NAME and CLASS : ​​​​​​​​​​​​​​​__________________________

National 5

Chemistry in Society 
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National 5 - In this Unit, learners will develop skills and carry out practical investigations related to the chemistry of materials. Learners will focus on the chemistry of metals and their bonding, reactions and uses. The connection between bonding in plastics, their physical properties and their uses is investigated. Learners will investigate the chemical reactions and processes used to manufacture fertilisers. They will research the use and effect of different types of nuclear of radiation. Learners will investigate chemical analysis techniques used for monitoring the environment.

The following websites may be useful for this unit

	The interactive student guide to all levels of chemistry in Scotland. On this site you will be able to access revision material, exercises and tests.    

       USER NAME = Lossiemouth 
PASSWORD = iron 


	http://www.evans2chemweb.co.uk

	Metals and ores
	http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel/metals/obtaining_using_metalsrev1.shtml


	Redox
	http://www.chemguide.co.uk/inorganic/redoxmenu.html#top

	Plastics and polymers
	http://www.docbrown.info/page04/OilProducts07.htm


	Fertilisers
	http://www.bbc.co.uk/bitesize/standard/chemistry/plasticsandothermaterials/fertilisers/revision/2/

	Radioisotopes
	http://www.rsc.org/images/essay5_tcm18-17767.pdf
http://www.epa.gov/radiation/source-reduction-management/radionuclides.html


Learning Intentions

                 Chemistry and society National 4 and 5
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By the end of this unit you should know the following
(a) Metallic bonding
· Metallic bonding is the electrostatic force of attraction between positively charged ions and delocalised outer electrons.

· Metallic bonding can explain the conductivity of metals. 
 (b) The properties of metals and alloys 
Reactions of metals

· Metals react with oxygen, water and dilute acid.

· Differences in the reaction rates give an indication of the reactivity of the metal. 

· Observation of the reaction of metals with: oxygen, water and dilute acid. Allow for a reactivity series to be deduced.

· Balanced ionic equations can be written to show the reaction of metals with water, oxygen, acids 
Metal ores
· Ores are naturally occurring compounds of metals.

· Methods used to extract metals from their ores are dependent on the position of the metal in the reactivity series. 

· The less reactive metals, including gold, silver and copper, are found uncombined in the Earth’s crust and the more reactive metals have to be extracted from their ores.

· Some metals can be obtained from metal oxides by heat alone; some metal oxides need to be heated with other substances, e.g. carbon or carbon monoxide; other metals cannot be obtained by these methods.

· Iron is produced from iron ore in the Blast Furnace.

· The production of carbon monoxide and the reduction of iron oxide are the two key reactions which take place in the Blast Furnace.

· The more reactive metals, including aluminium, are obtained by electrolysis. 

· The extraction of metals is an example of reduction.

· The percentage of a particular metal in an ore can be calculated. 

· From the balanced equations for the extraction of metals the reducing agent can be identified. 
Alloys

· An alloy is a mixture of two or more elements, at least one of which is a metal. 

· Alloys have different physical properties in comparison to the pure elements.
The electrochemical series

· Electricity can be produced by connecting different metals together, with an electrolyte, to form a simple cell.

· The voltage between different pairs of metals varies and this leads to the electrochemical series.

· Displacement reactions occur when a metal is added to a solution containing ions of a metal lower in the electrochemical series.

· The reaction of metals with acids can establish the position of hydrogen in the electrochemical series.

· Electricity can be produced in a cell by connecting two different metals in solutions of their metal ions.

· Electrons flow in the external circuit from the species higher in the electrochemical series to the one lower in the electrochemical series.

· The purpose of the ‘ion bridge’ (salt bridge) is to allow the movement of ions to complete the circuit. 

· This forms the basis for batteries 
Redox reactions

· Oxidation is a loss of electrons by a reactant in any reaction.

· A metal element reacting to form a compound is an example of oxidation.

· Reduction is a gain of electrons by a reactant in any reaction.

· A compound reacting to form a metal is an example of reduction.

· In a redox reaction, reduction and oxidation go on together.

· Ion-electron equations can be written for oxidation and reduction reactions.

· Ion-electron equations can be combined to produce redox equations.

· An-electron equations can be written for electrochemical cells including those involving non-metals.

· During electrolysis, oxidation occurs at the positive electrode and reduction occurs at the negative electrode.

· Fuel cells and rechargeable batteries are two examples of technologies which utilise redox reactions.
Corrosion 

·  Corrosion is a chemical reaction which involves the surface of a metal changing from an element to a compound.

· Different metals corrode at different rates.

· Both water and oxygen, from the air, are required for corrosion.

· The term rusting is applied to the corrosion of iron.

· When iron rusts, initially the iron atom loses two electrons to form iron(II) ions which can be oxidised further to give iron(III) ions.

· Half equations for the oxidation steps  involved in rusting can be written

· Electrons lost by the iron during rusting are accepted by the water and oxygen to form hydroxide ions.

· An ion-electron equation for the reduction of water and oxygen can be written.
· Ferroxyl indicator can be used to show rusting occurring

· Acid rain increases the rate of corrosion.

· Salt spread on roads increases the rate of corrosion on car bodywork.

· Painting, greasing, electroplating, galvanising, tin-plating and coating with plastic give a surface barrier to air and water which can provide physical protection against corrosion.

· The use of certain metals to protect iron from rusting is related to their relative position to iron in the electrochemical series. 

· When attached to metals higher in the electrochemical series, electrons flow to the iron, and when attached to metals lower down in the series, electrons flow from the iron.

· Galvanising and the use of scrap magnesium result in electrons flowing to the iron giving sacrificial protection.
· Scratching tin plate increases the rate of rusting of iron.

· Iron does not rust when attached to the negative terminal of a battery.

· Electrons flowing to the iron prevents rusting.

· Anti-corrosion methods are used in everyday situations.

(c) Materials
Plastics and synthetic fibres 

· Synthetic materials are made by the chemical industry.

· Most plastics and synthetic fibres are made from chemicals derived from oil.

· Examples of plastics include polythene, polystyrene, perspex, PVC, nylon, bakelite etc.
· The everyday uses of plastics are related to their properties.

· For some uses, synthetic materials have advantages over natural materials and vice versa.

· Some plastics burn or smoulder to give off toxic fumes, including carbon monoxide.

· The toxic gases given off during burning or smouldering can be related to the elements present in the plastic.

· Most plastics are not biodegradable and their low density and durability can cause environmental problems. 
· Plastics can be either thermoplastic or thermosetting.

· A thermoplastic is one which can be reshaped on heating.

· A thermosetting plastic cannot be reshaped by heating.
Polymerisation

· Plastics are made up of long chain molecules called polymers.

· Polymer molecules are made from many small molecules called monomers.

· The name of the polymer is related to the name of the monomer.
Addition polymerisation

· The small unsaturated molecules join together by the opening of the carbon to carbon double bond.

· Addition polymers are made from small unsaturated molecules produced by cracking by a process called addition polymerisation.

· The repeating unit or the structure of an addition polymer can be drawn given the monomer structure and vice versa.

· An addition polymer can be identified from its structure. 
(d) Fertilisers
· Chemists have an important role in helping to make sure plants have the correct nutrients to ensure sufficient food production. 

· There are three key elements which provide the nutrients required for plant growth: nitrogen, phosphorus and potassium.

· Fertilisers can be produced naturally or in laboratories by chemists using neutralisation reactions. 

· The use of fertilisers may have an environmental impact. 

· The % composition of an element in the fertiliser can be calculated. 

