


What do I need to 

know and 

understand about 

metals?



Properties of Metals ï Oô Level Syllabus

¶ Describe the general physical properties of metals as solids having high 

melting and boiling points, malleable, good conductors of heat and 

electricity in terms of their structure.

¶ Describe alloys as a mixture of a metal with another element, e.g. brass 

and stainless steel.

¶ Identify representations of metals and alloys from diagrams of structures.

¶ Explain why alloys have different physical properties to their constituent 

elements.
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Reactivity Series ï Oô Level Syllabus

¶ Place in order of reactivity calcium, copper, (hydrogen), iron, lead, 

magnesium, potassium, silver, sodium and zinc by reference to:

 ­ The reactions, if any, of the metals with water, steam and dilute 

  hydrochloric acid.

 ­ The reduction, if any, of their oxides by carbon and/or by hydrogen.

¶ Describe the reactivity series as related to the tendency of a metal to form its 

positive ion, illustrated by its reaction with:

 ­ The aqueous ions of the other listed metals.

 ­ The oxides of the other listed metals.

¶ Deduce the order of reactivity from a given set of experimental results.

¶ Describe the action of heat on the carbonates of the listed metals and relate 

thermal stability to the reactivity series.
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Extraction of Metals ï Oô Level Syllabus

¶ Describe the ease of obtaining metals from their ores by relating the 

elements to their positions in the reactivity series.

Recycling of Metals ï Oô Level Syllabus

¶ Describe metal ores as a finite resource and hence the need to recycle 

metals, e.g. recycling of iron.

¶ Discuss the social, economic and environmental issues of recycling metals.
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Iron ï Oô Level Syllabus

¶ Describe and explain the essential reactions in the extraction of iron using 

haematite, limestone and coke in the blast furnace.

¶ Describe steels as alloys which are a mixture of iron with carbon or other 

metals and how controlled use of these additives changes the properties 

of the iron, e.g. high carbon steels are strong but brittle whereas low 

carbon steels are softer and more easily shaped.

¶ State the uses of:

 ­ Mild steel, e.g. car bodies, machinery.

 ­ Stainless steel, e.g. chemical plants, cutlery and surgical instruments.
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Iron ï Oô Level Syllabus

¶ Describe the essential conditions for the corrosion (rusting) of iron as the 

presence of oxygen and water. Prevention of rusting can be achieved by 

placing a barrier around the metal, e.g. painting, greasing, plastic coating 

and galvanising.

¶ Describe the sacrificial protection of iron by a more reactive metal in terms 

of the reactivity series where the more reactive metal corrodes 

preferentially, e.g. underwater pipes have a piece of magnesium attached 

to them.
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What are the 

general properties 

of metals? How are 

these properties 

related to their use?



¶ Metals have high 

melting points and 

high boiling points 

because the 

electrostatic force of 

attraction between 

the metal cations 

and ñseaò of 

delocalised 

electrons is strong.



¶ Metals are hard and strong because the electrostatic 

force of attraction between the metal cations and ñseaò of 

delocalised electrons is strong.



¶ Metals are 

malleable. This 

means that they 

can be hammered 

or rolled into thin 

sheets. This is 

because the metal 

cations are able to 

slide over each 

other without the 

metallic bonds 

breaking.



¶ Metals are 

ductile. This means 

that they can be 

stretched out to 

form wires. This is 

because the metal 

cations are able to 

slide over each 

other without the 

metallic bonds 

breaking.



¶ Metals are good 

conductors of heat. 

This is because both 

the close packed 

cations in the crystal 

lattice, as well as the 

ñseaò of delocalised 

electrons, are able to 

transfer kinetic 

energy through the 

metal.



¶ Metals are good conductors 

of electricity. This is because 

they contain a ñseaò of 

delocalised electrons that act 

as charge carrying particles.





¶ Metals are 

sonorous. This means 

that metals produce a 

ringing sound when 

struck. This is due to 

the stiff, yet slightly 

elastic nature of the 

metal lattice. This 

means that the metal 

lattice can deform 

slightly, but will then 

return to its original 

shape, i.e. vibrate.



¶ Metals have a metallic lustre. This is due to the way 

in which their delocalised electrons interact with light.



¶ Most metals have a high density. This is because 

the metal cations, with their relatively heavy nuclei, 

are packed closely together.



Those are all 

physical properties? 

What are the typical 

chemical properties 

of metals?



Metal oxides are basic*.

acid + base ­ salt + water

*Note: some metal oxides (Al2O3, PbO and ZnO)

are amphoteric.



