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METALS 

A metal is substance that ionises by electron loss.  

Physical Properties of Metals 

1. They are good conductors of heat and electricity due to free or delocalised sea of electrons. 

       

2. Except mercury, metals have high tensile strength (are strong) and solids at room 

temperature. 

3. They show metallic lustre (shiny appearance) due to crystalline flat surface which 

reflects light. 

4. They are malleable, i.e. they can be hammered into different shapes without breaking. 

5.They are ductile, i.e. they can be drawn into wires without breaking.  

6. They have high melting and boiling points and high density.  

7. They are sonorous, i.e. they make ringing noise when stricken together. 

Chemical Properties of Metals 

1. React with oxygen to form metal oxides 

 e.g.   4K + O2                   2K2O 

          4Fr + O2                    2Fr2O 

2. React with acids to form salt and liberate hydrogen 

      e.g. 2Na + 2HCl                   2NaCl +H2 

                    Mg + H2SO4                   MgSO4 + H2 

3. Metals react with water to form metal hydroxides and hydrogen gas 

     e.g. 2Fr +2H2O                      2FrOH + H2 

http://www.google.co.uk/imgres?q=metallic+bonding&hl=en&sa=X&tbo=d&qscrl=1&rlz=1T4MXGB_enZM512ZM513&biw=1680&bih=708&tbm=isch&imgrefurl=http://scienceaid.co.uk/chemistry/fundamental/bonding.html&tbnid=WfXwen_c9q8h_M&docid=Dorpxy9v-kwzbM&ved=0CH8QhRYoAQ&ei=kUTYUJaABMuShge2lID4BQ
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4. Since metals ionise by electron lose, they are reducing agents. 

Alloys 

An alloy is a uniform mixture of metals or metals with non metals (usually carbon).  

The table below shows alloys, elements present, their properties and uses. 

ALLOY ELEMENTS PROPERTY USE 

Brass 70% Cu, 30% 

Zn 

-Harder than Cu 

-Does not corrode 

Making screws, screw drivers 

and musical instrument 

Bronze 95% Cu, 5%Sn -Harder than brass 

-Good appearance 

-Does not corrode 

Making ornaments and bells 

Solder 70%Sn, 30%Pb Low melting point Joining metals and wires 

Stainless Steel 70%Fe, 20% 

chromium, 10% 

nickel 

Does not rust/ corrode Making car bodies and 

kitchen cutlery 

Mild steel Fe and C Hard and strong Car bodies 

Cupronickel 

 

75% Cu, 25% 

nickel 

 

-Hard wearing   

-Attractive silver 

appearance  

Silver coins 

Duralium 96% Al, 4% Cu -Light  

-Stronger than Al 

Aircraft parts 

The diagram of an alloy, brass is shown below 

                                                                                      

Advantages of Alloys over Pure Metals 

1. Improved appearance 

2. Increased strength 

Reactivity of Metals 

Some metals react with oxygen of the air, cold water and hot water, dilute and concentrated 

acids and steam at different rates. It is possible for some metals to displace other metals from 

solutions of their salts in water. For example, Na will displace Zn from ZnSO4 solution: 

Na(s) +ZnSO4(aq) + Na2SO4(aq) + Zn(s) 
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The table below shows the reaction of water with air, cold water, steam and dilute acids. 

METAL AIR (O2) COLD WATER STEAM DILUTE ACIDS 

K 

Na 

Ca 

Burn in air or 

oxygen easily 

 

Decompose cold 

water 

Decompose 

steam at red hot 

React with 

 dilute acids  

but Al is only  

attacked by  

dil.HCl 

Mg  

Al  

Zn 

Fe   

  

    

 Do  not           

decompose        

cold water 

Pb 

Cu 

Hg 

 

Oxidize when 

heated in air 

Do not 

decompose 

 heat at 

 red hot 

Attacked by 

oxidizing acids 

Ag 

Au 

Unaffected by 

oxygen 

Not attacked by 

acids 

Reactivity (Activity) Series of Metals  

This is the arrangement of elements in order of their reactive (active) starting from the most 

reactive metal to the least reactive one. 

 

Hydrogen and carbon are placed on the reactivity series among metals to show the position 

they would occupy among metals. Only those metals above carbon and those above hydrogen 

can displace them.E.g. 
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 Only K, Na, Ca, Mg and Al can displace C.  Zn, Fe, Sn, Pb Cu, Ag, Au and Pt can 

not displace C.  

 Only K, Na, Ca, Mg, Al, Zn, Fe, Sn, Pb can displace H.  Cu, Ag, Au and Pt ca not 

displace H. 

 Equally, metals higher above in the reactivity series can displace all the metals below 

it. E.g. K can displace all the metals below it. The metals lower below the series 

cannot displace the metals above them. E.g. Au ca not the metals above it. 

Examples of displacement equations  

 The first metal on the left is the most reactive, and the last metal on the right, is the 

displaced less reactive metal.  

o magnesium + copper sulphate ==> magnesium sulphate + copper  

 Mg(s) + CuSO4(aq) ==> MgSO4(aq) + Cu(s)  

 The blue of the copper sulphate solution fades as colourless 

magnesium sulphate is formed.  

o zinc + copper sulphate ==> zinc sulphate + copper  

 Zn(s) + CuSO4(aq) ==> ZnSO4(aq) + Cu(s)  

o aluminium + copper(II) sulphate ==> aluminium sulphate + copper  

 2Al(s) + 3CuSO4(aq) ==> Al2(SO4)3(aq) + 3Cu(s)  

Extraction of Metals 

Metals are extracted from ores from the ground. An Ore is usually a compound of a metal, 

mixed with impurities. When an ore has been dug, it must be decomposed in some way to get 

the metal. This is called extracting the metal. The more reactive the metal is the more 

difficult it is to decompose it from an ore and vice versa. 

The method of extraction depends on the reactive of a metal: 

 The more reactive metals like K, Na, Ca, Mg, Al, are extracted by Electrolysis. 

 The less reactive metals like Fe, Ag, Au are extracted by chemical reduction method. 

Extraction of Iron by Chemical Reduction  

Ores of Iron 

i. Haematite (Fe2O3) 

ii. Magnetite or magnetic iron (Fe3O4) 

iii. Spattic iron or iron(II) carbonate (FeCO3)  

iv. Pyrite or iron(II) sulphide (FeS2) 

Extraction  Process. 

The Iron ore is roasted in air to remove impurities and drive off water .It is then mixed with 

COKE and LIMESTONE in the ratio 5:2:1 and then fed into the top of the blast furnace. 

Therefore, to extract iron, three substances are needed and are referred to as raw materials 

(charge). These are: 
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1. IRON ORE: The chief ore of iron is called HAEMATITE. It is mainly iron oxide (Fe2O3) 

mixed with silicon dioxide.     

2. LIMESTONE: This is a common rock. It is mainly calcium carbonate (CaCO3). Its 

function is remove impurities like silica (sand) [it produces calcium oxide that reacts with 

iron (III) oxide to remove impurities]. The main impurity is calcium silicate (sand). 

3. COKE: This is made from coal, it is nearly pure carbon. It acts as fuel and as a reducing 

agent. 

  The Blast Furnace 

                        

Hot air (for the oxygen in it) to burn the coke  

The reaction (changes) that take place in a blast furnace: 

1. The coke reacts with oxygen in the air giving carbon dioxide:  C(s)+O2(g)            CO2(g) 

2. The carbon dioxide reacts with more coke to form carbon monoxide:  

      CO2 (g) + C(s)            CO (g)       Here coke (C) acts as a reducing agent. 

3. The carbon monoxide produce in reaction 2 reduces iron (III) oxide to form iron metal and 

carbon dioxide:  Fe2O3(s) + CO (g)            Fe(s) + CO2 (g) 

4. The limestone decomposes to calcium oxide and carbon dioxide: CaCo3(s)                CaO(s) 

 5. Calcium oxide from reaction 4 reacts with silicon dioxide (sand) to form slag(calcium 

silicate): CaO(s) + SiO2(g)            CaSiO3(l) 

The slag and iron run to the bottom of the furnace, the slag floats on molten iron and the two 

are tapped off from time to time. 

 The slag is used for road surfacing 

 The iron is used to make steel 
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Acidic gases like sulphur dioxide from sulphide ores, can be removed by bubbling through 

an alkali solution such as calcium hydroxide solution ('limewater') where it is neutralised and 

oxidised to harmless calcium sulphate. Cleaning a gas in this way is called 'gas scrubbing'.  

Types of Iron 

Cast or Pig Iron 

This is the iron direct from the blast furnace. It is not very pure. It is hard brittle unless it is 

specially treated. It contains small amounts of C, S, SiO2 Mn and P. Because of being cheap 

and easy to melt, pig iron is used to make a lot of products like cookers, stoves, ornaments, 

railings, manhole covers, etc. The disadvantage of cast iron is that it cannot be welded. 

Wrought Iron  

This is the purest form of iron. It is softer and less brittle than cast iron. Wrought iron can be 

welded and it resists rust. it is used for making ornamental iron work because of being soft.  

Steel 

Steel is an alloy iron containing 0.02% - 1.7% carbon. 

Special Steels 

a) Stainless Steel contains chromium, nickel and iron. It is used for making car bodies 

and kitchen cutlery. 

b) Mild Steel is steel containing a very low percentage of carbon. It is used for making 

car bodies and machinery.  

c) Tungsten Steel or Hard Steel is very hard and strong. It is used for making cutting 

tools like razor blades, saws and drill bits. 

Recycling Iron and Steel  

About 42% of iron/steel in goods/components manufactured in iron/steel is recycled 

iron/steel, whether it be steel pans, car bodies, bridge girders, stainless steel cutlery etc.  

This makes good economics because recycling (1) saves on several costs and allows a 

mineral resource like iron's haematite or magnetite ore resources to (2) last a lot longer - 

slower depletion of the Earth's mineral ore resources will make it last longer: 

 Transport costs may be less (ie within UK now), but much more importantly  

 mining costs are omitted - energy/machinery involved in digging out the ore, 

crushing it, transporting the ore,  

 and the cost of actually extracting the metal from its finite ore resource - 

chemicals needed (coke, limestone), constructing and running a blast furnace 

o So, scrap metal merchants are doing a roaring trade at the moment.  

o The savings are partly reduced by the cost off collecting waste/scrap 

metal.  
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Extraction of Aluminium 

The current method for extracting aluminium is expensive because it involves several stages 

and uses large amounts of costly electrical energy. It is much more expensive than using 

carbon reduction to make iron in a blast furnace. 

The process of electrolysis uses of large amounts of energy in the extraction of a reactive 

metals and makes aluminium expensive to produce. 

Aluminium is a very useful metal but expensive to produce. 

Because its position in the reactivity series of metals, aluminium cannot be extracted using 

carbon because it is above carbon in the reactivity series ie more reactive than carbon in the 

series, carbon is not reactive enough to displace aluminium from its compounds such as 

aluminium oxide.  

So, if aluminium is too reactive to be obtained by carbon reduction of its oxide another 

method must be employed which is called electrolysis.  