· The Haber process is one of the most important reactions in the production of fertilisers and is an example of a reversible reaction. 
· Haber 2N2 + 3H2 ⇌ 2 NH3
· At low temperature the forward reaction is to slow to be economical. If the temperature is increased, the rate of reaction increases but, as the temperature increases the backward reaction becomes more dominant.  An iron catalyst is needed to increase reaction rate
· Ammonia is the starting material for the commercial production of nitric acid, which is used to produce ammonium nitrate.
· The Ostwald process uses ammonia, oxygen and water to produce nitric acid. A platinum catalyst is used in this process.
 (e) Nuclear chemistry

· Heavier elements are formed from lighter elements in stars. 

· All naturally occurring elements, including those found in our bodies, originated in stars.
· Background radiation is a natural phenomenon and is caused by various factors. 

· Radioactive decay involves changes in the nuclei of atoms.

· Unstable nuclei (radioisotopes) are transformed into more stable nuclei by releasing radiation

· These types of radiation have specific properties such as their mass, charge and ability to penetrate different materials. 

· There are three types of nuclear radiation; alpha, beta and gamma.
· Balanced nuclear equations, involving neutrons, protons, alpha particles and beta particles, can be written.

· The time for half of the nuclei of a particular isotope to decay is fixed and is called the half-life. 

· The decay of individual nuclei within a sample is random and is independent of chemical or physical state.

· Half-life for a particular isotope is a constant, so radioactive isotope can be used to date materials. 

· The quantity of radioisotope, half-life or time elapsed can be calculated given the value of the other two variables.

· Radioisotopes are used in medicine, in industry, for scientific research including carbon dating, and to produce energy by uranium fission and nuclear fusion.

· Nuclear fuels and fossil fuels can be compared in terms of safety, pollution and the use of finite resources.

(f) Chemical analysis

Qualitative analysis 

· Qualitative analysis gives an indication of the identity of the chemical species in the sample
· Chemical analysis permeates all aspects of chemistry.

· Analytical techniques could include: 

chromatography 

Flame tests 

pH measurement using indicators /pH meters 

separation techniques 

Quantitative and qualitative analysis 

· Chemists play an important role in society by monitoring our environment to ensure that it remains healthy and safe and that pollution is tackled as it arises. 

· Qualitative analysis analysis gives an indication of the identity of the chemical species in the sample e.g. flame testing, chromatography, and chemical tests.
· Quantitative analysis determines the amount of sample present

· A variety of methods exist which enable chemists to monitor the environment both quantitative and qualitative analysis such as acid/base titration, precipitation reactions. 
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(a) Metallic bonding 
	Level
	Learning intentions
	Traffic light

	Nat 5
	I can describe the bonding present in metals
	

	Nat 5
	I can describe how the ‘delocalised electrons’ in metals can account for the electrical conductivity of metals.
	


Metallic bonding
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The outer electrons of metals are free to move around, we say they are “delocalised”. The atoms of metals are effectively positive ions which try to attract the delocalised electrons. This attraction between the nuclei and the delocalised electrons is strong and known as the metallic bond. As some metallic bonds have to be broken when metals are melted, metals have high melting points. The remaining bonds have to be broken when liquid metals boil and so the boiling points are also high.

· What are delocalised electrons in metals?

· Why do metals conduct electricity?

· What is meant by metallic bonding?
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(b) The properties of Metals and Alloys 
	Level
	Learning intentions
	Traffic light

	Nat 4


	I can describe the physical properties of metals using words like; ductile, malleable, lustrous and can link these properties to their uses.
	

	Nat 4


	I have investigated the reactions of metals with water, acid and oxygen and can write general word equations, specific word equations and chemical equations for these reactions.
	

	Nat 5
	I can write balanced ionic equations for the reactions of metals with water, acid and oxygen.
	

	Nat 4
	I can use the results of experiments with metals with water, acids and oxygen to establish the activity series of metals. 
	

	Nat 4
	I can state the test for hydrogen gas. 
	

	Nat 4
	I can use the activity series of metals to make predictions about the reactivity of different metals
	

	Nat 4
	I can describe the how metals are extracted from their ores by heating, heating with carbon, in a blast furnace and by electrolysis of the molten ore and can relate the method used to the metals position in the reactivity series.
	

	Nat 5
	I can identify the reducing agent used in the extraction of metals.
	

	Nat 4
	I can state the definition of an alloy and give some examples of alloys and their uses.
	

	Nat 5
	I can describe the extraction of aluminium from its ore by electrolysis.
	

	Nat 5
	I have investigated the electrolysis of lead bromide and can write half equations for the reactions at the electrodes.
	

	Nat 4
	I have investigated displacement reactions and established a rule to predict when a displacement reaction occurs.
	

	Nat 5
	I can write balance ion equations for a displacement reaction.
	

	Nat 4
	I have investigated a simple cell and can describe how it is set up and can state what an electrolyte is and why it is important in a cell.
	

	Nat 4
	I can use the results of comparing different metals in a simple cell to establish the electrochemical series.
	

	Nat 4
	I can use the electrochemical series to predict the size of the voltage in a cell and the direction of electron flow.
	

	Nat 5
	I can write ion-electron equations for electrochemical cells including those involving non-metals.
	

	Nat 5
	I can use the terms oxidation, reduction and redox.
	

	Nat 5
	I can combine ion-electron equations to form redox equations.
	

	Nat 4
	I understand that simple cell form the basics for many batteries. 
	

	Nat 5
	I understand that fuel cells and rechargeable batteries are two examples of technologies that which utilise redox reactions.
	

	Nat 4
	I can define corrosion of a metal, state the conditions need for iron to rust and relate the speed of corrosion of a metal to its position in the reactivity series.
	

	Nat 4
	I can state the test to show rusting occurring.
	

	Nat 5
	I can write half equations for the oxidation of iron and reduction of water and oxygen that takes place when iron rusts.
	

	Nat 4
	I have investigated and can describe methods for the prevention of corrosion of iron; physical, sacrificial and electrical methods.
	


Prior knowledge (from your previous studies you should know)

·  Where are metal elements found in the periodic table?
· Give some examples of the properties of metals and relate these to their uses.
· State the conditions need for iron to rust.
Using the following list of metals sodium, gold, copper, magnesium and iron to answer the following questions

· Which metal is the most reactive?

· Which metal is the least reactive?

· Which metals would react with oxygen?

· Which metals would react with acid?

· Which metal would be found un-combined in the earths crust?

   Physical Properties of Metals
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There are over ....................... elements known to scientists.

Elements can be divided into two groups – the metals and the non-metals.

Metals can ...................................... electricity when solid or liquid.

Non-metals do not conduct electricity. (Except a form of carbon called .........................)

Metals are ................... when new – they are said to be lustrous.

[image: image65.emf]

[image: image66.emf]

[image: image67.png]and

iron + carbon — iron + carbon
. oxide monoxide dioxide
Carbon monoxide is formed which rises. -

carbon + carbon — carbon
dioxide monoxide

The carbon burns in a blast of hot air.

carbon + oxygen — carbon dioxide

blast of air

Slaa/ —) molten iron




[image: image68.png]


[image: image69.png]O

Magnesium

4

— e

Filter Paper T
Copper Electrode

Filter paper soaked In
salt solution.

Set up the apparatus as shown
with copper connected to the
positive terminal of the
voltmeter, and magnesium as
the test metal.

The metals must not touch.
Note the voltmeter reading.

Keeping the copper electrode,
replace the magnesium with one
of the other metals.

Note the voltage.

Repeat for all the metals.



