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Now you &~

of szl bSe
(:rtic»“ O( mbtd]

gcll.

me of the prop

In Stages 7 and 8, you learnt about s0 | with OXY

‘ . . T o ac
going to investigate how diflerent metals rcé
O (= o

; e | in air.
\ ST Clﬂls mnada
, ivity, v i1 heat several different m :
@ In this activity, you will heat severi s will react with

Air contains oxygen, and some of the metal
this oxygen.

Read through the instructions and
precautions you will need to take. Discuss these

teacher before you carry out the investigation.

decide on the safety
with your

. 1 ou.
1 Take a small picce of one of the metals pl‘OVlC]Cd fory

2 Place it in the tongs and heat it in a Bunsen ﬂa‘mC-
3 Record your obscrvations in a table and explain wihat

has happened.
Repeat steps 1 to 3 for each of the other metals your

teacher has provided.

Qu_eg;tions

‘A1 Which

do you have for this? LR
What safety precautions did you take whilst carrying out this investigation?

Are the reactions of Group 1 metals with oxygen more or less vigorous than
the ones you tested? What evidence do you have for this?

was the most reactive of the metals you were given? What evidence

A2
A3

Looking at the reactions of metals with oxygen
Many metals react with oxygen if they get hot enough. You have
scen magnesium react with oxygen when you heat it. You haye
also seen the eflect of iron reacting with oxygen when it rusts,

When you look carefully at the reactions of metals with oxygen

it is possible to identify which metals are more reactive We ga ,

say that magnesium is more reactive than iron because we 4 n
n

see that iron reacts much more slowly than magnesium

(@ 6 Reactivity




6.1 Metals and their reactions with oxygen (@

Metals and the Periodic Table

ATher v .
X\ 11~Ul )‘01; ;%le.eﬁ at the elements in Stage 8, you learnt that
there are diflerent elements. Most of these are metals. D metals Group 8
H [ ] non-metals He
ydrogen helium
Group 1 Group 2 Group3 Group 4 Groups Group 6 Group7
Li Be
o . B C N 0 F
lithium | beryllium et carbon | nitrogen | oxygen | fluorine
sozjiﬁm m. ng_ Al =i B > % o
agnesium aluminium| silicon |phosphorus| sulfur | chlorine | argon
K Ca

potassium| calcium

The first twenty elements in the Periodic Table.
Each of the elements has a different atomic structure with a different number of electrons,
protons and neutrons. The atoms of the different elements are different sizes.

Metals have some properties in common and some properties that are slightly different. For
example, iron is hard and strong but sodium is much softer and can be easily cut with a knife.

Reactions of Group 1 metals with oxygen
The metals in Group 1 of the Periodic Table are softer than other metals. They are also more

reactive than other metals. They must be stored under oil because they react vigorously with

the moisture in the air and can explode.
When pieces of lithium, sodium or potassium are taken out from their containers, they
appear dull (not shiny). When the pieces are cut, the surface is shiny. The shiny surface soon

becomes dull because the metal reacts with the oxygen in the air. The surface becomes
covered with a new substance — the oxide of the metal. These metals are so reactive that they

react with oxygen even when they are not heated.
The general word equation for the reaction of a metal with oxygen is:

metal + oxygen — metal oxide

1 Nalhe two metals that have atoms larger than those of sodium.
2 Which property of sodium is not typical of a metal?
3 Suggest why it might be difficult and dangerous to test sodium for electrical conductivity.

4 Write the word equation for the reaction of sodium with oxygen.

Summary
e When a metal reacts with oxygen a metal oxide is formed.
» Metals have different levels of reactivity.
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watel

/6.2 Reactions of metals 1"

i

yoLl. USC

) . ~ ~ > g i CCl for i
@ 1 “Take a small picce of onc of the metals plo":? : need to do this
sandpaper to clean the surface of the metal. You ne% xygen
cted with the OXYES
a This

because some of the metals may have re \ he surface.

in the air and formed a layer of metal oxide on the t with the water: H

would prevent the metal from being in direct contac

2 Place the metal into a test tube of water. _ has happened' -
Record your observations in a table and explain what @ If nothing

You may need to leave the metal to react for som ¢ e ter.

happens, you could try testing the metal again using hot V}:a S

4 Repeat steps 1 to 3 for cach of the other metals your teacher

has provided.

Sareerny

B ATt

— : nce

1€

Questions
A1 Which was the most reactive of the
do you have for this? 2
) . i their

A2 Use the results of your experiment to arrange the metals in order of

reactivity, starting with the most reactive. -
A3 Suggest why some metals will react with hot water but not with cold water. {

|

Reactions of Group 1 metals with water
In Stage 8 you learnt about the reaction of some metals with water. You saw the reactions

of lithium, sodium and potassium when pieces of each metal were placed on water.