 

Aluminium is obtained from mining the mineral bauxite which is mainly aluminium oxide 

(Al2O3) and bauxite must be purified prior to electrolysis, adding to the manufacturing costs.  

The purified bauxite ore of aluminium oxide is continuously fed in. Cryolite is added to 

lower the melting point and dissolve the ore. 

Raw materials for the electrolysis process: 

 Bauxite ore of impure aluminium oxide [Al2O3 made up of Al3+ and O2- ions]  

 Carbon (graphite) for the electrodes.  

 Cryolite reduces the melting point of the ore and saves energy, because the ions 

must be free to move to carry the current and less energy is needed to melt the 

aluminium oxide obtained from the bauxite ore.  

Electrolysis means using direct current (d.c.) electrical energy to bring about chemical 

changes e.g. decomposition of a compound to form metal deposits or release gases. The 

electrical energy splits the compound!  

http://www.docbrown.info/page04/Mextracta.htm
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At the electrolyte connections called the anode electrode (+, attracts - ions) and the cathode 

electrode (-, attracts + ions). An electrolyte is a conducting melt or solution of freely 

moving ions which carry the charge of the electric current. 

The ore-compound containing the aluminium must be molten so the ions are free to move to 

the electrodes. The conducting melt is called the electrolyte, so extracting aluminium this 

way involves the electrolysis of molten aluminium oxide.  

Ions must be free to move to the electrodes called the cathode (-, negative), attracting 

positive ions e.g. Al3+, and the anode (+, positive) which attracts negative ions e.g. O2-.  

When the d.c. current is passed through aluminium forms at the negative cathode (metal*) 

and sinks to the bottom of the tank where it can tapped off, collected and run into moulds to 

cool down before transportation to it will be used to make things.  

At the positive anode, oxygen gas is formed (non-metal). This is quite a problem. At the 

high temperature of the electrolysis cell it burns and oxidises away the carbon electrodes to 

form toxic carbon monoxide or carbon dioxide. So the carbon-graphite electrode is 

regularly replaced and the waste gases dealt with!  

It is a costly process (6x more than Fe!) due to the large quantities of expensive electrical 

energy needed for the process.  

Two general rules in electrolysis:  

i. Metals and hydrogen (from positive ions), form at the negative cathode electrode.  

ii. Non-metals (from negative ions), form at the positive anode electrode. 

Electrode Equations: redox details of the electrode processes  

 Electrolysis reminders - the negative electrode (-) is called the cathode and attracts 

positive ions or cations e.g. Al3+, and the positive electrode (+) is called the anode and 

attracts negative ions or anions e.g. O2-.  

 The negative cathode electrode attracts positive ions, the aluminium ion.  

 At the negative (-) cathode, reduction occurs (electron gain) when the positive 

aluminium ions are attracted to it. They gain three electrons to change to neutral Al 

atoms.  

o Al3+ + 3e- ==> Al  

 The positive anode attracts negative ions, the oxide ion.  

 At the positive (+) anode, oxidation takes place (electron loss) when the negative 

oxide ions are attracted to it. They lose two electrons forming neutral oxygen 

molecules.  

o 2O2- ==> O2 + 4e-  

o or  

o 2O2- - 4e- ==> O2  

 Note: Reduction and Oxidation always go together!  

 The overall electrolytic decomposition is ...  

o aluminium oxide ==> aluminium + oxygen  
o 2Al2O3 ==> 4Al + 3O2  

o and is a very endothermic process, lots of electrical energy input!  
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Note that the aluminium oxide loses its oxygen, therefore in this electrolytic process the 

compound aluminium oxide is reduced to the metal aluminium. 

Uses of Aluminium 

 Aluminium is very useful metal and used as a lightweight construction material: 

 greenhouse frames 

 T.V aerials 

 lighter aeroplane and space rockets parts 

 lighter vehicle parts 

 overhead electrical cables  

 Kitchen vessels due to high resistance to corrosion 

 Aluminium is also used to make paint because of its silver appearance 

It can be made more resistant to corrosion by a process called anodising.  

Aluminium is a reactive metal but it is resistant to corrosion. This is because aluminium 

reacts in air to form a layer of aluminium oxide which then protects the aluminium from 

further attack.  This is why it appears to be less reactive than its position in the reactivity 

series of metals would predict.  

For some uses of aluminium it is desirable to increase artificially the thickness of the 

protective oxide layer in a process is called anodising.  

o This involves removing the oxide layer by treating the aluminium sheet with 

sodium hydroxide solution.  

o The aluminium is then placed in dilute sulphuric acid and is made the positive 

electrode (anode) used in the electrolysis of the acid.  

o Oxygen forms on the surface of the aluminium and reacts with the aluminium 

metal to form a thicker protective oxide layer.  

 

Extraction of Copper 

The extraction of copper from copper ores and its purification is by electrolysis 

Copper can be extracted from copper-rich ores by heating the ores in a furnace (smelting) 

and the copper can be purified by electrolysis. However, the supply of copper-rich (high 

grade) ores is limited.  

Copper is extracted from its ores by chemical processes that involve heat or electricity 

(roasting ores in a smelter-furnace and purification by electrolysis - all the details below).  

Because its position in the reactivity series of metals, copper can be extracted using carbon 

in a smelting furnace. Copper is below carbon (less reactive) and so can be displaced by 

carbon from its compounds eg copper oxides or sulfides. However, in practice, modern 

copper smelters can actually manage the extraction without using carbon (coke) and then 

electrolysis is usually used to purify the impure copper from the smelter.  
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Extractiion of Copper from copper sulphide ores  

These include:  

1. chalcocite/chalcosine = copper(I) sulphide Cu2S and covellite = copper(II) sulphide 

CuS  
2.  chalcopyrite CuFeS2. which is one of the most important ores for the extraction of 

copper.  

This can be roasted in air to produce copper(I) sulfide which is roasted again in a controlled 

amount of air so as not to form a copper oxide (see below).  

 2CuFeS2 + 4O2 ==> Cu2S + 3SO2 + 2FeO  

Copper sulphide ores can be rapidly roasted in heated air enriched with oxygen to form 

impure copper and this extraction process is called 'flash smelting'.  

Nasty sulphur dioxide gas is formed, this must be collected to avoid pollution and can be 

used to make sulphuric acid to help the economy of the process.  

copper(I) sulphide + oxygen ==> copper + sulphur dioxide  

 Cu2S + O2 ==> 2Cu + SO2  

 Cu2S(s) + O2(g) ==> 2Cu(s) + SO2(g)  

The loss of sulfur from the copper sulfide is still a reduction change. At the same time the 

sulfur gets oxidised to sulfur dioxide - oxygen gain. or:  

copper(II) sulphide + oxygen ==> copper + sulphur dioxide  

 CuS + O2 ==> Cu + SO2  

 CuS(s) + O2(g) ==> Cu(s) + SO2(g)  

The copper obtained from the smelting processes described above is too impure to use, so it 

is purified by electrolysis. 

The Purification of Copper from Chalcopyrite (CuFeS2) by Electrolysis 

                  containing Ag and Au 

http://www.docbrown.info/page04/Mextractc.htm#Purification
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The impure copper from a smelter is cast into a block to form the positive anode. The 

cathode is made of previously purified copper. These are dipped into an electrolyte of 

copper(II) sulphate solution.  

 When the d.c electrical current is passed through the solution electrolysis takes 

place. The copper anode dissolves forming blue copper(II) ions Cu2+.  

 These positive ions are attracted to the negative cathode and become copper atoms. 

The mass of copper dissolving at the anode exactly equals the mass of copper 

deposited on the cathode. The concentration of the copper(II) sulphate remains 

constant.  

 Any impurities present in the impure copper anode fall to the bottom of the 

electrolysis cell tank. This 'anode sludge' is not completely mineral waste, it can 

contain valuable metals such as silver. If these valuable metals can be recovered, their 

sale would help the economics of the process.  

Raw materials for the electrolysis process: 

 Impure copper from a copper smelter.  

 Electrolyte of aqueous copper(II) sulphate.  

 A pure copper cathode 

The redox details of the electrode processes:  

 Electrolysis reminders - the negative electrode (-) is called the cathode and attracts 

positive ions or cations e.g. Cu2+, and the positive electrode (+) is called the anode 

and attracts negative ions or anions. However in this case, the copper anode actually 

dissolves.  

 At the positive (+) anode, the process is an oxidation, electron loss, as the copper 

atoms dissolve to form copper(II) ions.  

copper atoms ==> copper ions + electrons 

Cu ==> Cu2+ + 2e- 

Cu(s) ==> Cu2+(aq) + 2e- 

 The negative (-) cathode attracts the positive copper ions, this electrode process is a 

reduction, electron gain by the attracted copper(II) ions to form neutral copper atoms.  

copper ions + electrons ==> copper atoms  

Cu2+ + 2e- ==> Cu  

Cu2+(aq) + 2e- ==> Cu(s) 

Uses of Copper 

i. Copper has properties that make it useful for electrical wiring and plumbing: It 

is a good conductor of electricity and heat, can be bent but is hard enough to be 

used to make pipes or tanks and does not react with water.  
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ii. Making an alloy: Brass. The alloy BRASS is a mixture copper and zinc. It is a 

much more hard wearing metal than copper (too soft) and zinc (too brittle) but is 

more malleable than bronze for 'stamping' or 'cutting' it into shape. 

iii. Copper is used in electrical wiring because it is a good conductor of electricity 

but for safety it is insulated by using poorly electrical conductors like PVC plastic.  

iv. Copper is used in domestic hot water pipes because it is relatively unreactive to 

water and therefore doesn't corrode easily.  

v. Copper is used for cooking pans because it is relatively unreactive to water and 

therefore doesn't corrode easily, readily beaten or pressed into shape but strong 

enough, it is high melting and a good conductor of heat.  

vi. Copper is also used as a roof covering and weathers to a green colour as a 

surface coating of a basic carbonate is formed on corrosion.  

vii. The alloy BRONZE is a mixture of copper and tin (Sn) and is stronger than 

copper and just as corrosion resistant, e.g. used for sculptures.  

viii. Copper compounds are used in fungicides and pesticides e.g. a traditional 

recipe is copper sulphate solution plus lime is used to kill greenfly.  

ix. Copper is alloyed with nickel to give 'cupro-nickel', an attractive hard wearing 

'silvery' metal for coins.  

x. Many copper objects/material can be recovered from their previous use and 

recycled via scrap metal merchants. 

Extraction of Zinc 

Zinc occurs in many parts of the world as: 

a) Zinc blende (ZnS) and  

b) Calamine (ZnCO3) 

The Extraction of Zinc from Zinc Blende 

  ZnO + coke                                      Fire clay condenser  

 Fire clay retort                                                                           Iron prolong 

                           Heat furnace                   Furnace wall 

 Zinc blende(ZnS) is roasted in the air to produce zinc oxide and sulphur dioxide: 

2ZnS(s) + 3O2(g)                 2ZnO(s) + 2SO2(g) 

 The zinc oxide is now mixed with coke and placed in a fire clay retort, to the end of it 

there is a fire clay condenser. 