¶ Atoms of the metallic elements react by losing their 

valence electrons to form cations with the electronic 

configuration of a noble gas.



¶ Atoms of the metallic elements react by losing their 

valence electrons to form cations with the electronic 

configuration of a noble gas.



Could I please have 

a summary of the 

properties of 

metals?



Property Application

High melting points and boiling points Cooking utensils, combustion engines

Hard and strong Manufacture of aircraft, bridges, cars

Malleable Motorcar bodies, household water pipes

Ductile Electrical wires

Good conductors of heat Cooking utensils

Good conductors of electricity Electrical wires

Sonorous Bells and tuning forks

Shiny (metallic lustre) Jewellery and mirrors

High density Diving weights and sports equipment

Form basic oxides Regulate pH of acidic soils

React by losing electrons to form cations Reducing agents



What is an alloy? 

How are the 

properties of alloys 

different from those 

of a pure metal?



¶ An alloy is a mixture of a metal with another element. 

Alloying a metal is done by combining a metal with 

another metallic or non-metallic element in order to 

improve the properties of the original metal.



¶ Brass is an alloy of copper and zinc.

¶ Bronze is an alloy of copper and tin.



¶ Steel is an alloy of iron and (most commonly) carbon.

¶ Stainless steel is an alloy of iron and chromium.



¶ The diagram above represents the structure of an alloy 

known as duralumin. The major component of this alloy 

is aluminium, with the minor components being copper, 

magnesium and manganese.



¶ The duralumin will be harder and stronger (less malleable 

and ductile) than the original aluminium because the large 

magnesium ions disrupt the regular, ordered, crystalline 

structure of the aluminium, making it difficult for the layers of 

aluminium ions to side over each other.



How can the 

reactivity of a metal 

be inferred from its 

atomic structure?



¶ Atoms of the metallic elements react by losing their 

valence electrons to form cations with the electronic 

configuration of a noble gas.



¶ The more readily the atoms of a metallic element lose 

their valence electrons (i.e. the lower the energy that is 

required to remove the valence electrons) then the

more reactive the metal will be.



Across a Period (left to right)
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¶ Moving across a Period, there is an increase in 

the number of protons in the nucleus of the atom 

(increase in nuclear charge) but the number of 

electron shells between the nucleus and valence 

shell remains constant (shielding effect remains 

constant). Consequently, there is an increase in 

the effective nuclear charge experienced by 

electron(s) in the valence shell of the atom.
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¶ Due to the increasing effective nuclear charge, 

the electrostatic force of attraction between the  

positively charged nucleus and negatively charged 

electron(s) in the valence shell increases across a 

Period from left to right. Consequently, more 

energy is required to remove an electron from the 

valence shell of the atom and the metals become 

less reactive across a Period from left to right.



Across a Period (left to right)
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¶ Moving down a Group, there is an increase in the 

number of protons in the nucleus (increase in 

nuclear charge) and also an increase in the number 

of electron shells between the nucleus and valence 

shell (increase in shielding effect). These variables 

effectively cancel each other out and the effective 

nuclear charge experienced by the electron(s) in the 

valence shell remains constant down a Group.



Across a Period (left to right)
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¶ Although the effective nuclear charge remains 

constant, the increasing distance between the 

positively charged nucleus and negatively 

charged valence electron(s) is a significant 

change. This causes the electrostatic force of 

attraction between the positively charged nucleus 

and negatively charged valence electron(s) to 

decrease down a Group.



Across a Period (left to right)
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¶ As the electrostatic force of attraction between 

the positively charged nucleus and negatively 

charged electron(s) in the valence shell of the 

atom decreases, less energy is required to 

remove an electron from the valence shell of the 

atom and the reactivity of the metals increases 

down a Group.



What is the 

reactivity series of 

metals? How is it 

determined and why 

is it useful?



¶ Metals can be 

placed in order of 

reactivity based upon 

several criteria. One 

example is to observe 

how vigorously 

different metals react 

with cold water.



potassium + water ­ potassium hydroxide + hydrogen
2K(s)  +  2H2O(l)  ­  2KOH(aq)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



sodium + water ­ sodium hydroxide + hydrogen
2Na(s)  +  2H2O(l)  ­  2NaOH(aq)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



calcium + water ­ calcium hydroxide + hydrogen

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



calcium + water ­ calcium hydroxide + hydrogen

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Potassium, sodium and calcium all react vigorously 

with cold water to produce an alkaline solution and 

hydrogen gas.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

potassium + water ­ potassium hydroxide + hydrogen

2K(s)  +  2H2O(l)  ­  2KOH(aq)  +  H2(g)

sodium + water ­ sodium hydroxide + hydrogen

2Na(s)  +  2H2O(l)  ­  2NaOH(aq)  +  H2(g)

calcium + water ­ calcium hydroxide + hydrogen

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)



