2 p. CD11 and
magnesium precipitates. These are left behind as a dirty grey substance called scum, which
deposits as a dirty ring around basins and baths, or as scale in pipes and kettles. Soft water has
less dissolved salts and soap produces less scum. Soap lathers better, feels smoother and
more slippery in soft water, and less of it is required to get clean. Prac 3 p. Many New South
Wales cities have excellent soft water: it lathers well and leaves very little scum. Beads of
zeolite replace the offending calcium and magnesium ions with sodium. CD11 water hydrophilic
head ionic end dissolves in water hydrophobic tail organic end dissolves in grease surfactant
molecule grease Surfactant soap, detergent molecules have a hydrophobic end that hates water
but loves grease. The other end is hydrophilicâ€”it loves water. If it has a lot of calcium and
magnesium salts dissolved in it, then it is hard. Soap reacts with these salts to produce calcium
Lather bubbles keeps the dirt and grease from re-depositing on the hair. Soap is made when
natural fatty acids found in materials like vegetable oils and animal fats react with an alkaline
basic solution such as sodium hydroxide. Detergents are produced from chemicals in crude oil.
Whales are now prote cted, however, and the fat used in soap manufactur e comes mostly from
cows slaughtered for their meat. Just about any fat or oil can be used and many soaps are now
made with vegetable or plant oils. Palmolive soap is named because it is made with palm oil and
olive oil. Making grease soluble 3 Identify the type of compound that grease is made of. List
three such liquids. Hard and soft water Think 10 Explain how soap is able to dissolve both in
water and in grease. Skills 16 Contrast detergent with soap. List the chemicals that cause water
to be hard. Clarify the meaning of these terms and identify which end is which. Describe how
they do this. Describe how it cleans clothes, making reference to the chemistry involved. If
necessary, use diagrams to assist your explanation. Action 3 Design a survey of soaps. Record
your results in a table showing the first six ingredients of at least three different brands of soap,
hair shampoos and shower gels. Identify and discuss any trends you find. Prac 1 Unit 2. Do not
get any sodium hydroxide on your skin or in your eyes. Do not use the soap produced. Shake
the tube every few minutes to mix the contents. The soap formed should float to the top.
Stopper and shake. Compare with what you saw before. Rinse a few times with a little water.
Does it lather? How good is it? Prac 2 Unit 2. Questions 1 Draw a conclusion about the variable
you tested. Aim To test water hardness Prac 2 Unit 5. Questions 1 Describe what soap does in
hard water. Method 1 Put about 2 cm of distilled water and 2 cm of tap water into two separate
test tubes. Is the water hard or soft? Propose a metal that could be added to the base metal to
create this colour. Compare these conditions with those of a blast furnace. Explain whether an
optic fibre needs to be a monofilament. Label the diagram and use chemical equations to show
the chemical reactions at each electrode. Use Figure 2. Construct a diagram showing ten
phenylethene monomers joined to form the polymer polystyrene. Their cars also rust more
quickly than ours. Every day you use a wide variety of appliances that need electrical energy to
run. Discmans, iPods, toasters, televisions, microwave ovens, computers and even the family

car all need electricity. You might not appreciate how much you rely on electricity until you have
A major blackout to go without. A simple circuit A circuit is a path from one side of a power
source e. A cell or battery can be thought of as a charge pump. About 50 million people in cities
from New York to Toronto had no power. People were trapped in subway trains and elevators
for hours. Luckily it occurred on a weekend so its initial impact was less dramatic and caused
less economic damage. Fig 3. What problems would it cause? A simple circuit and its
equivalent circuit diagram circuit circuit diagram cell 1. In most circuits the moving charges are
electrons and current is defined as the rate of flow of those electrons. Current is measured in
amperes A or amps for short. Sometimes in a circuit there will be more than one path that the
current can take. More current will flow down the easier path and less down the harder one. In
mathematical formulas, current is given the symbol I. Voltage is measured in volts V and is
sometimes referred to as potential difference. Voltage is given the symbol V in mathematical
formulas. In mathematical formulas, resistance is given the symbol R. To help you understand
these terms we will use the analogy of a water pump circuit. In a water circuit, the pressure
supplied by the pump P drives the water around the closed loop of a pipe at a certain flow rate
F. The waterwheel W water wheel pump low pressure water reservoir restricts the flow, slowing