 On the end of this condenser is placed an iron ‘prolong’ that collects any zinc that 

escapes the condenser.  

 The mixture is heated by means of gas for about twenty four hours.  

 The zinc oxide is reduced to metallic zinc, the carbon becoming carbon monoxide, 

which burns at the mouth of the condenser: 

ZnO(s) +C(s)                Zn(s) + CO(g) 

 The zinc distils out of the retort and the bulk of it condenses to molten zinc in the 

condenser and is removed from time to time.  

 Due to the presence of air in the retort, some of zinc burns to zinc oxide and 

condenses as ‘zinc dust’(mixture of zinc and zinc oxide). The impure zinc obtained 
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this way is purified by electrolysis. It is usually frequently granulated by running the 

molten metal into water. 

Uses of Zinc 

1. Galvanizing: This is the coating of a metal with another metal. Since zinc does not 

corrode, it is used to coat iron to stop iron from rusting. Note that galvanized iron is 

used to make buckets, dust bins, water tanks, bath tabs, wire fences, barbed wires, 

roofs and huts. 

2. Zinc is also used in alloys, e.g brass.  

3. Used for making batteries. 

Corrosion and Rusting of Metals 

When a metal is attacked by air, water or any other material, it is said to have been corroded. 

Rusting is an oxidation because it involves iron gaining oxygen (Fe ==> Fe2O3) or atoms 

of iron losing electrons (Fe - 3e- ==> Fe3+).  

The rusting of iron is a major problem in its use as a structural material.  

o Preventing rusting adds cost to manufacturing things.  

o Corroded components or structures weakened, adding further costs in rust 

treatment or replacement.  

 Iron and steel (alloy of iron) are most easily protected by paint which provides a 

barrier between the metal and air/water.  

 Moving parts on machines can be protected by a water repellent oil or grease layer.  

 An experiment to investigate sacrificial corrosion 

Conditions necessary for rusting of iron and steel are dump or moist environment (or water) 

and oxygen. 

This 'rusting' corrosion can be prevented by connecting iron to a more reactive metal (e.g. 

zinc or magnesium). This is referred to as sacrificial protection or sacrificial corrosion, 

because the more reactive protecting metal is preferentially oxidised away, leaving the 

protected metal intact. 

The picture above illustrates what might be seen after a few days.* Iron or steel can also be 

protected by mixing in other metals (e.g. chromium) to make non-rusting alloys called 

stainless steel. The chromium, like aluminium, forms a protective oxide layer.  
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 Theoretically, any iron ions formed by oxidation would be reduced by electrons from the 

oxidation of the more reactive 'sacrificed' metal.  

Coating iron or steel with a thin zinc layer is called 'galvanising'. The layer is produced by 

electrolytic deposition by making the iron/steel the negative cathode or by dipping the 

iron/steel object in molten zinc. The zinc preferentially corrodes or oxidises to form a zinc 

oxide layer that doesn't flake off like iron oxide rust does. Also, if the surface is scratched, 

the exposed zinc again corrodes before the iron and continues to protect it.  

Aluminium does not oxidise (corrode) as quickly as its reactivity would suggest. Once a thin 

oxide layer of Al2O3 has formed on the surface, it forms a barrier to oxygen and water and 

so prevents further corrosion of the aluminium.  

Aluminium is a useful structural metal. It can be made harder, stronger and stiffer by mixing 

it with small amounts of other metals (e.g. magnesium) to make alloys.  

This property makes it a useful metal for out-door purposes e.g. aluminium window frames, 

greenhouse frames. 

Copper and Lead are both used in roofing situations because neither is very reactive and the 

compounds formed do not flake away as easily as rust does from iron. Lead corrodes to a 

white lead oxide or carbonate and copper corrodes to form a basic green carbonate 

(combination of the hydroxide Cu(OH)2 and carbonate CuCO3 e.g. seen as green roof on 

buildings).  

Both metals have been used for piping but these days lead is considered too toxic and 

copper is usually used as the stronger, but equally unreactive alloy with zinc, brass. Now of 

course, most piping is flowing in the plastic direction which doesn't corrode at all! 

Jewellery Metals  

o Silver's very low reactivity makes it a valuable jewellery metal as it doesn't 

corrode easily and retains its attractive silvery appearance.  

Gold has an extremely low reactivity makes it a valuable jewellery 

NON – METALS 

Hydrogen 

Hydrogen is the lightest of all elements. It occurs in many components such as water and 

many organic compounds.  

 Most metals react with acids to liberate hydrogen 

 Most metals react with water to liberate hydrogen 
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Preparation of Hydrogen 

(a) Laboratory Preparation 

In the laboratory, hydrogen is prepared by: 

i. Reaction of a reactive metal with an acid 

ii. Reaction of a reactive metal with water 

The diagram below shows the preparation of hydrogen from acid and zinc metal 

                             

 

b) Industrial Preparation of Hydrogen 

At industrial level hydrogen is prepared by reacting methane (CH4) and steam (H2O). The 

mixture is passed over catalysts. The equation of the reaction is: 

CH4(g) + 2H2O(g)              CO2(g) + 4H2(g)   

The carbon dioxide is removed by dissolving it in water under very high pressure since it is 

not very soluble. Hydrogen is left behind.    

Properties of Hydrogen 

a) It is the lightest of all gases. It is about 20 times lighter than air 

b) It is colourless and odourless 

c) It is almost insoluble in water 

d) It combines with oxygen to form water 

e) It acts as a reducing agent by removing oxygen. 

Uses of Hydrogen 

1. Hydrogenation of oils: The combination of oils with hydrogen leads to the formation 

of solid fats. This process of which is also known as hardening of oils leads to the 

formation of margarine.  

2. Hydrogen is used in the manufacture of ammonia by the Haber process. 

3. As a fuel. Since hydrogen forms water when it burns in oxygen, rather than harmful 

gas, this would cut down pollution.   
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Test for Hydrogen Gas 

Put a burning splint into the mouth of the test-tube containing hydrogen, hydrogen puts off 

the flame of the burning splint (lighted splint) and makes a ‘pop sound’. 

WATER 

Water Pollution 

Water pollution is the contamination of water bodies (e.g lakes, rivers, oceans, aquifers and 

ground water). Water pollution occurs when pollutants are discharged directly or indirectly 

into water bodies without adequate treatment to remove harmful compounds. 

Water pollution affects plants and organisms living in these bodies of water. In almost all 

cases the effect is damaging not only to individual spacies and populations, but also to the 

natural biological communities. 

  

Sources of Water Pollution and their Adverse Effects  

Ground water can be contaminated through various sources and some of these are mentioned 

below.  

Pesticides. Run-off from farms, backyards, and golf courses contain pesticides such as DDT 

that in turn contaminate the water. Leechate from landfill sites is another major 

contaminating source. Its effects on the ecosystems and health are endocrine and reproductive 

damage in wildlife. Groundwater is susceptible to contamination, as pesticides are mobile in 

the soil. It is a matter of concern as these chemicals are persistent in the soil and water.  

Sewage. Untreated or inadequately treated municipal sewage is a major source of 

groundwater and surface water pollution in the developing countries. The organic material 

that is discharged with municipal waste into the watercourses uses substantial oxygen for 

biological degradation thereby upsetting the ecological balance of rivers and lakes. Sewage 

also carries microbial pathogens that are the cause of the spread of disease. 

Nutrients. Domestic waste water, agricultural run-off, and industrial effluents contain 

phosphorus and nitrogen, fertilizer run-off, manure from livestock operations, which increase 

the level of nutrients in water bodies and can cause eutrophication in the lakes and rivers and 

continue on to the coastal areas. The nitrates come mainly from the fertilizer that is added to 

the fields. Excessive use of fertilizers cause nitrate contamination of groundwater, with the 

result that nitrate levels in drinking water is far above the safety levels recommended. Good 

agricultural practices can help in reducing the amount of nitrates in the soil and thereby lower 

its content in the water.  

Synthetic organics. Many of the 100 000 synthetic compounds in use today are found in the 

aquatic environment and accumulate in the food chain. POPs or Persistent organic pollutants, 

represent the most harmful element for the ecosystem and for human health, for example, 

industrial chemicals and agricultural pesticides. These chemicals can accumulate in fish and 

cause serious damage to human health. Where pesticides are used on a large-scale, 



17 
 

CHH 2013 

groundwater gets contaminated and this leads to the chemical contamination of drinking 

water.  

Acidification. Acidification of surface water, mainly lakes and reservoirs, is one of the major 

environmental impacts of transport over long distance of air pollutants such as sulphur 

dioxide from power plants, other heavy industry such as steel plants, and motor vehicles. This 

problem is more severe in the US and in parts of Europe.  

Chemicals in Drinking Water 

Chemicals in water can be both naturally occurring or introduced by human interference and 

can have serious health effects.  

Fluoride. Fluoride in the water is essential for protection against dental caries and weakening 

of the bones, but higher levels can have an adverse effect on health. In India, high fluoride 

content is found naturally in the waters in Rajasthan. 

Arsenic. Arsenic occurs naturally or is possibly aggravated by over powering aquifers and by 

phosphorus from fertilizers. High concentrations of arsenic in water can have an adverse 

effect on health. A few years back, high concentrations of this element was found in drinking 

water in six districts in West Bengal. A majority of people in the area was found suffering 

from arsenic skin lesions. It was felt that arsenic contamination in the groundwater was due to 

natural causes. The government is trying to provide an alternative drinking water source and 

a method through which the arsenic content from water can be removed.  

Lead. Pipes, fittings, solder, and the service connections of some household plumbing 

systems contain lead that contaminates the drinking water source.  

Pesticides. The organophosphates and the carbonates present in pesticides affect and damage 

the nervous system and can cause cancer. Some of the pesticides contain carcinogens that 

exceed recommended levels. They contain chlorides that cause reproductive and endocrinal 

damage.  

Lead. Lead is hazardous to health as it accumulates in the body and affects the central 

nervous system. Children and pregnant women are most at risk.  

Fluoride. Excess fluorides can cause yellowing of the teeth and damage to the spinal cord 

and other crippling diseases. 

Nitrates. Drinking water that gets contaminated with nitrates can prove fatal especially to 

infants that drink formula milk as it restricts the amount of oxygen that reaches the brain 

causing the ‘blue baby’ syndrome. It is also linked to digestive tract cancers. It causes algae 

to bloom resulting in eutrophication in surface water.  

Petrochemicals. Benzene and other petrochemicals can cause cancer even at low exposure 

levels. 

Chlorinated solvents. These are linked to reproduction disorders and to some cancers. 



18 
 

CHH 2013 

Arsenic. Arsenic poisoning through water can cause liver and nervous system damage, 

vascular diseases and also skin cancer. 

Other heavy metals. –Heavy metals cause damage to the nervous system and the kidney, and 

other metabolic disruptions. 

Salts. It makes the fresh water unusable for drinking and irrigation purposes.  