[image: image3.png]The Periodic Table of the Elements

1 2
He
o
4 5 6 7 8 9 10
Be B C N o F Ne
6551|0011 10811 150107 | 1006 | 159%0s |1sSomaosa| 20177
11 12 13 14 15 16 17 18
Na | M Al Si P S Cl | Ar
22080770| 243050 26081538 | 280885 |30.973761| 33066 | 354537 | 3048
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Se Ti A% Cr |Mn | Fe | Co | Ni | Cu | Zn [ Ga | Ge | As Se Br | Kr
ooy | 007 |arsoio| 4mser | Soviis | Siover |swosmoss| sisas |ssossson| svevia | cress | ess0 | coms | mer | zavsten | 7soo | 70008 | 380
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr { Nb | Mo | Tc | Ru | Rh [ Pd | Ag | Cd In Sn Sb Te 1 Xe
S5 | 676 | ssonshs | 91a%s | 9300y | oo | “on | oror |woronsso| Toods | wo7sews | iivati | ivesis | 1o | 151760 | 19760 |1o6v0mr| 13130
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba | La | Hf | Ta Re | Os Ir Pt | Au | Hg | TI Pb Bi Po At | Rn
13200585 | 157597 | 1355085 | 17840 | 1800470 186207 | 1903 | 169517 | 10507 |106066ss| 20050 | 204383 | 2072 |oovonons| ‘oo | Gioy | oo
87 88 89 104 105 107 108 109 110 111 112 113 114
Fr Ra | Ac Rf | Db | Sg | Bh | Hs | Mt
By | w6 | e MEn ] By B Gey | e |"e | eo | em | em
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr | Nd ([Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Vo [Taooores| 1aase | s | V%6 | 1sroes | 15735 |isioosa] “erso |nentona| 16736 |1esorei| 1750q | 170960
90 91 92 93 94 95 96 97 98 929 100 101 102 103
Th | Pa U Np | Pu |Am {Cm | Bk | Cf | Es | Fm | Md | No | Lr
200381 | 2310588 | 23k0ms0 | (any | oany | o | oan | oin | osn | Cosy | o | s | sy | 0w





Metals are sometimes said to have a high or low density, be malleable or ductile. 

· Malleable means metals can be beaten into different shapes.

· Ductile means metals can be drawn into a wire.

· Density is a measure of how heavy a substance is – measured as the weight of a 1 cm3 volume.

Chemical Properties of Metals 
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METAL + WATER →
            Calcium + Water →
 

             Ca(s) + H2O(l) →

What was observed?.......................................................................Gas  produced ................................

Place the metals in order of reactivity starting with the most reactive.

Most reactive .................................................................................................................. Least reactive

Metal + dilute acid

[image: image72.emf]Copper nitrate

   solution

Add 1 spatula of zinc powder

METAL + ACID →

Zinc + Hydrochloric acid → 

Zn(s) + H+Cl-(aq) →

What was observed? ...................................................................... Gas produced ................................

Place the metals in order of reactivity starting with the most reactive.

Most reactive .................................................................................................................. Least reactive

Metal + oxygen
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METAL + OXYGEN →

Copper + oxygen → 

Cu(s) + O2(g) →

What was observed? .......................................................................

Place the metals in order of reactivity starting with the most reactive.

Most reactive .................................................................................................................. Least reactive
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The Activity Series
From the study of the reactions of different metals with water, acid or oxygen, chemists have produced the activity series – ‘a kind of league table’ of metals which puts them in order of reactivity.

The metals at the top of the activity series are the most reactive. The metals at the bottom of the series are the least reactive. 








           MOST

 REACTIVE

	
	Reaction with
	

	Metal
	Oxygen
	Acid
	Water
	

	Potassium
	Burns when heated to form the metal oxide.
	Acid decomposes explosively.
	Reacts with cold water to form hydrogen gas.
	P

	Sodium
	
	
	
	S

	
	
	Reacts to form salt and hydrogen gas.
	
	C

	
	
	
	
	M

	Aluminium
	
	
	No reaction with cold water.
	A

	Zinc
	
	
	
	Z

	
	
	
	
	I

	Tin
	
	
	
	T

	
	Metal oxide formed slowly on heating.
	
	
	L

	Hydrogen*
	
	No reaction.
	
	H

	
	
	
	
	C

	Mercury
	
	
	
	M

	Silver
	No reaction.
	
	
	S

	Gold
	
	
	
	G

	Platinum
	
	
	
	P
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          LEAST

 REACTIVE

* Hydrogen is sometimes included in the activity series, although it is not a metal.


Hydrogen divides the activity series into two groups. The metals above hydrogen in the activity series react with acids to give hydrogen gas. The metals below hydrogen in the activity series do not.

      Extraction of Metals
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The very unreactive metals copper, silver and gold are sometimes found uncombined (that is as the element) in the Earth’s crust. However most are only present as compounds. Metals are extracted from rocks called ores.

The extraction of a metal from its compound (metal ore) is an example of reduction. 

Reduction can involve the loss of oxygen from its compound. This idea will be covered later in the topic.

The lower a metal is in the activity series the easier it is to extract from its ore.

	Activity Series
	Date discovery
	Method of extraction of metal

	Potassium
	
	The very reactive metals can be extracted by passing electricity through the molten ore. This is called electrolysis of the melt

	Sodium
	
	

	Calcium
	
	

	Magnesium
	
	

	Aluminium
	
	

	
	
	

	Zinc
	
	These metals can be extracted by heating the ore (usually an oxide) with carbon or carbon monoxide

	Iron
	
	

	Tin
	
	

	Lead
	
	

	Copper
	
	

	
	
	

	Mercury
	
	These metals can be extracted by just heating the ore

	Silver
	
	

	Gold
	
	

	Platinum
	
	


Notice that the order of metals in the activity series is very similar to the order of the metals in the electrochemical series on page 7 of the data booklet. Use the electrochemical series to predict how the following metals are extracted from their ores.
a) lithium ...................................................... b) nickel ......................................................
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Extraction of Iron
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Industrially, iron is produced continuously in a blast furnace. In the blast furnace, both carbon and carbon monoxide extract iron from its ore.
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Extraction of Aluminium
Aluminium is a very reactive metal and has to be extracted by ELECTROLYSIS of the MOLTEN ore (aluminium oxide).

Electrolysis is the process of passing electricity through a molten electrolyte or an electrolyte solution resulting in the decomposition (breaking down) of a compound. 
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Aluminium forms round the negative electrode. At these high temperatures, the aluminium is molten so collects at the bottom of the electrolysis container.
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Alloys
An alloy is a mixture of two or more metal elements. Pure metals sometimes lack certain required properties. Alloys can be produced with the desired properties to suit almost any purpose.

	Alloy
	Composition
	Use

	Bronze
	
	

	
	Copper/Zinc
	

	
	
	Bicycle chains

	Solder
	
	

	
	Iron/carbon
	Cars/buildings

	Stainless Steel
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 A Displacement Reaction
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What did you observe?

The test tube became hot when the zinc reacted with the copper nitrate solution. Red brown ...................... was produced. We say that the zinc has displaced the copper from the compound copper nitrate.

Zinc (s)  + copper nitrate (aq)      →        zinc nitrate (aq) + copper (s)
Zn(s)    +  Cu2+(NO3-)2 (aq)            →                       +     Cu (s)
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The Rule for a Displacement Reaction
Complete the table below by adding the metals to the appropriate solutions - use a spotting tile. Can you see a pattern in the results? Can you relate this to the positions of the two metals in the activity series?