down the water, using up its energy. The valve turns the flow of water on and off. In an electrical
circuit, the energy or voltage V supplied by the battery drives the electrons around the circuit,
causing an electric current I. The resistance R slows the electrons, using up their energy. A
switch turns the flow of electricity on and off. A water pump takes in water at low pressure,
supplies energy to it and ejects it at high pressure. A battery or power pack takes in charge at
low voltage, adds energy to it and ejects it at a higher voltage. A waterwheel restricts the flow of
water, slowing the water down and taking away its energy. Light globes, buzzers, motors,
heating elements and resistors are loads that restrict the flow of current and remove energy
from the electrons. These loads change the electrical energy into other forms such as sound,
light, heat and kinetic moving energy. The filament of a light globe is a very thin wire. As the
current tries to squeeze through, it encounters resistance and uses up some of its energy. In a
thick wire, electrons move more freely and with little resistance. Little energy is lost. Increasing
the resistance of the circuit will cause a decrease in the current, and results in more energy
being used up by the load. Resistance in a circuit can be compared to a water wheel. Current
When current flows through a wire it moves freely, losing almost no Fatal currents energy. This
is just like water in a A current as small as 0. Most deaths to slow the water down. A higher
associated with electric shock icity electr the current means more electrons flow happen
because interrupts the heartbeat, which past a point in a circuit every is controlled by small
electrical second. High erous A current of 1 ampere means dang voltages are more than low
ones because they can that 1 coulomb of charge passes drive a higher current through by a
point in the circuit each your body. The volts in our second. A coulomb is an amazing easily is
lies home power supp 6 electronenough to drive a deadly current through your body. Current
can be compared to the rate of flow of water through a pipe. Thick wire offers little resistance to
flow of electrons. A resistor acts as a load, converting electrical energy to heat and light. A
water wheel is like a load in the circuit. It converts kinetic energy of water to movement of the
wheel. Heat energy being released in a glowing resistor of an electric bar heater 62 Fig 3.
Typical results from this experiment may be: Series circuits If you arrange two globes one after
the other in a line with the battery, the globes are said to be in series. The voltage supplied is
split between the two globes, but the current passing through each is the same. The two globes
glow more dimly than a circuit with only one globe. This means if the voltage is doubled, so is
the current. The slope or gradient of the graph gives us the resistance. The voltage used by
each globe is the same, but the current is split between each branch. Each globe glows with
equal brightness. If a globe in this circuit is removed or blows, the other globe will remain lit as
there is still a circuit through which current Prac 1 Prac 2 p. Worksheet 3. In direct current DC
the electrons flow in one direction only. The electric eel Electrophorus electricus is an unusual
species of fish that is capable of generating powerful electrical shocks. It can grow up to 2. This
is enough to kill a human! The flow of electrons through a wire can be thought of as similar to
water in a hose: it only goes one way. Remember that conventional current flows in the
opposite direction to the flow of electrons. In alternating current AC the electrons shuttle back
and forth in the wires. This occurs because the voltage at the power point or the AC power pack
constantly changes from positive to negative to positive and so on. The back and forth voltage
change is measured in hertz, one change or cycle per second being 1 Hz. In Australia the AC
electricity that we use at home has a voltage of V and moves back and forth 50 times every
second or 50 Hz. Imagine the water in a pipe constantly changing its direction of flow. UNIT 3.
Describe what would happen in each if one of the globes was to blow. Electrical circuit Water
pump circuit Battery Pipe Voltage or energy Switch Water flowing through pipe Water wheel 6

Draw diagrams to demonstrate all of the components in both the water pump and electric
circuits. Label each component. One switch should turn off all lights at once, and another
switch should turn off the single light only. Current amps Voltage volts 3 15 5 8 List three
examples of a load that could be included in a circuit. Types of circuits 9 Outline how
components in a circuit are connected: a in series b in parallel 10 A series circuit and a parallel
circuit were set up, each with two globes. Compare the brightness of the globes in each case.