Exposure to polluted water can cause diarrhoea, skin irritation, respiratory problems, and 

other diseases, depending on the pollutant that is in the water body. Stagnant water and other 

untreated water provide a habitat for the mosquito and a host of other parasites and insects 

that cause a large number of diseases especially in the tropical regions. Among these, malaria 

is undoubtedly the most widely distributed and causes most damage to human health.  

Recreational use of water. Untreated sewage, industrial effluents, and agricultural waste are 

often discharged into the water bodies such as the lakes, coastal areas and rivers endangering 

their use for recreational purposes such as swimming and canoeing.  

Petrochemicals. Petrochemicals contaminate the groundwater from underground petroleum 

storage tanks.  

Other heavy metals. These contaminants come from mining waste and tailings, landfills, or 

hazardous waste dumps.  

Chlorinated solvents. Metal and plastic effluents, fabric cleaning, electronic and aircraft 

manufacturing are often discharged and contaminate groundwater.  

Effects of water pollution 
1. makes water unfit for drinking 

2. kills the aquatic plants & animals 

3.in humans causes diseases like cholera, typhoid, jaundice, amoebiosis,worm infestation' 

4.people who eat fish contaminated by mercury will be affected by 'minimata'a disease which 

affects the nervous system especially th brain 

5.heavy metals like cadmium, arsenic can lead to kidney and liver damage. 

 

Control of Water Pollution 
1.separate waste materials' recycle domestic waste water 

2.treating industrial wastes & recycling the toxic materials. 

3. building latrines & bathrooms near water sources. 

4. cleaning the polluted rivers & other water resources with the help of govts., industries & 

the local community. 

5. educating the pilgrims & common people regarding keeping the water sources clean; use 

sign boards & slogans. 

6.fish & tortoises which act as natural scavengers must be kept in water.  

7. grow trees & other plants on the banks of rivers ,lakes , they not only beautify the 

surroundings but also absorb the pollutants in the atmosphere. 
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Purification of Water 

Water purification is the process of removing contaminants and other harmful 

microorganisms from a raw water source. The goal is to produce water for a specific purpose 

with a treatment profile designed to limit the inclusion of specific materials; most water is 

purified for human consumption (drinking water). Water purification may also be designed 

for a variety of other purposes, including to meet the requirements of medical, pharmacology, 

chemical and industrial applications. 

(a) For small Household (home) or at domestic Level 

      Stages 

i. Filter the water  to remove suspended particles 

ii. Boil the water to kill germs 

(b) For Township or Urban Population at the Water Works 

 

Stages 

(i) Screen 

The screen is used to remove large floating objects such as dead leaves, grass etc from the 

water. 

Filtration stages 

(ii) Course Sand Filter 

Removes large suspended particles from the water. 

(iii) Sedimentation Tank 

In this tank, chemicals such as alums (aluminium sulphate) are added to the water. These 

chemicals help to make the small particles that were not removed in the course sand filter 

stick together to form large particles that settle to the bottom of the sedimentation tank. These 

particles are removed from time to time. 

http://schools-wikipedia.org/wp/d/Drinking_water.htm
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(iv) Fine Sand Filter 

This finishes the filtration process by removing any suspended matter still in the water.  

(v) Chlorination  

Chlorine is added to sterilise the water, that is, to kill germs in water. 

The water is now ready for human consumption and is pumped into the covered overhead 

tank and distributed to consumers. 

Note that such water is not really pure because dissolved substances such as magnesium 

and calcium salts which cause hardness of water are NOT removed at the water works. 

Therefore, even though tap water is clean for use, it is not chemically pure water. Pure 

water can be obtained by distillation. 

Tests for Pure Water 

1. Using anhydrous copper (II) sulphate 

Drop water to anhydrous (dry) copper (II) sulphate. Anhydrous copper (II) sulphate changes 

to blue hydrated copper (II) sulphate, CuSO4.5H2O. 

2. Using cobalt (II) Chloride Solution 

Dip a filter paper in cobalt chloride solution, which is pink in colour. The filter paper is 

allowed to dry, it is blue when it is dry. Drop water on the paper. The paper changes to pink 

hydrate, CoCl.6H2O.  

3. Using boiling point: It is 100oC. 

4. Using melting point: It is 0oC. 

5. Using density: It is 1g/cm3 at 4oC. 

Uses of Water 

Domestic Uses 

Cooking, drinking, washing, bathing, cleaning, making bricks, building houses, watering 

plants, etc. 

Industrial or Chemical Uses 

In the manufacture of cement, soft drinks, beer, in the production of electricity, printing of 

news papers, in irrigation, etc. 
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AIR 

Air is a mixture of gases. Dry air is a mixture of predominantly two gases oxygen and 

nitrogen. It also contains small amounts of carbon dioxide, argon and other noble gases. In 

addition to these gases, air contains variable amounts of water vapour. 

The Composition of Clean Air 

Gas % Composition by Volume 

Nitrogen 78 

Oxygen 21 

Rare gases/noble gases 0.93 

Carbon dioxide 0.03 

Water vapour Varies 

Oxygen 

Oxygen is a colourless, odourless gas under ordinary conditions, and is found as a diatomic 

molecule in its natural or elemental state (O2). Our atmosphere contains approximately 21% 

O2. It is slightly soluble in water (important for aquatic animals to get oxygen), but due to 

limited solubility we can collect oxygen gas under water as is done in this experiment.  

Oxygen combines with many other elements to form oxides. An oxide is defined as a 

compound containing oxygen combined with one other element. If an element is burned in 

the presence of oxygen an oxide typically results. For example magnesium will burn in the 

presence of oxygen to form magnesium oxide. Chemists represent this reaction as follows. 

Note that in the formula equation the coefficients are added to balance the equation. 

Chemical formula equations must show adherence to the law of conservation of mass.  

Word equation: magnesium reacts with oxygen to form magnesium oxide  

Formula equation: 2Mg + O2                        2MgO  
 

Laboratory Preparation of Oxygen 

Laboratory Preparation of Oxygen 

(a) Using potassium chlorate and manganese dioxide 

 
Potassium chlorate is added to a test-tube with a small amount of manganese dioxide acting 

as a catalyst. Glass tubing is used to direct the oxygen to an inverted jar sitting in a tub of 
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water. The jar (which was filled with water) will trap the oxygen that bubbles into the jar. 

Heat from a Bunsen burner is used to start the reaction.  

(b) Using Hydrogen Peroxide and Manganese Dioxide 

               

Equation:  Hydrogen peroxide  Water + Oxygen  

  2H2O2      2H2O + O2  

Description:The apparatus is set up as shown above. Volume hydrogen peroxide is added 

slowly to the flask. Oxygen is collected by downward displacement of water. 

PROPERTIES:  Colourless, odourless gas. Slightly soluble in water (hence fish can 

breathe in it). Many substances, both elements and compounds, burn in oxygen (and in air 

which is one fifth oxygen). 

Test for Oxygen: Oxygen relights a glowing splint. 

Uses of Oxygen 

1. Breathing: Living organisms including man need oxygen for respiration. Astronauts 

and deep sea Divers carry cylinders of oxygen for breathing. In hospitals it is piped to 

patients with breathing problems. 

2. Making steel: In steel works, oxygen is blown through molten steel to purify it.  

3. Cutting and welding Metals: When oxygen is mixed with another gas called 

acetylene or ethyne, the mixture of the two gases make a gas called oxy-acetylene. 

This gas burns strongly. The flame gets so hot that it is able to cut through metals by 

melting them. The flame can also be used to join or weld metals to each other. 

4. As a fuel: Since it supports combustion, oxygen is used to burn things to release 

energy. 
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 Air Pollution 

Air pollution is the accumulation of hazardous substances into the atmosphere that danger 

human life and other living matter. 

Sources of air pollution 

Some of the main contributors to air pollution are: 

 Automobile emissions 

 Tobacco smoke 

 Combustion of coal 

 Acid rain 

 Noise pollution from cars and construction 

 Power plants 

 Manufacturing buildings 

 Large ships 

 Paint fumes 

 Aerosol sprays 

 Wildfires 

 Nuclear weapons 

How to Prevent Air Pollution 

The following table summarizes the sources, effects and prevention and control methods for 

ten of the most important air pollutants. 

Pollutant Sources Effects Prevention 

and 

Control 

Ozone (O3) Formed when 

reactive 

organic gases (ROG) 

and nitrogen oxides 

react in the presence 

of sunlight. ROG 

sources 

include any source 

that 

burns fuels, (e.g., 

gasoline, 

natural gas, wood, 

oil) 

solvents, petroleum 

processing and 

Breathing 

Difficulties, 

Lung Tissue 

Damage, 

Damage to Rubber 

and Some Plastics  

Reduce motor 

vehicle 

reactive organic gas 

(ROG) and nitrogen 

oxide emissions 

through 

emissions standards, 

reformulated fuels, 

inspections programs 

and reduced vehicle 

use. 

Limit ROG 

emissions from 

commercial 

operations 
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storage 

and pesticides.  

and consumer 

products. 

Limit ROG and NOx 

emissions from 

industrial 

sources such as 

power 

plants and refineries. 

Conserve energy.  

Respirable 

Particulate 

Matter (PM10) 

Road Dust, 

Windblown 

Dust (Agriculture) 

and 

Construction 

(Fireplaces) 

Also formed from 

other 

pollutants (acid rain, 

NOx, 

SOx, organics). 

Incomplete 

combustion of any 

fuel.  

Increased 

Respiratory 

Disease, Lung 

Damage, 

Cancer, Premature 

Death, Reduced 

Visibility, 

Surface Soiling  

Control Dust 

Sources, 

Industrial Particulate 

Emissions, Wood 

Burning 

Stoves and Fireplaces 

Reduce secondary 

pollutants which 

react 

to form PM10. 

Conserve energy.  

Fine Particulate 

Matter (PM2.5) 

Fuel Combustion in 

Motor 

Vehicles, Equipment 

and Industrial 

Sources, 

Residential and 

Agricultural 

Burning. Also 

formed from 

reaction of other 

pollutants 

(acid rain, NOx, SOx, 

organics).  

Increases Respiratory 

Disease, Lung 

Damage, 

Cancer, Premature 

Death, 

Reduced Visibility, 

Surface Soiling  

Reduces Combustion 

Emissions from 

Motor 

Vehicles, Equipment, 

Industries and 

Agriculture 

and Residential 

Burning. 

Precursor controls, 

like 

those for ozone, 

reduce 

fine particle 

formation 

in the atmosphere.  

Carbon Monoxide Any source that Chest Pain in Heart Control motor 
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(CO) burns 

fuel such as 

automobiles, 

trucks, heavy 

construction 

equipment, farming 

equipment and 

residential heating.  

Patients, Headaches, 

Reduced Mental 

Alertness  

vehicle 

and industrial 

emissions. 

Use oxygenated 

gasoline 

during winter 

months. 

Conserve energy.  

Nitrogen Dioxide 

(NO2) 

See Carbon 

Monoxide  

Lung Irritation and 

Damage. 

Reacts in the 

atmosphere 

to form ozone and 

acid rain  

Controls motor 

vehicle and industrial 

combustion 

emissions. 