	Metal
	Added to a solution of

	
	Magnesium nitrate
	Zinc nitrate
	Tin nitrate
	Copper nitrate

	Magnesium
	
	
	
	

	Zinc
	
	
	
	

	Tin 
	
	
	
	

	Copper
	
	
	
	


 tin + copper nitrate → 

magnesium + zinc nitrate →

A metal high in the activity series can displace a metal ...................... in the series from its compounds.

Circle which of the following pairs will give displacement reaction.

aluminium + copper nitrate 

iron + zinc nitrate

lead nitrate + copper

magnesium + lead nitrate

silver + copper nitrate  
silver nitrate + iron

[image: image98.jpg]


The Electrochemical Series
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A simple cell can be made using two different metals with an ionic solution (electrolyte) in between. 

The ammonium chloride (a salt) solution acts as an “electrolyte”.

Electrolytes are ionic solutions which conduct electricity.

	Metal Pair
	Voltage Reading (V)

	Sodium/Copper
	

	Magnesium/Copper
	

	Zinc/Copper
	

	Iron/Copper
	

	Tin/Copper
	

	Lead/Copper
	

	Copper/Copper.
	

	Copper/Silver
	

	Copper/Gold
	


This order is called the electrochemical series. 

Note it is almost the same as the activity series. An extended electrochemical series can be found on page 7 of the data booklet.

The size of the voltmeter reading depends on the two metals being used. The further apart the metals are in the electrochemical series the ........................... the voltmeter reading.

In the cell the electrons flow from the metal ........................ in the electrochemical series to the metal ................................ in the series.

Simple Cells
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In a cell chemicals react together to produce electricity.

Chemical energy      →      Electrical energy

[image: image102.png]electrons electrons
ke (V)

carbon

ion bridge

I"(aq) Fe® (aq)




A simple cell can be made using 2 different metals with an ionic solution (electrolyte) in between e.g.
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A more reliable cell is produced if the two metals are each dipping in a solution containing their own ions e.g.

An ion bridge is needed to complete the circuit. The ion bridge can be made by soaking a filter paper in a salt solution. It allows ions to flow between the 2 solutions.
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     Oxidation and Reduction
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REDUCTION is a GAIN of electrons 

OXIDATION is a LOSS of electrons 

You may find the mnemonic OIL RIG useful.
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When an OXIDATION reaction occurs the 

electrons which are lost must be gained in a REDUCTION reaction.

This is called a REDOX reaction
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Redox cells – oxidation and reduction
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This cell is based on a displacement reaction. In displacement reactions, the metal higher in the activity series can displace a metal below it from its compounds.

e.g.  zinc can displace copper from copper nitrate solution.

Zinc (s) + copper nitrate (aq)        →        zinc nitrate (aq) + copper (s)
The nitrate ions play no part in the reaction they are said to be spectator ions.

In beaker I, the zinc atoms making up the electrode lose electrons to change into zinc ions.

We say the zinc atoms are oxidised. 
Zn(s)  →  Zn2+(aq) + 2e-         
OXIDATION
The electrons flow through the wires and meter to beaker II.

In beaker II, the positive Cu2+ ions in the solution gain electrons to from copper atoms on the surface of the electrode. We say the Cu2+ ions have been reduced.

Cu2+(aq) + 2e-   →    Cu (s)  

REDUCTION
The ion bridge completes the circuit. It allows ions to flow between the 2 solutions.

What happens to the mass of the zinc electrode during the experiment?

........................................................................................................

What happens to the mass of the copper electrode during the experiment?

........................................................................................................

What happens to the blue colour of the copper nitrate solution during the experiment?

........................................................................................................

Displacement is an example of a REDOX reaction. A redox reaction takes place in two halves – OXIDATION and REDUCTION. One cannot take place without the other.
Redox Equations
We have seen that the process of a substance losing electrons is called oxidation and a substance gaining electrons is called reduction and that ion-electron half equations can be written for them. The oxidation and reduction equations can be combined to form what is known as a redox equation. The electrons need to balance and then are cancelled out when the two equations join together.

WORD EQUATION



iron(s) 
+
copper sulphate(aq)
→
iron sulphate(aq)
+
copper(s)
Oxidation

Fe(s)

→
Fe2+(aq)
+
2e-
Reduction

Cu2+(aq)
+
2e-

→
Cu(s)

Redox

Fe(s)

+
Cu2+(aq)
→
Fe2+(aq)
+
Cu(aq)



Write oxidation and reduction half equations and then combine them to form redox equations for the following chemical reactions:

a) zinc added to silver nitrate solution.

WORD EQUATION


Oxidation



Reduction

Redox
Name the spectator ion

b)magnesium added to  iron(III) nitrate solution.

WORD EQUATION


Oxidation



Reduction

Redox

Name the spectator ion

A cell with non-metal electrodes


The reaction between iron(III) nitrate solution and potassium iodide solution is a redox reaction.

OXIDATION   


2I- (aq)     →
I2 (aq)  +   2e-
REDUCTION 

 Fe3+ (aq)   +   e-  →   Fe2+ (aq)   

REDOX EQUATION
A cell can be set up with carbon electrodes, the flow of electrons in the wires of the circuit indicates that a redox reaction is taking place. 

· Why are carbon electrodes used?
· An ion bridge is made by dipping a filter paper in salt solution. Why is an ion bridge needed?
Batteries

All batteries contain ....................., so they are a store of chemical ................................ . This energy is released as electricity i.e. a flow of ................................. along the wires, when these chemicals take part in a .................................. reaction.

When this happens the chemicals are ........................................ and the battery eventually needs to be replaced.


Rechargeable batteries and fuel cells

Rechargeable batteries, such as nickel/cadmium or .................../acid batteries, contain chemicals which react in redox reactions.
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A fuel cell is a device that generates electricity by a chemical reaction. Hydrogen is the fuel, but fuel cells also require oxygen. At the positive electrode (anode) the hydrogen is broken down into a Hydrogen ion (or proton) and an electron. The proton is attracted to the negative electrode (cathode). The key to the fuel cell is the proton exchange membrane that only allows protons to pass through. The electrons have to flow through an external circuit. The proton and electron then meet at the negative electrode where they react with the oxygen forming water.


Reaction at anode 


                   2H2(g) →
4H+(g)
+ 4e-

Reaction at cathode
             O2(g)
+ 4H+(g) +
4e-    →
2H2O(l)

One great appeal of fuel cells is that they generate electricity with very little pollution, only water.

Rusting and Redox
Rusting is the name given to the corrosion of the metal ..........

When iron rusts, its atoms lose 2 electrons forming Fe2+ ions.

→           + 2e-
      oxidation

The Fe2+ ions can lose more electrons to form Fe3+ ions which are found in rust. 

→                         further oxidation

The formula for rust is Fe2O3.xH2O , where x is variable.

The rust formed then flakes off leaving a fresh surface of iron which is then attacked by more air and water. This rusts and flakes off and so on until the piece of iron is completely corroded, e.g. a hole produced in the front wing of a motor car.

Rusting is a REDOX reaction, oxidation must always be accompanied by reduction, something must take away the electrons. The electrons lost by the iron are gained by the oxygen and water to form hydroxide ions.






         →

The presence of ions speeds up the rate of corrosion.  Dissolved CO2 gives rise to ions so can also speed up the corrosion.

 
Preventing Corrosion – Physical Protection
Physical Protection - stopping corrosion by keeping out air and/or water. This can be done using a physical barrier.

i) covering the iron with grease or tar    

ii) painting the iron e.g. paint on car 

iii) coating the iron with plastic            

 iv) tin plating       

v) galvanising (dipping the iron in molten zinc coating)

Preventing corrosion – Sacrificial Protection
Fe2+ ions are produced when iron rust. Ferroxyl indicator turns blue with Fe2+ ions. The greater the extent of the rusting the .................. the blue colour of the ferroxyl indicator.
 