¶ Magnesium reacts very slowly with cold water.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ Magnesium reacts very slowly with cold water to 

produce magnesium hydroxide and hydrogen gas.

magnesium + water ­ magnesium hydroxide + hydrogen

Mg(s)  +  2H2O(g)  ­  Mg(OH)2(s)  +  H2(g)



¶ Magnesium reacts very vigorously with steam.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ Magnesium reacts very vigorously with steam to 

produce magnesium oxide and hydrogen gas.

magnesium + steam ­ magnesium oxide + hydrogen

Mg(s)  +  H2O(g)  ­  MgO(s)  +  H2(g)



¶ Another way of 

arranging the metals 

in order of reactivity is 

to observe how 

vigorously different 

metals react with 

dilute acids.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Magnesium reacts vigorously with dilute strong acids.

magnesium + sulfuric acid ­ magnesium sulfate + hydrogen

Mg(s)  +  H2SO4(aq)  ­  MgSO4(aq)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ Aluminium reacts vigorously with dilute strong acids.

Note: The protective layer of Al2O3 must first be removed.

aluminium + hydrochloric acid ­ aluminium chloride + hydrogen

2Al(s)  +  6HCl(aq)  ­  2AlCl3(aq)  +  3H2(g)



¶ Zinc gives a fast reaction with dilute strong acids.

zinc + nitric acid ­ zinc nitrate + hydrogen

Zn(s)  +  2HNO3(aq)  ­  Zn(NO3)2(aq)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Iron gives a slow reaction with dilute strong acids.

iron + hydrochloric acid ­ iron(III ) chloride + hydrogen

2Fe(s)  +  6HCl(aq)  ­  2FeCl3(aq)  +  3H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Copper does not react with dilute strong acids.

copper + sulfuric acid ­ no observed reaction

Cu(s)  +  H2SO4(aq)  ­  no observed reaction

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ From left-to-right: magnesium, zinc, iron and lead

in test tubes of dilute strong acid.

Mg Zn Fe Pb



¶ Magnesium, aluminium, zinc, iron and lead all react with 

acids to produce a salt and hydrogen gas.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

magnesium + sulfuric acid ­ magnesium sulfate + hydrogen

Mg(s)  +  H2SO4(aq)  ­  MgSO4(aq)  +  H2(g)

zinc + nitric acid ­ zinc nitrate + hydrogen

Zn(s)  +  2HNO3(aq)  ­  Zn(NO3)2(aq)  +  H2(g)

iron + hydrochloric acid ­ iron(III ) chloride + hydrogen

2Fe(s)  +  6HCl(aq)  ­  2FeCl3(aq)  +  3H2(g)



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver
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Potassium ï K

Sodium ï Na

Calcium ï Ca

Magnesium ï Mg

Aluminium ï Al

Zinc ï Zn

Iron ï Fe

Lead ï Pb

Copper ï Cu

Silver ï Ag



¶ Another example 

is to observe how 

easily the metal 

carbonates 

decomposes on 

heating. The more 

reactive the metal, 

the more stable its 

carbonate, and the 

less likely it is to 

undergo thermal 

decomposition.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ With the exception of lithium carbonate, Li2CO3, Group 1 

metal carbonates do not decompose on heating in a

non-luminous Bunsen burner flame. Note that  lithium is 

the least reactive of the Group 1 metals.

¶ Carbonates of other metals (including lithium carbonate) 

decompose on heating in a non-luminous Bunsen burner 

flame to produce a metal oxide and carbon dioxide gas as 

the products. In general, the temperature at which metal 

carbonates decompose decreases upon descending the 

reactivity series of metals.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Calcium carbonate (white) decomposes into calcium oxide 

(white) and carbon dioxide at 890 C̄.

CaCO3(s)  ­  CaO(s)  +  CO2(g)

¶ Lead(II ) carbonate (white) decomposes into lead(II ) oxide 

(yellow) and carbon dioxide at 350 C̄.

PbCO3(s)  ­  PbO(s)  +  CO2(g)

¶ Zinc carbonate (white) decomposes into zinc oxide 

(yellow when hot, white when cold) and carbon dioxide

at 400 C̄.

ZnCO3(s)  ­  ZnO(s)  +  CO2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Zinc oxide is white when cold, but yellow when hot. When 

heated, the white zinc oxide loses oxygen to form a yellow non-

stoichiometric* oxide. On cooling, the compound absorbs oxygen 

from the atmosphere to form white zinc oxide once again.
*A compound whose proportions cannot be written using integers.