Conserve energy.  

Lead Metal Smelters, 

Resource 

Recovery, Leaded 

Gasoline, 

Deterioration of Lead 

Paint  

Learning Disabilities, 

Brain and Kidney 

Damage  

Control metal 

smelters, 

no lead in gasoline. 

Replace leaded paint 

with non-lead 

substitutes.  

Sulphur Dioxide 

(SO2) 

Coal or Oil Burning 

Power Plants and 

Industries, 

Refineries, 

Diesel Engines  

Increases lung 

disease 

and breathing 

problems 

for asthmatics. 

Reacts 

in the atmosphere to 

form acid rain.  

Reduces the use of 

high 

sulphur fuels (e.g., 

use 

low sulphur 

reformulated 

diesel or natural gas). 

Conserve energy.  

Visibility Reducing 

Particles 

See PM2.5  Reduces visibility 

( e.g., obscures 

mountains and other 

scenery), reduced 

airport 

safety, lower real 

estate 

value, discourages 

tourism.  

See PM2.5  
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Sulphates Produced by the 

reaction in the air of 

SO2 (see SO2 

sources), 

a component of acid 

rain.  

Breathing 

Difficulties, 

Aggravates Asthma, 

Reduced Visibility  

 See SO2  

Hydrogen Sulphide Geothermal Power 

Plants, 

Petroleum 

Production 

and Refining, Sewer 

Gas  

Nuisance Odor 

(Rotten Egg Smell), 

Headache and 

Breathing 

Difficulties (Higher 

Concentrations)  

Control emissions 

from 

geothermal power 

plants, 

petroleum production 

and 

refining, sewers, 

sewage 

treatment plants.  

 

Nitrogen 

Occurrence of Nitrogen 

1. Nitrogen exists in the free and in the combined form in the atmosphere of the earth.  

2. In the free state it occurs as N2 and occupies about 80% by volume of air.  

3. In the combined form, it is present as ammonia and all ammonium compounds, in 

nitric acid and in all nitrates, nitrites and in all living things in the form of proteins. 

4. Large quantities of nitrogen are obtained for industrial purposes by: 

i. Fractional distillation of liquid air 

ii. Burning hydrogen in air 

Properties of Nitrogen 

1. It is a colourless gas with no smell 

2. It is only slightly soluble with water 

3. It is unreactive compared to oxygen but it reacts with some substances: 

It combines with oxygen at high monoxide (No), and nitrogen dioxide(No2). This happens in 

engines. It also happens during flashes of lighting, when the car gets heated up. oxides of 

nitrogen are usually harmful and cause air pollution but are helpful in producing nitrates 

needed by plants. 

Importance of nitrogen 

It is used in living things to build up proteins through the nitrogen cycle in nature. 
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Other uses of nitrogen 

1. Most of the nitrogen produced industrially is used in making ammonia. 

2. Freezing things: Liquid nitrogen is very cold (below -1960c). This makes it useful for 

quick – free – zing food, and for keeping it frozen during transportation. 

3. Inert atmosphere- Nitrogen gas is un reactive, it is pumped into oil storage tanks to 

prevent fires. It is also used in food pachanging instead of air , to keep the food fresh. 

 

AMMONIA 

Ammonia is a gas with the chemical formula NH3.
 

Laboratory preparation of ammonia 

1. By displacement from ammonium 

Concentrated aqueous ammonia is readly available commercially. To obtain the gas, add 

solution hydroxide to a filter flask fitted with a rubber stopper and tap funnel. Drop 

concentrated acqueous ammonia into the flask. The solid alkali displaces ammonia by 

shifting the following equilibrium to the right: 

NH+
4(aq) + OH-

(aq)                         NH3(g) + H2O(l) 

2. Chemical method or displacement of ammonia from its salts 

Ammonia is formed when any ammonium compound reacts with any alkali. The alkali drives 

out or displaces ammonia from the compound for example: 

2NH4Cl(s)+ Ca(OH)2(s)                  CaCl2(s) +2H2O(g)+2NH3(g) 

Ammonia is very soluble in water and is lighter than air so it is collected by upward delivery.  

Industrial Preparation of Ammonia 

The Haber process 

A brief summary of the Haber Process 

The Haber process combines nitrogen from the air with hydrogen derived mainly from 

natural gas (methane) into ammonia. The reaction is reversible and the production of 

ammonia is exothermic. 

            N2(g) + 3H2(g)              2NH3(g)          H = -92KJmol-1 
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A flow scheme for the Haber process looks like this: 

 

The Proportions of Nitrogen and Hydrogen 

The mixture of nitrogen and hydrogen going into the reactor is in the ratio of 1 volume of 

nitrogen to 3 volumes of hydrogen. 

Avogadro's Law says that equal volumes of gases at the same temperature and pressure 

contain equal numbers of molecules. That means that the gases are going into the reactor in 

the ratio of 1 molecule of nitrogen to 3 of hydrogen. 

That is the proportion demanded by the equation. 

In some reactions you might choose to use an excess of one of the reactants. You would do 

this if it is particularly important to use up as much as possible of the other reactant - if, for 

example, it was much more expensive. That doesn't apply in this case. 

 

Conditions Necessary for the Manufacture of Ammonia by the Haber process  

1. The Catalyst 

Finely divided iron catalyst is used. The iron is finely divided so as to speed up the reaction. 

2. The Pressure 

The pressure varies from one manufacturing plant to another, but is always high. You can't go 

far wrong in an exam quoting 200 atmospheres. 

3. The Temperature 

The temperature of about 400oC – 450oC. 
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Recycling 

At each pass of the gases through the reactor, only about 15% of the nitrogen and hydrogen 

converts to ammonia. (This figure also varies from plant to plant). By continual recycling of 

the unreacted nitrogen and hydrogen, the overall conversion is about 98%. 

Increasing the pressure brings the molecules closer together. In this particular instance, it will 

increase their chances of hitting and sticking to the surface of the catalyst where they can 

react. The higher the pressure the better in terms of the rate of a gas reaction. 

Separating the ammonia 

When the gases leave the reactor they are hot and at a very high pressure. Ammonia is easily 

liquefied under pressure as long as it isn't too hot, and so the temperature of the mixture is 

lowered enough for the ammonia to turn to a liquid. The nitrogen and hydrogen remain as 

gases even under these high pressures, and can be recycled. 

Properties of Ammonia. 

i. It is a colourless – poisonous gas 

ii. It has a strong chocking smell/pungent small 

iii. It is easily liquefied – at -33oc 

iv. It extinguishes a burning splint and is less dense than air. 

v. It does not burn in air 

vi. It burns in oxygen with a greenish – yellow flame   

4NH3(aq) + 3O2 (g)                2N2(g) + 6H2O(g) 

vii. It   reacts with hydrogen chloride gas to form a white smoke. The white smoke 

(fames) is made up of tiny particles of solid ammonium chloride. 

 NH3(g)+Hcl(g)                NH4Cl(s) 

This reaction can be used to test whether the gas is ammonia.  

Test for Ammonia                                  

1. Dip a glass rod in concentrated hydrochloric acid; put the rod in gas jar of ammonia. 

White fumes are produced which indicate the presence of ammonia. 

2. Bring a wet red litmus paper into the mouth of a jar of ammonia. The colour of litmus 

changes from red to blue which indicates that the gas is ammonia. 

Note: Ammonia is the only common alkali gas. 

Solubility: Ammonia is the most soluble of all gases (1cm3) of water dissolves 800cm3 of 

ammonia at room temperature.  Concentrated aqueous ammonia is about 15cm. 
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Use for Ammonia 

1. Ammonia is used in the manufacture of nitric acid. 

NH3 + 2O2 → HNO3 + H2O 

Nitric acid is used for the production of fertilizers, explosives.  

2. For remediation of gaseous emissions  

Ammonia used to scrub SO2 from the burning of fossil fuels, the resulting product is 

converted to ammonium sulphate for use as fertilizer. Ammonia neutralizes the nitrogen 

oxides (NOx) pollutants emitted by diesel engines. This technology, called SCR (selective 

catalytic reduction), relies on a vanadia-based catalyst. 

3. As a fuel  

Ammonia was used during World War II to power buses in Belgium, and in engine and solar 

energy applications prior to 1900. Liquid ammonia was used as the fuel of the rocket 

airplane, the X-15. Although not as powerful as other fuels, it left no soot in the reusable 

rocket engine and its density approximately matches that for the oxidizer, liquid oxygen, 

which simplified the aircraft's design. 

4. In laundries and homes ammonia is used for softening water and to remove grease stains 

from cloths.  

5. Ammonia from smelting salts (ammonium carbonate) prevents fainting and dizziness. 

6. Liquid ammonia is the convenient source of hydrogen. 

 

ORGANIC CHEMISTRY 

Classifying Organic Compounds 

Homologeous series: a family of organic compounds with the same general formula and  

similar chemical properties/ a group of compounds related to each other. 

Characteristics of a Homologous Series 

 All members of homologous series have same general formula 

 Formula of each member differs by CH2 group 

 Physical properties changes gradually in the increase of carbon atoms 

 The members have similar chemical properties 

 Have similar methods of preparation 
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Functional Groups 

Is the special group of atoms available in homologous series compounds, which is 

responsible for the chemical properties of the compound. 

Production of Organic Compounds 

a. From crude oil refinery: 

Crude oil is a mixture of complex hydrocarbons with varying boiling points, depending on 

the number of carbon atoms and how they are arranged.  

Fractional distillation uses this property to separate the hydrocarbons in crude oil. 

 

b. From naphtha: 

Naphtha fraction is used for production of petrochemicals, such as medicines, plastics and 

synthetic fibres, aside from fuels.  

When naphtha is treated, not only it becomes a better fuel, it also contains more aromatic 

hydrocarbons, alkenes and cyclic hydrocarbons which are important for petrochemical 

industry. 

Crude oil is mostly used as fuel, though some allocated for chemical feedstock.  

Saturated Vs Unsaturated 

Saturated hydrocarbons are hydrocarbons which contain carbon to carbon single bond     

(C–C). These are alkanes. 

 

Unsaturated hydrocarbons are hydrocarbons which contain carbon to carbon double bond 

(C=C) or carbon to carbon triple bond. These are alkenes and alkynes respectively. 

Alkanes 

 A brief guide to the structure and nomenclature of non-cyclic alkane hydrocarbons 

CnH2n+2 

n = 
1 2 3 4 5 6 7 8 9 10 

formul

a of 

alkane 

CH4 C2H6 C3H8 C4H10 C5H12 C6H14 C7H16 C8H18 C9H20 C10H22 

name 

of 

alkane 

methan

e 

ethan

e 

propan

e 

butan

e 

pentan

e 

hexan

e 

heptan

e 

octan

e 

nonan

e 

decan

e 
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 The primary suffix name is based on the longest carbon chain and ending in ...ane.  

 1 carbon, methane; 2 carbons, ethane; 3 carbons in chain, propane; 4 carbons in 

chain, butane. After these four preserved 'old trivial' names, the name is 'numerically' 

systematic e.g. C5 carbon chain pentane; C6 chain hexane, C7 chain heptane, C8 

chain octane, C9 chain nonane, C10 chain decane etc.  