      
                             Iron nail              iron nail            Iron nail              Iron nail              Iron nail

                              + Mg                   + Zn                   only                   + Pb                      +Cu

When iron is connected to a metal ................ in the electrochemical series it corrodes more slowly. But when iron is connected to a metal.......... In the electrochemical series the rate of corrosion is faster.
Metals ..................... up in the electrochemical series pass on electrons to metals .................. in the electrochemical series. 


Sacrificial protection is a method of corrosion protection where a more reactive metal sacrifices itself (corrodes) by supplying electrons to protect the less reactive metal. 
Preventing corrosion - Galvanising and Tin plating



	
	Galvanising
	Tin-plating

	Metal coating
	
	

	Position
	
	

	Application
	
	

	
	




	

	What happens when coating scratched
	
	

	Direction Electron flow
	
	

	Protection
	
	


Why should galvanised containers not be used to store food ………………………………………………………………………………...........

....................................................................................................................................................................................................................................

Why should food not be stored in open tin cans………………………………………............................................................................................

………………………………………………………………………………………………………........................................................................

Preventing corrosion – Electrical methods

An iron object connected to the ……………. terminal of a power supply is protected from rusting because ………………. are flowing from the ………………

An iron object connected to the  …………………… terminal of a power supply rusts quickly because …………………… are being removed from the iron.

Iron objects can be protected by connecting them to the ...................... terminal of a battery. The ......................... will pass from the battery to the iron object and prevent iron atoms turning into iron ions stopping it from corroding. 
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(c) Materials 

	Level
	Learning intentions
	Traffic light

	Nat 4
	I can desire some of properties of plastics and the advantages and disadvantages of plastics.
	

	Nat 4
	I can relate the elements present in a plastic to the harmful gases produced when a plastic burns.
	

	Nat 4
	I can describe some of the problems associated with disposing of plastics and understand plastics have been developed which can be biodegradable.
	

	Nat 4
	I understand plastics can be grouped as thermosetting and thermoplastic and can describe how they behave on heating.
	

	Nat 4
	I understand that plastics are formed from small units called monomers. The name of the polymer can be deduced from the monomer.
	

	Nat 5
	I can describe how plastics are made by the process of addition and condensation polymerisation.
	

	Nat 5
	I can identify the type of polymer as addition or condensation from its structure.
	

	Nat 5
	I can draw the structure of a polymers from its monomers.
	

	Nat 5
	I can draw the structure of the monomers from the structure of a polymer.
	

	Nat 5
	I an identify the structure of the repeating unit in a polymer
	

	Nat 4
	I understand new materials are being constantly developed and updated to meet the demands of society. These materials tend to have special and unique properties.
	

	Nat 5
	I have investigated novel materials (smart materials) and their properties. 
	


Prior knowledge (from your previous studies you should know)

· Write a definition for 

Alkane 
-

Alkene 
-

Saturated 
-

Unsaturated
-

· Fractional distillation followed by cracking of long chain hydrocarbons produces what kind of molecules?

Useful properties of plastics 
 


Problems when plastics burn 

Some plastics burn or smolder and give off toxic fumes. 

When compounds burn they use up oxygen form the air and produce oxides of all the elements in the original compound.

Many plastics are made of long hydrocarbon chains. When they burn, they produce ……………………  ………………….. and ………………….. 

If the air supply is restricted when any plastic burns, then the very poisonous gas …………………… ………….. is produced instead of carbon dioxide. This is because every plastic contains carbon.

	Plastic
	Elements present in plastic
	Toxic gas produced

	Nylon
	C, H, N, O
	

	PVC
	C, H, Cl
	

	Polystyrene
	C, H
	

	Polyurethene
	C, H, N
	

	Poly(ethene)
	C, H
	


Carbon monoxide CO, Hydrogen cyanide HCN, Nitrogen dioxide NO2, Hydrogen chloride HCl.

Biodegradable plastics 

Plastic packaging does not rot away and causes major litter problems. Many plastics are non-biodegradable, meaning they will not rot away in nature. Plastics are now being introduced that are biodegradable e.g. Biopol (biodegradable polymer). 

	Name of Sample
	Did it melt?
	Thermoset or Thermoplastic

	Polythene
	
	

	Polypropene
	
	

	Polystyrene
	
	

	Polyester
	
	

	PVC
	
	

	Nylon
	
	

	Rubber
	
	

	PET
	
	

	Urea-formaldehyde
	
	

	Melamine-formaldehyde
	
	


Thermosetting and thermoplastics Polymers
Thermoplastic plastics are those which can be resoftened on heating e.g. ............................., .................................... and .................................

Thermosetting plastics are those which cannot be resoftened on heating e.g. ........................, .................................. and .....................................

Both types of plastics consist of long, tangled chains but in ............................... polymers, there are links between the chains which gives a much more rigid structure. 

 
Monomer and polymers 

A polymer is a very big molecule made from many small molecules (called monomers) which repeat through the structure. 
	Monomers
	Polymers

	Reactive compounds.
	………………… compounds.

	Small molecules.
	.................. molecules lots of ……….. atoms in a chain. 

	Contain a carbon-carbon ……………….. bond i.e. unsaturated
	Contain carbon-carbon single bonds i.e. ……………………

	Usually a ……………or  a ……………….
	Solids

	………………. compounds to produce
	More valuable to sell

	Of little use as they are
	Very useful once processed



How do monomers join to make a polymer? 

The process in which the monomers join to make a polymer is called ……………………... 

Many plastics or polymers are made from unsaturated monomers obtained by ……………………………. 

The simplest monomer is ……………, C2H4 

Ethene monomers join together to give a polymer called poly(ethene), which is often called polythene. 

The process is called addition polymerisation because the monomer units join together to give one product, by a series of reactions in which the ………………… bond breaks.
Many plastics are made from alkenes, or from unsaturated molecules made from alkenes. 

	Monomer Name
	Ethene
	
	Propene
	Phenylethene

	Monomers structure
	
	
	
	

	Polymer name
	
	
	
	

	Polymer structure
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	Repeating unit
	
	
	
	

	Original Name of Monomer
	Ethene
	Vinyl chloride
	Propylene
	Styrene

	Original Polymer Name
	Polythene
	Polyvinyl chloride (P.V.C.)
	Polypropylenee
	Polystyrene


Novel materials

The recent developments in polymer chemistry have led to the production of new materials which have unique and interesting properties. New materials are being engineered and constantly updated to meet the demands of society.
Poly(ethenol) is a plastic which readily dissolves in water.  It is used to make laundry bags for hospitals.  The bag dissolves when it is placed in hot water and the washing is released.  This means that hospital workers do not need to handle the dirty linen, reducing the risk of infection. Dissolving polymers have another medical use - as stitches in surgery.  
Kevlar is an extremely strong plastic.  It is used to replace steel in the cords of car tyres.  Kevlar ropes are much stronger than steel ropes of the same weight.  A stiffer form of Kevlar is used in aircraft wings, where its strength combined with its low density is important.  It is ideal for making bulletproof vests, which are made from composites of Kevlar. 

Biopol is the trade name used by Zeneca for a family of natural polyesters made by certain bacteria. Biopol is unusual in that the polymer is biodegradable, i.e. it can be broken down by bacteria found in the soil, in rivers and the sea.  Applications that would lead to the economic production of large volumes are presently being investigated. 