Calculate the current in the circuit. He connected the circuit to an 8 volt battery. Note the
brightness of each globe. Measuring voltage and current in circuits Prac 2 Unit 3. Incorrect
connection of meters can damage them. Check with your teacher before starting. Circuit 5:
three globes in parallel 3 Compare the voltages of globes in a parallel circuit. Record the current
and voltage readings. The slope of the graph is the resistance value. Compare this to the known
values of the resistors. Suggest reasons for any differences. Although magnets are less
common, you will also have used them. They are the basis of all compasses and are used to
hold notes on our fridge and to keep cupboard doors shut. There is an important connection
between electricity and magnets: electricity can make magnetic fields and magnetic fields can
make An electric current causes a magnetic field In , Danish physics professor Hans Oersted
was carrying out experiments with electric circuits when he noticed that the needle of a
compass on his desk moved whenever an electric current flowed nearby. Oersted was able to
move a compass needle without touching it, as if by magic. The compass was doing what
compasses doâ€”it was reacting to a magnetic field. In this case, the electricity! This
connection is responsible for most of the appliances you useâ€”everything from speakers to
televisions, trains to vending machines. Oersted had discovered that electricity could cause
magnetism. Later in this unit we will see that the reverse is also trueâ€”that magnetism can
cause electricity. This connection between two quite different phenomena is known as
electromagnetism. The magnetic field produced around a straight, current-carrying wire is
circular. If the wire is looped, several circular magnetic fields combine to produce a stronger
field down the centre of the loop. If a wire is coiled so that several loops are placed together, the
magnetic field is stronger again and we have what is called a solenoid. An electromagnet is a
solenoid with an iron core that further concentrates the field down its centre. Unlike permanent
magnets, electroPrac 1 p. Electric bell Uses for electromagnets There are many applications for
electromagnets that are essential to our everyday life. Many are not easily noticed and range
from large industrial electromagnets to the tiny speakers in your mobile phone. Industrial
electromagnet You hear it every dayâ€”the school bell. How does it work? The ability to switch
magnetism on and off is extremely useful in industry. With the contacts apart, current no longer
flows and the electromagnet is turned off. Relay Door latch Door latches are usually found in
high-security areas. To open a door a button is pressed, resulting in a current flowing to a coil.
The resulting magnetic field attracts the latch out of the door recess, opening the door.
Electromagnetic relays are found in cars and industrial machinery. The starter motor in a car
allows a small current within a thin wire to control a much larger current within a larger cable,
thereby reducing the cost of connecting wires and increasing safety. A speaker receives
varying electrical current that flows through a coil, causing it to become an electromagnet. The
speaker also contains a permanent magnet which interacts with the electromagnet. The two
magnets attract when the current fed into the speaker flows one way and repel when the current
flows the other way, producing vibrations in the cone. These vibrate molecules in the air to
create sound waves. A typical loudspeaker Fig 3. Although the actual electron beams are not
coloured, they are shown coloured in Figure 3. If the magnet stopped, so did the current. If the
magnet was removed, a current was produced but in the opposite direction. By continually
moving the magnet in and out of the coil, he produced a continuous but alternating current AC.
Faraday had found that by changing the magnetic field inside a coil, he could generate an
electric current. He had Prac 2 Prac 3 p. More than a dynamo is needed to power a city,
however. To generate sufficient electrical power, massive turbines are spun by water or steam.
The principle is the same though: the turbines are attached to magnets that then spin in a coil to
produce AC electricity. This current can be fed into an amplifier and converted into a louder
sound by attaching speakers. A moving coil-type microphone coil Fig 3. These can be small as
on a bike or huge, feeding the power grid of a city. Bikes often have a small AC electric
generator called a dynamo attached to their wheel rim. Pads under the road have a coil in them
that carries a current. The electromagnetic field it produces induces a current in the car, which
in turn interferes with the current in the road. A solid coin passing through an electromagnet in
a vending machine creates swirling currents within it. These currents in turn create magnetic
fields, and interact with the electromagnet to slow the coin down. Coins that are not the correct
weight or made from a non-metal are not slowed the right amount, and are rejected. The
operation of a vending machine For efficiency reasons the best voltage for long-distance

transmission of electricity is between and V, whereas the electricity is generated at a much
lower voltage. In all these cases a transformer is needed. Transformers use solenoids and the
magnetic fields they produce to either increase step up voltage or reduce step down voltage to
the value required. Transformers use electromagnetism to step up or step down voltages. This
is a step-up transformer. Coins of correct metal slow just enough to pass over the reject chute
into the vending machine. Transformers Sometimes the voltage provided is either too much or
too small for the intended use. For example, laptop computers only need 16 V and mobile
phones need only 5. The V available from the power point would damage both if used directly.
Power transmission Power stations use energy from burning coal, flowing water or other
sources to spin turbines in large generators, and transmit power through an extensive network
of overhead and underground power lines. Because high-voltage transmission is more efficient,
a transformer is needed close to the power station. These high voltages would be far too
dangerous, however, if fed directly into your suburb or home, and so a series of transformers
are used to reduce the voltage to the final but still deadly V we use. How electricity reaches our
homes from the power station Fig 3. Uses for electromagnets 5 a List three devices that use
electromagnets. A magnetic field causes an electric current 6 Use Figure 3. Transformers 8
State what a transformer is used for. Think 13 Use an example to explain how an
electromagnetic device operates. A magnet sits still inside a wire coil. A magnet is removed
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