 The table above lists the molecular formula and names of the first ten linear 

alkanes (the term linear applies to butane onwards, i.e. from whence chain 

isomerism is possible.  

   Characteristics 

 Usually used as fuels, examples: natural gas, petrol, diesel 

 Are homologous series 

 Have a formula of CnH2n+2 

 example: propane has three carbon atom, thus n=3. Then the formula of propane is 

C3H8 

 Ends with suffix –ane 

 Next alkane formula differ by CH2 atoms. Eg: methane: CH4, ethane: C2H6 

                 Physical Properties of Alkanes 

 Melting points and boiling points increase as the bonds become larger and heavier 

which increases the forces of attraction between molecules so more energy (from 

heat) is needed to separate them with the increase of strength of forces of attraction; 

 insoluble in water but soluble in organic solvents such as tetrachloromethane as 

alkanes are organic compounds; 

 density increases down the series; all alkenes are less than 1g/cm3; 

 become more viscous going down the series as the longer molecules tangles together 

when it flows; 

 become less flammable down the series as boiling point increases; 

 uncreative with either metals, water, acids or bases because the C – C and C – H 

covalent bonds are harder to break. 

              Reaction (Chemical Properties) of Alkanes 

Have same chemical properties – they don’t react with most chemicals 

1) Combustion 

Alkanes burn in air to ALWAYS form carbon dioxide and water.  

When there is insufficient oxygen, the product is ALWAYS carbon monoxide and unburnt 

carbon. 

Example: Butane is commonly used camping gas. State the chemical equation of combustion 

of butane in air. 

 2C4H10(g) + 13O2(g) -------> 8CO2(g) +10H2O(l) 
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High alkanes burn less completely and give soot (unburnt carbon) and CO. 

 

 

2) Reaction with Chlorine/Other Halogens (Alkyl Halides) 

Chlorine molecule replaces alkane hydrogen atom with chlorine atom. 

Substitution reaction – the reaction in which one or more atoms replace other atoms in a 

molecule. 

 E.g (a) CH4 +Cl2  → CH3Cl + HCl 

       (b) CH4 + Br2     CH3Br + HBr  

Light is needed to break covalent bond between chlorine molecule --> atoms 

Laboratory preparation of Alkanes/methane 
In the lab methane is prepared using the following chemical reaction.  

 

Sodium acetate is the sodium salt of acetic acid. Sodium hydroxide (NaOH) is obtained from 

soda lime which is a combination of NaOH +CaO. Only the NaOH component of the soda 

lime reacts in the reaction.  

 

A mixture of sodium acetate and soda lime are taken in a glass tube and heated. Methane gas 

is evolved which is collected by downward displacement of water. The downward 

displacement method makes other soluble gases or salts evaporating from the tube to be 

absorbed. Also it must be remembered that methane is insoluble in water, hence the 

downward displacement technique can be usefully employed.  

Uses of methane 
 Because of its excellent burning, methane is used as a cooking gas.  

 Methane is used to produce carbon dioxide gas.  

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/alkane-combustion.jpg?attredirects=0
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 Methane is used to produce carbon black used in rubber industries.  

Methane is used as a starting material for other organic compounds like methyl chloride, 

methylene dichloride, chloroform, etc.  

 

Alkenes 

Characteristics 

- have general formula CnH2n. 

- all alkene names end with ‘ene’. 

- the formula of one alkene differs from the next by CH2. 

- have similar properties like alkanes going down the series. 

Structure of Alkenes 

Are organic compound containing C = C double bond, said to be unsaturated 

Reason: not all C atoms are bonded to the maximum number of 4 other atoms 

The Importance or uses of Ethene 

Making: 

 Ethanol – solvent & fuel  

 Poly(ethene) – PE plastic variations 

 Ethanoic acid – vinegar 

Reactions of Alkenes 

1) Combustion 

  (a) Complete Combustion 

Burns in sufficient supply of air (oxygen) to form carbon dioxide and water 

Example: Ethene burns in air. Write the balanced equation for the reaction 

C2H4 (g) + 3O2 (g) ------> 2CO2 (g) + 2H2O (l) 

Incomplete combustion forms soot(carbon) and CO. It’s produced more than alkane 

 

 

2) Addition Reaction 

Is the reaction of 2 or more molecules to form a single product. 
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a. Addition of hydrogen: 

Alkenes react with hydrogen to form alkanes, called hydrogenation. Must use nickel as 

catalyst and heat. 

  E.g C2H4 + H2                       C2H6     

b. Addition of bromine 

Bromine adds to C = C double bond of alkane molecules.  

 E.g C2H4 + Br2                           C2H4Br2: dibromoethene  

 Phosphoric acid (H3PO4), high temperature of 300oC and 60-70 atm pressure are needed 

as catalyst. 

 

c. Addition of Steam (water) 

Alkene reacts with water, in the form of steam, to produce alcohol.  

Alkene + steam is passed over phosphoric acid (H3PO4) catalyst and temperature of 300oC.  

C2H4 + H2O                   H3PO4         C2H50H                                                               

H2O molecule adds to C = C bonds to form alcohol. 

Conditions 

 phosphoric acid (H3PO4) catalyst 

 temperature of 300oC 

MAKING ALKENES IN THE LAB 

Preparing alkenes in the lab by the dehydration of alcohols. 

Dehydration of alcohols using aluminium oxide as catalyst 

The dehydration of ethanol to give ethene 

This is a simple way of making gaseous alkenes like ethene. If ethanol vapour is passed over 

heated aluminium oxide powder, the ethanol is essentially cracked to give ethene and water 

vapour. 

 

To make a few test tubes of ethene, you can use this apparatus: 
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It wouldn't be too difficult to imagine scaling this up by boiling some ethanol in a flask and 

passing the vapour over aluminium oxide heated in a long tube. 

Dehydration of alcohols using an acid catalyst 

The acid catalysts normally used are either concentrated sulphuric acid or concentrated 

phosphoric (V) acid, H3PO4. 

Concentrated sulphuric acid produces messy results. Not only is it an acid, but it is also a 

strong oxidising agent. It oxidises some of the alcohol to carbon dioxide and at the same time 

is reduced itself to sulphur dioxide. Both of these gases have to be removed from the alkene. 

It also reacts with the alcohol to produce a mass of carbon.  

The dehydration of ethanol to give ethene 

Ethanol is heated with an excess of concentrated sulphuric acid at a temperature of 170°C. 

The gases produced are passed through sodium hydroxide solution to remove the carbon 

dioxide and sulphur dioxide produced from side reactions. 

The ethene is collected over water. 

WARNING! This is potentially an extremely dangerous 

preparation because of the close proximity of the very hot concentrated sulphuric acid and the 

sodium hydroxide solution. I knew of one chemistry teacher who put several students into 

hospital by getting it wrong! That was many years ago before safety was taken quite so 

seriously as it is now. 

  

The concentrated sulphuric acid is a catalyst. Write it over the arrow rather than in the 

equation 

3) Polymerization 

This is the joining of several identical alkene molecules to form a big molecule. 

Eg: Ethene + Ethene +..... -----------> poly(ethene) 
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Testing for Unsaturated Compounds 

Mix bromine solution with alkene (for liquid alkenes – shake).  

Reddish-brown colour of bromine disappears.  

This shows that the compound is an alkene. 

The Manufacture of Margarine 

Polyunsaturated food – food containing C=C bond in their molecules Eg: Vegetable oil. 

Hydrogen is reacted with vegetable oil with presence of nickel catalyst and heat, which adds 

to C=C bond, increasing the molecular mass of the compound. 

With increase in mass, the compound has higher boiling point. Therefore, margarine is solid 

at room temperature. 

Since only some C=C bonds react with hydrogen, margarine is partially hydrogenated and 

each has different hardness, depending on the number of C=C bonds. 

Isomers 

These are compounds with same molecular formula but different structural formulae. 

Due to different chain length, they have different physical properties (e.g. boiling point).  

Isomerism can occur in both alkanes and alkenes. 

For alkene, double bond position can be changed. 

We therefore can’t just say that C6H14 is simply hexane because there are more variations of 

C6H14 and each variation has its own name. 

 

 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/polyethene.jpg?attredirects=0
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Examples 

    n- butane     

           2-methyl propane 

 

n-hexane  

 

2-methyl pentane  

 

2,3-dimethyl butane  

 

                2,2-dimethyl butane (not 3,3-dimethyl butane) 
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FUELS 

A fuel is a substance that produces energy when burnt. 

Refining of Petroleum 

Petroleum is a complex mixture of organic liquids called crude oil and natural gas, which 

occurs naturally in the ground and was formed millions of years ago. Crude oil varies from 

oilfield to oilfield in colour and composition, from a pale yellow low viscosity liquid to heavy 

black 'treacle' consistencies. 

Crude oil and natural gas are extracted from the ground, on land or under the oceans, by 

sinking an oil well and are then transported by pipeline and/or ship to refineries where their 

components are processed into refined products. Crude oil and natural gas are of little use in 

their raw state; their value lies in what is created from them: fuels, lubricating oils, waxes, 

asphalt, petrochemicals and pipeline quality natural gas. 

An oil refinery is an organised and coordinated arrangement of manufacturing processes 

designed to produce physical and chemical changes in crude oil to convert it into everyday 

products like petrol, diesel, lubricating oil, fuel oil and bitumen. 

As crude oil comes from the well it contains a mixture of hydrocarbon compounds and 

relatively small quantities of other materials such as oxygen, nitrogen, sulphur, salt and 

water. In the refinery, most of these non - hydrocarbon substances are removed and the oil is 

broken down into its various components, and blended into useful products. 

Natural gas from the well, while principally methane, contains quantities of other 

hydrocarbons - ethane, propane, butane, pentane and also carbon dioxide and water. These 

components are separated from the methane at a gas fractionation plant. 

Petroleum hydrocarbon structures 

Petroleum consists of three main hydrocarbon groups: 

Paraffins 

These consist of straight or branched carbon rings saturated with hydrogen atoms, the 

simplest of which is methane (CH4) the main ingredient of natural gas. Others in this 

group include ethane (C2H6), and propane (C3H8). 
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Hydrocarbons 

With very few carbon atoms (C1 to C4) are light in density and are gases under normal 

atmospheric pressure. Chemically paraffins are very stable compounds. 

Naphthenes 

Naphthenes consist of carbon rings, sometimes with side chains, saturated with 

hydrogen atoms. Naphthenes are chemically stable, they occur naturally in crude oil 

and have properties similar to paraffins. 

 

Aromatics 

Aromatic hydrocarbons are compounds that contain a ring of six carbon atoms with 

alternating double and single bonds and six attached hydrogen atoms. This type of structure is 

known as a benzene ring. They occur naturally in crude oil, and can also be created by the 

refining process. 
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The more carbon atoms a hydrocarbon molecule has, the "heavier" it is (the higher is its 

molecular weight) and the higher is its the boiling point. 