Hydrogels, water absorbent gels are used everywhere from nappies to the desiccant in consumer electronics. This principle is now being used for the supergels used to glean up oils slicks.
D3O This plastic is an example of a SMART material, it will change its bonding when a stress is placed upon it, such as it being hit. It goes from a soft pliable material to extremely hard in an instant and sees applications in protective clothing for extreme sports.

Light Emitting Plastics The seemingly trivial discovery of light emitting polymers will revolutionise lighting in the home, with entire ceilings made from light emitting polymers. The development in display technology means that not only will flat screen televisions be very thin but that flexible displays are also possible. The phones, TVs and computers of the future may well be rolled up for storage.
· Investigate some of the novel (smart materials) for the following properties e.g. conductivity, solubility, colour changing, water absorption.
 (d) Fertilisers 

	Level
	Learning intentions
	Traffic light

	Nat 4


	I can explain how chemist play an important role in helping to make sure plants have the correct nutrients to ensure sufficient food production.
	

	Nat 4


	I can name the three key elements which provide the nutrients required for plant growth.
	

	Nat 4
	I can calculate the % composition of an element in a fertiliser and relate this to the fertiliser packaging.
	

	Nat 4
	I can give examples of natural (organic fertilisers).
	

	Nat 4
	I can identify compounds that would be suitable as fertilisers and justify why they would make a good fertilisers.
	

	Nat 4
	I can describe the potential environmental impact of over use of fertilisers. 
	

	Nat 4
	I can describe how fertilisers can be produced using neutralisation reactions.
	

	Nat 5
	I can describe the Haber process and how it is used to manufacture ammonia.
	

	Nat 5
	I can understand the Haber process is an example of a reversible reaction.
	

	Nat 5
	I can explain how ammonia is used to produce nitric acid by the Ostwald process
	

	Nat 5
	I can describe how the Haber and Ostwald processes and a neutralisation reaction can be used commercially to produce ammonium nitrate for uses as a fertiliser.
	


Prior knowledge (from your previous studies you should know)

· Name 3 essential nutrients plants need in order to grow.
· Describe the environmental impact of over use of fertilizers.
Population and food needs 

The ever increasing .............. ........................ means more food is needed and fertilisers are used to grow plants efficiently. 

Growing plants need ............................ - soluble compounds containing nitrogen, phosphorus and potassium which are absorbed by roots.

	Fallow (wild) land
	Farm land
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When crops are harvested, these nutrients are removed from the cycle and need to be replaced. 

· Organic fertilisers such as animal manure can be used. Why are additional chemical fertilisers also needed on a world wide scale?

Fertilisers containing Nitrogen (N), Phosphorus (P) and Potassium (K) are known as NPK fertilisers. 

	Nutrient
	Role in Plant growth
	Effect of Shortage

	Nitrogen
	
	Stunted growth, pale leaves, weak stems.

	Phosphorus
	
	Slow growth of plants, poor fruit

	Potassium
	
	Plants stunted with poor resistance to frost, drought and disease


Depending on the nature of the crop being produced. different fertilisers are used. e.g. fertilisers for rapid growth of grass tend to be high in ......................... . While fertilisers for encouraging flowers and fruit on tomato plants tend to be high in .............................. . 

Fertilisers need to be dissolved in water to get into plants as they are taken up through the  ....................... .

· Circle the compounds which could be used as fertilisers. 

NH4Cl  
NH4NO3 
NaCl
    Ca3PO4       KNO3 
    Na3PO4
    Mg3(PO4)2. 

AlPO4              BaCl2             K3PO4      CuSO4         CaCO3     KCl                 (NH4)3PO4   
Percentage composition

Percentage Composition – this is the percentage (by mass) of an element in a compound. 

% mass of element = 
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Example:
Magnesium carbonate has the formula MgCO3 and contains 1 atom of magnesium, 1 atom of carbon and 3 atoms of oxygen in the formula unit. 
The relative atomic masses of Mg, C and O are respectively 24.5, 12 and 16 (Page 4 in the data book). 
This gives a formula mass of          
Mg 
1 x 24.5 = 24.5

                                                        
C    
1 x 12    = 12

                                                         
O    
16 x 3    = 48    
                                                                                         84.5 a.m.u


% mass of magnesium = 


                               =                        

                               = 29.0%

% mass of carbon = 


                               =                        

                               = 14.2%

% mass of oxygen = 


                               =                        

                               = 56.8%  

Check total 29.0 + 14.2 + 56.8 = 100 %

Manufacture of ammonia – the Haber process 
In industry ammonia is manufactured in the Haber Process. 

Nitrogen from the air and hydrogen react to form ammonia (NH3). 

N2 + 3H2                 2NH3  

(High pressure moderately high temperature)

The reaction is reversible i.e. it can go in both directions.


If too high a temperature is used, the ammonia breaks down to nitrogen and hydrogen. This is why a moderately high, but not too high a temperature is used. 


A ........................... catalyst is used to speed up the reaction. 

Not all the nitrogen and hydrogen are converted into ammonia. Any unreacted N2 and H2 are ……………………. 

 
Making ammonia in the laboratory 

	Compound
	Observation with damp pH paper

	Ammonium chloride
	

	Ammonium carbonate
	

	Ammonium sulphate
	





Properties of ammonia 

Ammonia is a colourless ................... which turns moist pH paper ...................... i.e. it is an .......................... . 

NH3(g) + H2O(l) → NH4OH(aq) 
Ammonia has a characteristic pungent smell. 

Ammonia is very soluble in water as shown by the fountain experiment. 


Ammonia and neutralisation
Ammonia neutralises acids to make salts. These soluble salts can be used as fertilisers as they contain nitrogen. 


ACID             +     AMMONIA                   

SALT 

       Sulphuric acid   +  
.................                   
 ...............................  

            H2SO4           +      NH3


   
 (NH4)2SO4
     Nitric Acid      +   
ammonia        
  


...............................

             HNO3           +       NH3                

            NH4NO3
Oxidation of ammonia – the Ostwald process 

Ammonia can react with oxygen and water to produce nitric acid in the Ostwald Process. A ............................... catalyst is needed. The reaction is an example of oxidation as ammonia reacts with oxygen on the surface of the platinum catalyst. 

	Name
	nitrogen gas   


	ammonia  
	nitrogen dioxide 


	nitric acid  



	Formula 


	
	
	NO2
	HNO3


Write chemical equations for the following reactions

i) The formation of ammonia in the Haber process from nitrogen(g)  and hydrogen(g).


ii) Nitrogen dioxide(g) dissolving in water with oxygen(g) to make nitric acid.


If these reactions are carried out at very high temperatures the product can break down. If very low temperatures are used the reaction is too slow. Consequently in industry compromise temperatures are used. 

Explain the importance of the Ostwald Process. 

Explain why we do not need to keep heating the platinum catalyst. 

This is the method used in industry to make ………………………….. (HNO3).

Industrial manufacture of ammonium nitrate 

· Draw a flow diagram to show how the Haber and Ostwald processes and a neutralisation reaction could be used to produce ammonium nitrate fertiliser.
Problems caused by the use of fertilisers 

Rain can wash fertilisers into ………….. and lochs and cause harmful …………............... to grow rapidly. 

These remove …………………… from the water and kill fish and plants.

(e) Nuclear Chemistry 

	Level
	Learning intentions
	Traffic light

	Nat 4


	I can describe the formation of the elements.
	

	Nat 4


	I understand that back ground radiation is a natural phenomenon and can give examples of factors that contribute to background radiation.
	

	Nat 5
	I can state that radioactive decay is the breakdown of the nucleus to release energy and matter from the nucleus of an atom and that an unstable element does this in order to achieve stability.
	