¶ Reversible

Decomposition

of Zinc Oxide

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Zinc oxide is white when cold, but yellow when hot. When 

heated, the white zinc oxide loses oxygen to form a yellow non-

stoichiometric* oxide. On cooling, the compound absorbs oxygen 

from the atmosphere to form white zinc oxide once again.
*A compound whose proportions cannot be written using integers.

¶ Reversible

Decomposition

of Zinc Oxide

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Copper(II ) carbonate (green) decomposes into copper(II ) 

oxide (black) and carbon dioxide at 300 C̄.

CuCO3(s)  ­  CuO(s)  +  CO2(g)

¶ Silver carbonate (yellow) decomposes into silver oxide 

(black) and carbon dioxide at 210 C̄.

Ag2CO3(s)  ­  Ag2O(s)  +  CO2(g)

The silver oxide (black) undergoes further thermal 

decomposition at 280 C̄ to form elemental silver and 

oxygen.

2Ag2O(s)  ­  4Ag(s) +  O2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Thermal 

Decomposition

of Copper(II ) 

Carbonate

¶ When heated by a non-luminous Bunsen burner flame, green 

copper(II ) carbonate decomposes to form black copper(II ) oxide 

and carbon dioxide gas. The carbon dioxide gas produces

a white precipitate when bubbled through limewater.
Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Thermal 

Decomposition

of Copper(II ) 

Carbonate

¶ When heated by a non-luminous Bunsen burner flame, green 

copper(II ) carbonate decomposes to form black copper(II ) oxide 

and carbon dioxide gas. The carbon dioxide gas produces

a white precipitate when bubbled through limewater.
Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ Thermal 

Decomposition

of Copper(II ) 

Carbonate

¶ When heated by a non-luminous Bunsen burner flame, green 

copper(II ) carbonate decomposes to form black copper(II ) oxide 

and carbon dioxide gas. The carbon dioxide gas produces

a white precipitate when bubbled through limewater.
Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

Element Thermal Stability
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Potassium ï K Stable to heating with Bunsen burner 

(does not decompose). Decomposes 

when the temperature is very high.Sodium ï Na

Calcium ï Ca

Decomposes to the metal oxide and 

carbon dioxide gas with increasing 

ease down the reactivity series.

Example:

CuCO3(s)  ­  CuO(s)  +  CO2(g)

Magnesium ï Mg

Aluminium ï Al

Zinc ï Zn

Iron ï Fe

Lead ï Pb

Copper ï Cu

Silver ï Ag



¶ The temperature at which a reaction takes place can 

affect the products that are formed.

¶ This means that a reaction between the same two 

chemicals, but at different temperatures, can produce 

different products.

¶ This happens because the product of the reaction 

formed at the lower temperature is thermally unstable 

and decomposes at the higher temperature to form a 

different reaction products.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ For example, if calcium reacts with water at room 

temperature, the main product is calcium hydroxide.

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

¶ But if calcium reacts with steam at a high temperature, 

the main product is calcium oxide, because any calcium 

hydroxide that is initially formed undergoes thermal 

decomposition.

to start:   Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

then decomposes:   Ca(OH)2(s)  ­  CaO(s)  +  H2O(l)

overall:   Ca(s)  +  H2O(g)  ­  CaO(s)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



¶ At room temperature, calcium hydroxide is formed.

calcium + water ­ calcium hydroxide + hydrogen

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ At high temperatures, calcium oxide is formed.

calcium hydroxide ­ calcium oxide + water

Ca(OH)2(s)  ­  CaO(s)  +  H2O(l)



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

¶ Qualitative test for water vapour: Anhydrous cobalt(II ) 

chloride paper changes from blue to pink.



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

Summary

¶ Calcium reacts with water (room temperature) 

to form calcium hydroxide and hydrogen:

Ca(s)  +  2H2O(l)  ­  Ca(OH)2(s)  +  H2(g)

¶ Calcium reacts with steam (high temperature) 

to form calcium oxide and hydrogen:

Ca(s)  +  H2O(g)  ­  CaO(s)  +  H2(g)



Please tell me 

about displacement 

reactions.



¶ A more reactive metal will displace a less reactive metal 

from its compounds.

Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

Carbon

®

Hydrogen

®



Potassium ­ Sodium ­ Calcium ­ Magnesium ­ Aluminium ­ Zinc ­ Iron ­ Lead ­  Copper ­ Silver

Carbon

®

Hydrogen

®