Small quantities of a crude oil may be composed of compounds containing oxygen, nitrogen, 

sulphur and metals. Sulphur content ranges from traces to more than 5 per cent. If a crude oil 

contains appreciable quantities of sulphur it is called a sour crude; if it contains little or no 

sulphur it is called a sweet crude. 

The refining process 

Every refinery begins with the separation of crude oil into different fractions by distillation.  

The fractions are further treated to convert them into mixtures of more useful saleable 

products by various methods such as cracking, reforming, alkylation, polymerisation and 

isomerisation. These mixtures of new compounds are then separated using methods such as 

fractionation and solvent extraction. Impurities are removed by various methods, e.g. 

dehydration, desalting, sulphur removal and hydro treating. 

Refinery processes have developed in response to changing market demands for certain 

products. With the advent of the internal combustion engine the main task of refineries 

became the production of petrol. The quantities of petrol available from distillation alone was 

insufficient to satisfy consumer demand. Refineries began to look for ways to produce more 

and better quality petrol. Two types of processes have been developed: 

 breaking down large, heavy hydrocarbon molecules  

 reshaping or rebuilding hydrocarbon molecules.  

Distillation (Fractionation) 

Because crude oil is a mixture of hydrocarbons with different boiling temperatures, it can be 

separated by distillation into groups of hydrocarbons that boil between two specified boiling 

points. Two types of distillation are performed: atmospheric and vacuum. 

Atmospheric distillation takes place in a distilling column at or near atmospheric pressure. 

The crude oil is heated to 350 - 400oC and the vapour and liquid are piped into the distilling 

column. The liquid falls to the bottom and the vapour rises, passing through a series of 

perforated trays (sieve trays). Heavier hydrocarbons condense more quickly and settle on 

lower trays and lighter hydrocarbons remain as a vapour longer and condense on higher trays. 
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Liquid fractions are drawn from the trays and removed. In this way the light gases, methane, 

ethane, propane and butane pass out the top of the column, petrol is formed in the top trays, 

kerosene and gas oils in the middle, and fuel oils at the bottom. Residue drawn of the bottom 

may be burned as fuel, processed into lubricating oils, waxes and bitumen or used as 

feedstock for cracking units. 

To recover additional heavy distillates from this residue, it may be piped to a second 

distillation column where the process is repeated under vacuum, called vacuum distillation. 

This allows heavy hydrocarbons with boiling points of 450oC and higher to be separated 

without them partly cracking into unwanted products such as coke and gas. 

The heavy distillates recovered by vacuum distillation can be converted into lubricating oils 

by a variety of processes. The most common of these is called solvent extraction. In one 

version of this process the heavy distillate is washed with a liquid which does not dissolve in 

it but which dissolves (and so extracts) the non-lubricating oil components out of it. Another 

version uses a liquid which does not dissolve in it but which causes the non-lubricating oil 

components to precipitate (as an extract) from it. Other processes exist which remove 

impurities by adsorption onto a highly porous solid or which remove any waxes that may be 

present by causing them to crystallise and precipitate out. 
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Reforming 

Reforming is a process which uses heat, pressure and a catalyst (usually containing platinum) 

to bring about chemical reactions which upgrade naphtha into high octane petrol and 

petrochemical feedstock. The naphtha are hydrocarbon mixtures containing many paraffins 

and naphthenes. In Australia, this naphtha feedstock comes from the crudes oil distillation or 

catalytic cracking processes, but overseas it also comes from thermal cracking and 

hydrocracking processes. Reforming converts a portion of these compounds to isoparaffins 

and aromatics, which are used to blend higher octane petrol. 

 paraffins are converted to isoparaffins  

 paraffins are converted to naphthenes  

 naphthenes are converted to aromatics  

e.g. 

 
catalyst 

     
heptane  ------>  toluene  +  hydrogen  
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C7H16  ->  C7H8  +  4H2  

 

 
catalyst 

     
cyclohexane  ------->  benzene  +  hydrogen  

  

 
C6H12  ->  C6H6  +  3H2  

 

Cracking 

Cracking processes break down heavier hydrocarbon molecules (high boiling point oils) into 

lighter products such as petrol and diesel. These processes include catalytic cracking, thermal 

cracking and hydrocracking. 

e.g. A typical reaction: 

 
catalyst 

     

 
C16H34  ->  C8H18  +  C8H16  

 

Catalytic cracking is used to convert heavy hydrocarbon fractions obtained by vacuum 

distillation into a mixture of more useful products such as petrol and light fuel oil. In this 

process, the feedstock undergoes a chemical breakdown, under controlled heat (450 - 500oC) 

and pressure, in the presence of a catalyst - a substance which promotes the reaction without 

itself being chemically changed. Small pellets of silica - alumina or silica - magnesia have 

proved to be the most effective catalysts. 

The cracking reaction yields petrol, LPG, unsaturated olefin compounds, cracked gas oils, a 

liquid residue called cycle oil, light gases and a solid coke residue. Cycle oil is recycled to 

cause further breakdown and the coke, which forms a layer on the catalyst, is removed by 

burning. The other products are passed through a fractionator to be separated and separately 

processed. 

Fluid catalytic cracking uses a catalyst in the form of a very fine powder which flows like a 

liquid when agitated by steam, air or vapour. Feedstock entering the process immediately 

meets a stream of very hot catalyst and vaporises. The resulting vapours keep the catalyst 

fluidised as it passes into the reactor, where the cracking takes place and where it is fluidised 

by the hydrocarbon vapour. The catalyst next passes to a steam stripping section where most 

of the volatile hydrocarbons are removed. It then passes to a regenerator vessel where it is 

fluidised by a mixture of air and the products of combustion which are produced as the coke 

on the catalyst is burnt off. The catalyst then flows back to the reactor. The catalyst thus 

undergoes a continuous circulation between the reactor, stripper and regenerator sections. 

The catalyst is usually a mixture of aluminium oxide and silica. Most recently, the 

introduction of synthetic zeolite catalysts has allowed much shorter reaction times and 

improved yields and octane numbers of the cracked gasolines. 

Thermal cracking uses heat to break down the residue from vacuum distillation. The lighter 

elements produced from this process can be made into distillate fuels and petrol. Cracked 

gases are converted to petrol blending components by alkylation or polymerisation. Naphtha 

is upgraded to high quality petrol by reforming. Gas oil can be used as diesel fuel or can be 
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converted to petrol by hydrocracking. The heavy residue is converted into residual oil or coke 

which is used in the manufacture of electrodes, graphite and carbides. 

Hydrocracking can increase the yield of petrol components, as well as being used to produce 

light distillates. It produces no residues, only light oils. Hydrocracking is catalytic cracking in 

the presence of hydrogen. The extra hydrogen saturates, or hydrogenates, the chemical bonds 

of the cracked hydrocarbons and creates isomers with the desired characteristics. 

Hydrocracking is also a treating process, because the hydrogen combines with contaminants 

such as sulphur and nitrogen, allowing them to be removed. 

Gas oil feed is mixed with hydrogen, heated, and sent to a reactor vessel with a fixed bed 

catalyst, where cracking and hydrogenation take place. Products are sent to a fractionator to 

be separated. The hydrogen is recycled. Residue from this reaction is mixed again with 

hydrogen, reheated, and sent to a second reactor for further cracking under higher 

temperatures and pressures. 

In addition to cracked naphtha for making petrol, hydrocracking yields light gases useful for 

refinery fuel, or alkylation as well as components for high quality fuel oils, lube oils and 

petrochemical feedstocks. 

Following the cracking processes it is necessary to build or rearrange some of the lighter 

hydrocarbon molecules into high quality petrol or jet fuel blending components or into 

petrochemicals. The former can be achieved by several chemical process such as alkylation 

and isomerisation. 

Alcohols 

Characteristics 

Are homologous series with general formula CnH2n+1OH 

They have –OH functional group (hydroxyl group) 

All alcohols end with suffix -ol 

First three members of the series (so that you’d have idea on the next) 

- Methanol, CH3OH 

- Ethanol, C2H5OH or CH3CH2OH 

- Propanol, C3H7OH or CH3CH2CH2OH 

For alcohol, the –OH is not of hydroxide ion, OH-, but is covalent bond between oxygen and 

hydrogen, O – H 

 

 

 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/alcohol.jpg?attredirects=0
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Making Ethanol 

1. Fermentation of sugars with yeast and 2. Reacting ethene with steam 

1. Fermenting glucose 

Fermentation is breakdown of sugars into smaller molecules by micro-organisms. 

C6H12O6 (aq) --> 2C2H5OH (aq) + 2CO2 (g) 

  Conditions  

 Temperature is kept constant at 37oC to prevent destruction of yeast at higher 

temperatures. 

 The process should take place in the absence of oxygen so as to prevent the oxidation of 

ethanol to ethanoic acid  

 Oxygen is removed by limewater and carbon dioxide is produced during fermentation.  

 Alcohol is separated from solution by fractional distillation. 

2. Reacting Ethene with Steam /Catalytic Addition of Ethene and Steam 

Ethene and steam are passed over phosphoric acid H3PO4 (as a catalyst) under high 

temperature of 300oC and pressure of 65 atm. 

C2H4 (g) + H2O (g) ⇌ C2H5OH (aq) 

Conditions 

 phosphoric acid H3PO4 (as a catalyst)  

 high temperature of 300oC and  

 pressure of 65 atm 

Since this is reversible reaction, both ethene and water are produced aside from ethanol.  

The ethanol is separated by fractional distillation. 

Uses of Alcohol 

 As organic solvent  

 alcoholic drink; preservatives 

 vehicle fuel 
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Reactions of Alcohol 

1) Combustion 

Alcohols burn in air to produce carbon dioxide and water. 

E.g. combustion of ethanol 

C2H5OH (aq) + 3O2 (g) ------> 2CO2 (g) + 3H2O (l) 

 

Example: 

 

 

2)Oxidation 

 

a. Carboxylic acids can be prepared in laboratory by warming alcohol with oxidizing agent 

[e.g. acidified potassium chromate(VI)].  

The product is carboxylic acid and water. 

 

 

E.g. oxidation of ethanol produces water and ethanoic acid 

C2H5OH (aq) + 2[O] {from oxidizing agent} ---> 2CH3COOH (g) + 3H2O (l) 

 

b. Alcohol can be oxidized when left in air with bacterial enzymes as catalyst.  

The products are carboxylic acid and water. 

 

E.g. ethanol produces water and ethanoic acid when left in air. 

C2H5OH (aq) + O2 (g) ---> 2CH3COOH (aq) + 3H2O (l) 

 

3) Esterification 

Carboxylic Acids 

 

 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/alcohol-combus.jpg?attredirects=0
https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/alcohol-oxidation.jpg?attredirects=0
https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/acid.jpg?attredirects=0
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Characteristics 

homologous series with general formula CnH2n+1COOH (first series, n = 0, ascending) 

They have ‘COOH’ functional group (carboxyl group) 

All carboxylic acids end with suffix ‘oic acid’. 