	Nat 5
	I can name the different types of radiation. 
	

	Nat 5
	I can identify the different types of radiation as a result of their penetrating powers in different materials. 
	

	Nat 5
	I can write nuclear equations to describe nuclear reactions
	

	Nat 5
	I can state that the half life of an element is the time taken for half of the nuclei of a particular isotope to decay and is a constant. 
	

	Nat 5
	I can solve simple problems relating to half life
	

	Nat 5
	I can give examples of radioisotopes and their uses in medicine and industry and suggest some of the features of the isotopes that make them suitable for the  selected applications
	

	Nat 5
	I can describe how carbon dating can use radioisotopes to date materials.
	

	Nat 5
	I can describe how radioisotopes can be used to produce energy (fission and fusion) and have investigated some of the issues surrounding the uses of nuclear fuels.
	


Prior knowledge (from your previous studies you should know)

Draw a simple diagram to represent an atom of carbon

· What is the mass number of an element
What is the atomic number of an element

· Background radiation and formation of elements

· Watch the following video clip

http://www.bbc.co.uk/learningzone/clips/how-are-elements-made/12234.html
· How are the heavier elements formed?

Background radiation is a natural phenomenon and is caused by various factors. As you can see from the pie chart, the vast majority of our annual dose comes from radon gas, food & drink, the ground, and cosmic rays.

Radioactivity

Some atoms are unstable. Unstable nuclei are called radioisotopes.

Radioactive decay is the breakdown of a nucleus to release energy and matter from the nucleus. The release of energy and or matter allows unstable nuclei to achieve stability.

There are three types of radiation





α alpha decay





β beta decay





γ gama decay

each capable of different degrees of penetration

· Watch the following video clip 
http://www.bbc.co.uk/learningzone/clips/alpha-beta-and-gamma-radiation-pt-1-2/4561.html
	type of radiation
	penetration

	alpha
	Only travels a few centimeters in air.

Can be stopped by a sheet of paper

	beta
	More penetrating than α

Can be stopped by sheet of metal foil or Perspex.

	gamma
	Most penetrating.

Can be stopped by very thick lead sheet or concrete.


· Which type of radiation is the most dangerous?
Radioactive elements can become more stable by giving out alpha, beta or gamma radiation.
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· Why are some nuclei and isotopes unstable?
· What is the main difference between radioactivity and a chemical reaction?
α - particles
Alpha particles consist of 2 protons and 2 neutrons, they are the heaviest of the radioactive particles with a mass of 4 amu and have a positive charge. Due to their size they are not very penetrating and can be stopped by a few cm of air or a sheet of paper.
Alpha Particles are actually helium nuclei (
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When an atom undergoes α-decay the mass number decreases by 4 and the atomic number by 2

e.g. α – decay of 
[image: image15.wmf]Th

232

90



[image: image16.wmf]Th

232

90

→ 
[image: image17.wmf]He

4

2

 + 

The total of the mass numbers and atomic numbers should be equal on both sides of the equation.

The symbol for the elements is found from the atomic number.

· Write equations for the α-decay of 

i)   
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ii) 
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β-particles
β particles are high speed electrons from the nucleus. It is thought that a neutron in the nucleus splits into a proton and an electron. These are negatively charged, with a mass of effectively zero and can penetrate much further requiring a thin sheet of aluminium to stop them.
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Therefore in –decay, the atom gains a proton so the atomic number increases by 1.

The nucleus has lost a neutron, and gained a proton. As the mass number equals the number of protons plus the number of neutrons, the mass number remains unchanged.
e.g. β – decay of 
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As before the total of the mass numbers and atomic numbers should be equal on both sides of the equation. The symbol for the elements is found from the atomic number.

· Write equations for the β-decay of 

i)   
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ii) 
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α – waves is high energy electromagnetic radiation that results from a redistribution of electrical charge in the nucleus and often accompanies α and β decay. They have no mass and no charge, but can penetrate through several cm of metal and are only stopped by thick blocks of lead or concrete.
· Video tutorial on nuclear equations

http://www.khanacademy.org/science/chemistry/radioactive-decay/v/types-of-decay
	Radiation
	Symbol
	Charge
	Mass

	Alpha 
	
	
	

	Beta
	
	
	

	Gamma
	
	
	



Half life

Radioactive atoms spontaneously emit radiation in order to achieve a more stable nucleus.

It does not matter wether the radioactive substance is present as an element or compound.

The rate of radioactive emission depends only on the mass of radioactive substance present. It is totally independent of temperature, pressure, concentration, physical state, catalysts etc.

The half life (t1/2) of a radioactive sample is the time taken for the activity to fall to half its original value.

This means radioactive material decay as shown:-


Each radioactive isotope has a particular half life which can vary from a fraction of a second to millions of years.

· Work out the half life from the graph 

                                     t½ =

The expected activity of a sample can be calculated using the half life.

	half life
	time (s)
	activity

	0
	0
	1

	1
	30
	½ 

	2
	60
	¼ 

	3
	
	

	4
	
	

	5
	
	

	6
	
	


e.g. What fraction of the activity of a sample of will remain after 3 minutes?

t½ = 30 seconds

              ........... th of the activity will remain 
Similarly, the half life on an isotope can be calculated using the activity.

e.g. The activity of a sample of 
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is found to be only 6.25 % of the original activity when it arrived in hospital 32 days later. What is the half life of 
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?
Use of radioisotopes

1) Radioisotopes are used in medicine


Tracers – are generally short-lived isotopes (or compound of isotopes) that are absorbed by specific organs in the body. The activity of the thyroid gland can be studied by measuring uptake of 
[image: image30.wmf]I

131

. Gamma cameras can be placed over the patient to detect the tracer and detailed images produced.
· Why is a gamma emitter used as a tracer?

Apart from the 3 main types of particle in an atom (protons, neutrons and electrons) there are many other types of particle.  Positrons are small light particles with about the same mass as an electron. Positron emission tomography (PET) relies on the positron-emitting radionuclide being injected into the patient and accumulating in the target tissue. As it decays, gamma rays are produced. Detection of these gamma rays allows very precise indication of the location and detailed images of the target tissue to be produced.
· Simulations of PET scans 
http://www.insidestory.iop.org/insidestory_flash1.html
Bone scans can also involve injecting patients with a γ emitter. With the correct radioisotope, this is considered to be an acceptable risk. 
· What is special about the radioisotopes used as tracers?

Use in treatment

Radioactive isotopes are used to treat types of cancer. Rapidly dividing cells are particularly sensitive to damage by radiation. As a result, it can be possible to control or destroy cancerous growth using targeted radiation. 

The γ emitter 
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can be used to treat deep seated tumours and less penetrating β emitters are used for skin cancer.
· Simulation of radiotherapy to treat tumours.
http://www.insidestory.iop.org/insidestory_flash1.html
· Consider the planning for radiotherapy and how the treatment is delivered. Why is it done in this way?

· What are the risks associated with using radioactive material in medical treatment, both for the patient and for healthcare workers?

2) Radioisotopes are used in industry.
γ radiation, is used to examine castings and welds for imperfections.

Leaks in pipelines, flow patterns in estuaries and ventilation flows can be investigated using small quantities of short half-life isotopes which leave negligible residual activity.

3) Radioisotopes are used in scientific research.

Metabolic processes can be followed by introducing a radioisotope to a living thing. For example studies using 
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have helped our understanding of photosynthesis.