First three members of the series (so that you’d have idea on the next) 

- Methanoic acid, HCOOH 

- Ethanoic acid, CH3COOH 

- Propanoic acid, C2H5COOH 

 

 Propanoic acid 

Preparation of Carboxylic Acids 

1. From natural gas 

Natural gas is passed over air and catalyst to form ethanoic acid and water. 

E.g. production of ethanoic acid from methane 

2CH4 (g) + 2O2 (g) ---> CH3COOH (aq) + 2H2O (l) 

 

2. Oxidation 

 

Properties of Carboxylic Acids 

 Carboxylic acids are weak acids (partially ionises in water) 

 Carboxylic acids react with metals to form metal ethanoate (salt) and hydrogen 

 

E.g. Reaction between calcium and ethanoic acid forming calcium ethanoate and hydrogen 

Ca (s) + 2CH3COOH (aq) ---> Ca(CH3COO)2 (aq) + H2 (g) 

 Carboxylic acids react with bases to form salt and water (neutralization). 

E.g. Ethanoic acid reacts with sodium hydroxide to form sodium ethanoate and water. 

CH3COOH (aq) + NaOH (aq) ---> CH3COONa (aq) + H2O(g) 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/propanoic.jpg?attredirects=0
https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/acid-oxidation.jpg?attredirects=0
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 Carboxylic acids react with carbonates and bicarbonates to form salt, carbon dioxide and 

water. 

 

E.g. Ethanoic acid reacts with sodium carbonate to form sodium ethanoate and water. 

2CH3COOH (aq) + Na2CO3 (aq) ---> 2CH3COONa (aq) + CO2 (g) + H2O (g) 

 

ESTERIFICATION 

Ester is organic compound made from carboxylic acid and alcohol with the removal of one 

molecule of water.  

Concentrated sulphuric acid is added as catalyst then heat mixture. 

The reaction is reversible.  

We can add sodium hydroxide and heat mixture to obtain carboxylic acid and alcohol from 

ester --> This is HYDROLYSIS. 

 

 

 

We have seen how different functional groups attached to parent hydrocarbon, change the 

properties of the hydrocarbon. When the functional group is –COOR, where R is an alkyl 

group, the resultant compound is called an ester. While learning about the reactions of 

alcohols with carboxylic or organic acids, we have seen how an ester is formed. Ester and 

water are the reaction products of this reaction. Such a reaction is called esterification. 

Esterification is done in the presence of concentrated sulphuric acid, which is a catalyst for 

the reaction. The ester tests are performed to identify if an organic mixture has alcohol or an 

acid.  

Esters have a very sweet fruity smell. Naturally occurring esters are found in fruits. The 

structure of a typical ester namely ethyl ethanoate is shown below.  

 

Naming of esters 

Common names of esters are derived from the organic acid and the alcohol from which they 

are derived. For example, when acetic acid reacts with ethyl alcohol, the ester formed is 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/esterification.jpg?attredirects=0
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called ethyl acetate. The IPUAC name is different. Acetic acid is called ethanoic acid by the 

IUPAC rules. Thus the ester formed is called ethyl ethanoate. IUPAC names ester from two 

words first from the prefix of the alcohol and the second from the name of the acid.  

Examples below will clarify the way the IUPAC nomenclature is used.  

Example 1: Let us see how methyl methanoate HCOOCH3 is named by IUPAC method.  

 

The functional group –COOR, R here is a methyl group CH3. This is the simplest of esters. 

The reaction of methanoic acid HCOOH and methanol CH3OH can form this ester. From the 

IUPAC rules, the ester will take its first name from the prefix of the alcohol, in this case 

methyl, and the second name from the acid, in this case it is methanoate. Thus HCOOCH3 is 

named methyl methanoate by the rules laid down for IUPAC nomenclature for esters. The 

common name of this ester is methyl formate.  

Example 2: Let us see how ethyl methanoate HCOOC2H5 is named by IUPAC method.  

 

The functional group –COOR, R here is a ethyl group C2H5. The reaction of methanoic acid 

HCOOH and ethanol C2H5OH can form this ester. From the IUPAC rules, the ester will take 

its first name from the prefix of the alcohol, in this case ethyl, and the second name from the 

acid, in this case it is methanoate. Thus HCOO C2H5 is named ethyl methanoate by the rules 

laid down for IUPAC nomenclature for esters. The common name for this ester is ethyl 

formate.  

Example 3: Let us see how methyl ethanoate CH3COOCH3 is named by IUPAC method.  

 

The functional group –COOR, R here is a methyl group CH3. The reaction of ethanoic acid 

CH3COOH and methanol CH3OH can form this ester. From the IUPAC rules, the ester will 

take its first name from the prefix of the alcohol, in this case methyl, and the second name 

from the acid, in this case it is ethanoate. Thus CH3COOCH3 is named methyl ethanoate by 

the rules laid down for IUPAC nomenclature for esters. The common name of this ester is 

methyl acetate.  

Example 4: Let us see how ethyl ethanoate CH3COOC2H5 is named by IUPAC method. 
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The functional group –COOR, R here is a ethyl group C2H5. The reaction of ethanoic acid 

CH3COOH and ethanol C2H5OH can form this ester. From the IUPAC rules, the ester will 

take its first name from the prefix of the alcohol, in this case ethyl, and the second name from 

the acid, in this case it is ethanoate. Thus CH3COOC2H5 

 Physical Properties 

1. Physical State : Lower molecular weighted esters are colourless volatile liquids. Higher 

esters are colourelss waxy solids.  

2. Odour : All esters have a strong fruity smell.  

3. Solubility : Lower members of esters are soluble in water. The solubility decreases with 

increase in molecular weight of the esters. Esters are soluble in organic solvents. Esters 

themselves are good organic solvents.  

4. Acidic nature : Esters are neutral to litmus tests.  

Chemical Properties 

Hydrolysis of esters : Esters break down into their respective organic acid and alcohol from 

which they are formed. This process is called hydrolysis. When sodium hydroxide is added to 

an ester, say for example to ethyl ethanoate, a salt sodium ethanoate is formed along with 

ethyl alcohol. The reaction is shown below.  

 

Hydrolysis of ester with an alkaline solution like sodium hydroxide is known as 

saponification (soap making). This reaction is used in the preparation of soaps.  

The above reaction is a test for checking if esters are present in any solution. Few drops of 

indicator phenolphthalein is added to a solution of ester and NaOH. The solution shows pink 

colouration. Heat the solution. When the ester has reacted completely the pink colour will 

disappear.  

Uses of Esters 
 Esters are used as artificial perfumes or scents as they emit a sweet smell.  

 Esters are used in making artificial food flavours that are added in many edible items 

like ice creams, soft drinks, sweets, etc.  

 Esters are used as industrial solvents for making cellulose, fats, paints and varnishes.  

 Esters are used as solvents in pharmaceutical industries.  

 Esters are used as softeners in plastic industries and molding industries  
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MACROMOLECULES(POLYMERS) 

1. SYNTHETIC (MAN MADE) POLYMERS 

Polymers are giant molecules formed when smaller molecules, known as monomers, 

link together during the chemical reaction known as polymerisation. 

There are two types of polymerisation reactions, addition and condensation.  

 

Addition polymersiation involves the linking of monomers with double bonds. The 

double bond of one monomer breaks and links onto the neighbouring monomer. This 

process continues, as pictured below, to form polymers, some of which can be many 

thousands of monomers long. 

poly(ethene) (often called polythene) is made by polymerising the simplest alkene, 

ethene. 

 

 

Ethene has double bond.  

Another ethene molecules add to this unsaturated compound during polymerisation to form 

bigger compound. 

Repeat unit is the simplest part of the polymer which is repeated many times to form the 

polymer.  

CONDENSATION POLYMERISATION 

Condensation polymerisation involves monomers reacting together and releasing a 

small molecule in the process. The small molecule is commonly water or hydrochloric 

acid (HCl). 

Countless of these polymers bunch together to form the solid plastic. Weak forces hold 

the polymers together and can be easily disrupted with the application of heat. The 

plastic can be easily melted. A plastic that melts is known as a thermoplastic. 
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a)Nylon/Polyamide: Dicarboxylic acid (2 COOH groups) and diamine (2 NH2 groups) 

undergo condensation polymerisation to form  nylon. 

 

The linkage between monomers in nylon is called amide linkage.  

Therefore we can also call nylon as polyamide. 

Uses of nylon 

- a replacement of stockings and manufacture of garments to replace silk 

- make tents and parachutes due to strength 

- fishing lines 

- rugs and carpets 

 

b)Terylene/Polyester: Dicarboxylic acid (acid with 2 –COOH groups) and diol (alcohol 

with 2 –OH groups) undergo condensation polymerisation to form terylene 

 

 

The linkage between the monomers in terylene is called ester linkage.  

Therefore we can call this polymer as polyester. 

Terylene is used in fabrics as it is strong, resists stretching and sinking and doesn’t crumple 

when washed. 

Advantages of Plastics 

 they are cheap 

 they do not corrode or rust 

 they are durable 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/condensation.jpg?attredirects=0
https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/terylene.jpg?attredirects=0
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 they are light 

 they can easily be made into required(desired shape)s 

 they can easily be dyed into required colour 

 are poor conductors of heat and electricity; therefore, they can be used as insulators 

Problems associated with Plastics/Disadvantages of Plastics 

 Non-biodegradable – they cannot be decomposed by bacteria. Therefore, many 

plastic waste will pollute the Earth. 

 produce toxic gas (such as hydrogen chloride) when burnt and this contributes to 

acid rain. 

 produce carbon dioxide when burnt – increases global warming. 

 Plastics that require CFC during production may contribute to global warming when 

the CFC is allowed to escape. 

 easily catch fire 

Uses of Plastics 

 making containers 

 making rain coats 

 making hosepipes 

 making plastic bags 

 making electrical insulators  

2. Natural Macromolecules 

a. Carbohydrates  

contain carbon, hydrogen & oxygen.  

General formula is Cn(H2O)n. 

The simplest carbohydrate is C6H12O6 (glucose). 

Glucose polymerise each other to form starch. 

The overall reaction is: nC6H12O6 ---> (C5H10O5)n + nH2O 

Starch can also be broken down into glucose by heating with sulphuric acid. This is 

hydrolysis. 
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b. PROTEINS 

Proteins have similar linkage to that of a nylon.  

Only that their monomers are only amino acids joined together.  

Formed by condensation polymerisation. 

Proteins can be called as polyamide as it has amide linkage.  

Proteins can also be broken down into amino acids by boiling protein with sulfuric acid.  

This adds water molecule into the polymer. 

 

 

 

 

c. FATS 

Fats have similar linkage to that of a terylene (ester linkage).  

Only that their monomers consists of glycerol and fatty acids; different from terylene. 

Fats can also be broken down to sodium salts of fatty acids and glycerol by boiling it with an 

acid or alkali. - This is hydrolysis. 

                                                        

 

 

https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/protein.jpg?attredirects=0
https://sites.google.com/site/urbangeekclassroomsg/chemistry-classroom/organic-chemistry/fats.jpg?attredirects=0