4) Carbon dating

Carbon dating using 
[image: image33.wmf]C
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can be used to age once living relics
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is produced in the atmosphere from the bombardment of nitrogen-14 with neutrons.
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This 
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 like 
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 is constantly being taken up by growing plants and then by animals so that the ratio of 
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:
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is constant. When they die however , they receive no fresh supplies of 
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 but he 
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then undergoes β decay.
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By measuring the 
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 ratio the time since a sample ‘died’ can be estimated.

5) Radioisotopes are used to produce energy


Nuclear Fission involves the breaking of an unstable atom into smaller, more stable atoms. Huge amounts of energy are released. 
In a nuclear reactor naturally occurring isotopes of 
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 are bombarded with neutrons.
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The energy released can be used to produce electricity.

· Explain the difference between fission and radioactive decay

Research one of the following questions

· What differentiates the nuclear bomb from the nuclear reaction within a fission reactor?
· Are there any differences between the design of the nuclear plants at Chernobyl and Fukushima, and typical reactor design in the UK?

· What are the technologies used to control to chain reaction in nuclear fission reactors? 

· What are the technologies of reactor and plant design which minimise risks to the environment, workers and local residents?

· To what extent can we plan and prepare for the ongoing impact of environmental disasters such as tsunamis and earthquakes? 

· Compare and contrast international reaction to Chernobyl and Fukushima separate crises, 25 years apart.

	
	Nuclear fuels
	Fossil fuels

	Safety
	
	

	Pollution
	
	

	Use of finite resources
	
	


Nuclear Fusion involves the joining of small atoms into larger, more stable atoms. Huge amounts of energy are released.
Nuclear fusion occurs in our sun.

Hydrogen atoms fuse (join) together to produce helium atoms.
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In the future we may be able to build a nuclear power station based on this reaction.
 (f) Chemical Analysis

	Level
	Learning intentions
	Traffic light

	Nat 4


	I understand that chemical analysis permeate all aspects of chemisty and has a wide range of applications.
	

	Nat 4


	I can state what qualitative analysis is and give examples of qualitative analytical techniques eg. flame tests, chromatography,  pH and chemical tests.
	

	Nat 5
	I understand that chemists play an important role in society by monitoring our environment to ensure that it remains healthy and safe and that pollution is tackled as it arises.
	

	Nat 5
	I understand that chemists can monitor the environment both qualitatively and quantitatively by a range of methods, e.g. precipitation reactions, flame tests, chromatography, pH and chemical test and  acid/base titrations, 
	


Prior knowledge (from your previous studies you should know)

· Give some examples of separation techniques used to separate mixtures.

Chemical Analysis

Chemical analysis has a wide range of applications and permeated all aspects of chemistry.
· Analytical techniques are used in medicine to identify chemicals in the blood and urine and their concentrations. (e.g. identifying diseases, athlete drug testing, glucose levels diabetes, blood alcohol levels).

· Analytical techniques may be used in industry to monitor chemical reactions, (e.g. in a distillery the key flavour components are monitored as the whisky matures in the barrel, quality control of products)
· Analytical techniques are used in forensic science (paint samples, drug analysis)

· Analytical techniques are used to monitor the environment around us to ensure that it remains healthy and safe and that pollution is tackled as it arises. (e.g air pollution levels, water analysis, soil testing etc.)
Although modern analytical chemistry makes use of sophisticated instrumentation, the roots of analytical chemistry and some of the principles used in modern instruments come from traditional techniques many of which are still used today.

Qualitative Analysis

Qualitative analysis determines the presence or absence of a particular atoms, ions or molecules in a sample. Chemical tests can be considered to be examples of qualitative analysis. 

Qualitative techniques can include: 
	Metal
	Colour of the flame

	calcium
	

	strontium
	

	barium
	

	copper
	

	potassium
	

	sodium
	


Flame tests

Metals (both as atoms in the element and ions in a compound) change the colour of a flame when they are heated in it. Different metals give different colours to the flame, so flame tests can be used to identify the presence of a particular metal in a sample. 

Chromatography
Chromatography can be used to separate and determine the compounds present in a mixture.
· Chromatography was used to monitor a chemical reaction. Has a pure sample of product been produced?
                                           Start of reaction                     after 1 hour
Chemical tests 

There are lots of qualitative tests some of which we have covered throughout the course
	Reagent
	Used to test for (observation)

	pH indicator
	

	Benedicts reagent
	

	Iodine solution
	

	Lime water
	

	Acidified dichromate solution
	


Precipitation reactions
	Halide ions
	Test with acidified silver nitrate

	F-
	

	Cl-
	

	Br-
	

	I-
	


The halide ions (ions of the Group 7 elements) form an insoluble compound (a precipitate) with silver nitrate solution. A positive result to this test does not necessarily mean that halide ions are present but the absence of a precipitate shows that halide ions are not in a sample. However, the differences in the colour of the precipitates give a clue to the particular halide ion present.


Quantitative Analysis
Quantitative analysis, as the name suggests, is related to quantities, e.g. the mass or concentration of particular atoms, ions or molecules in a sample e.g. mol l-1 .

Volumetric Analysis (titrations)

Volumetric analysis involves using a solution of known concentration to determine tha amount of another substance present. The volume of the reactant needed to complete the reaction is determined by titration. 

A titration can be used to find the concentration of an unknown solution. The reaction can be followed using an indicator that changes colour at the end-point. 

Metals





Non-metals





On the Periodic Table draw the stairway which divides the metals from the non-metals. Colour the metals and the key accordingly.
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Source of


oxygen


(KMnO4)





1.





1. The raw materials are ............... .........,  ................. and ................... . They are fed in at the top





5.





5. The molten iron falls to the bottom where it is run off. The limestone removes the impurities in the iron ore forming slag. 








4. The carbon monoxide reduces the iron oxide (ore) to ............... 





iron oxide + carbon monoxide → ............. + carbon dioxide





2.





4.





2. The carbon (coke) burns in a blast of ..............  .............., which enters near the bottom, forming .................  ....................... . 





carbon + oxygen → ...................  .....................








3.  Further up the blast furnace the carbon dioxide reacts with hot carbon (coke) to form .................  .................. 


carbon dioxide + carbon → .................  .......................





3.





REDOX





RED





OX





REDUCTION





OXIDATION





Gel containing ferroxyl indicator











Tin





Tin





Iron





e-





e-





H2O + O2





H2O + O2





Zinc





Zinc





e-





e-





Iron





Poly(styrene) - good insulator of heat light weight and cheap





Poly(ethene) - strong light weight, water proof





Perspex  - very strong transparent





Melamine/Formica - heat resistant





Washing-up bowls, waste bin liners





Window frames, pipes, guttering





Kitchen worktops 





Safety screens, spectacle lenses





Electric plugs and switches





Packaging, drinking cups









































Bakelite (phenol formaldehyde)  does not melt or conduct electricity





Poly(chloroethene) - Does not corrode and resistant to chemicals.





ethene (monomer)





poly(ethene)


(polymer)





Mass of magnesium in the formula unit


                Formula mass





x 100%





 24.5 


84.5








x 100%





x 100%





Mass of carbon in the formula unit


                Formula mass





 12 


84.5








x 100%





x 100%





Mass of oxygen in the formula unit


                Formula mass





 48 


84.5








x 100%
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Moist pH paper





ammonium salt + soda lime





HEAT





 Heating any ammonium compound with alkali (soda lime) produces ............................... gas. 





NH4Cl(s) + NaOH(s)    →    NH3(g) + NaCl(s) + H2O(l)


This test can be used to show that a compound contains ........................ .
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Turin shroud carbon dating in 1980s found it to be a medieval fake 1260-1390
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