Lithium reacts with water to Sodium is more reactive than p B e

produce lithium hydroxide lithium with water, Sg;?iiugolsrnevehnhmore e thanh

and hydrogen. g Uch heat is generated tha
: a

Look at the position of these three metals in Group 1 in the Periodic T gas produced catches fire

page 81. Potassium is the most reactive and i lower down the'trg Ic rftblie on.

the least reactive and is at the top of the group, stoup. Lithium i

In all three of these reactions the metal reacted with v
at
and the metal hydroxide. R prOduce hydrogen

metal + water — metal hydroxide + hydrogen

(@‘ 6 Reactivity



. w ; b
6.2 Reactions of metals in water ({((QJ/ a

Questons
1 Which of these three ntals ,

| most vigorously? f
| : . . . . as
2 Write the word equation for the reaction of sodium with water. bubblEsiRLe
— \

ithium and pbtaséium — reacts the

@ 3 V\’hat.safety precautions must be taken when these reactions take place?
| 4 Explain why these metals must be stored under oil.

/ Reactions of other metals with water

Some other metals react less vigorously with water — for example, magnesium and
calcmn?. In the experiment shown in the diagram, a piece of calcium has been
placed in the bottom of a beaker and covered with water. A filter funnel has been
placed upside down over the metal. The gas given off is collected in a test tube by the
displacement of water,

Questions
e e e AT e i (gl
5 Whatis the gas that is given off? How would you test for it? metal )
6 How could you tell if calcium or magnesium is the more reactive?
7 What factors should you take into account to make this a fair test?

8 Write the word equation for the reaction between calcium and water.

S

Some of the metals that do not react with water may react with
steam. Even magnesium will react more rapidly with steam than
with water.

In the reaction shown on the right, magnesium is heated. From
time to time the ceramic wool is also heated. The ceramic wool

has been soaked in water, which produces steam. In this reaction
the magnesium reacts with water in the form of a gas. Magnesium
oxide and hydrogen are formed. The hydrogen gas that is given

off can be burnt. The word equation for this reaction is: o~

magnesium + steam — magnesium oxide + hydrogen

hydrogen
gas burning

ceramic magnesium
wool ribbon

9 Explam, using particle theory, why the reaction between steam and ]
magnesium is more vigorous than that between liquid water and magnesium.

Summary pe .
Group 1 metals react vigorously with water.
The metals nearest the bottom of Group 1 in the Periodic Table react

more vigorously than those at the top.
Some metals will react with hot water or steam, but not with

cold water.

6 Reactivity @\




safety
screen

glasses

: : ‘ [ ’ aluminium Zinc / he
.:N\ “ | for”‘Ofblocks » ZIng, lead, in t
(@’ 6 Reactivity

. ~action of Ma,
You will probably remember seeing the lcaC.U(;.
acid. This is the word equation for this reaction.

e + hydrogen

. lorid
e o esium ch id, the
magnesium + hydrochloric acid — magn th an acid,

ts wi
metal reac

Magnesium chloride is an example of a salt. When 2
products are a salt and hydrogen.

Questions

- s Si
action between magne

< T he mand
1 a Write the word equation foF the o6
sulfuric acid.

£ s
b What is the salt that is produced in this reaction

in a
B op it ok place 1n
€ Describe what you would observe if this reaction toox p
test tube.

itric acid.
. ; : nd nitric act
2 Write the word equation for the reaction between zinc a

i,

. . i tals with acids.
Priya and Rohit have been asked to investigate the reactivity of m(;e e oh
The equipment and reagents that are available in the laboratory a

ich items they
Their first task is to plan their investigation. They need to ChOO.SC V\.’hmh 1
will use. They need to decide how they will carry out the investigation.

_Oaong

=

=

CONCENTRATED| §
HYDRoCHLORIC

face protector

» filings or powder.

TN
5y
3



dllinvesy Isationiintoithelreactivityofmatals niacids:
Use the informati .
s¢ the mlormation and ideas on the previous page to plan the investigation for Priya and

Rohit. Choose : . . ;
1 which of the items in the diagrams they need to use. Some of the items
shown are not appropriate to use

Discuss in :
your group how you will answer these questions.

+ What will they change?
* What will they keep the same?
¢ How will they measure the reactivity and decide which is the most or least reactive metal?

* How will they keep safe?

* What equipment will they use?

Re.mem'ber to.include a results table and an idea of what they should be looking for in order
to identify which are the most reactive.

Write your plan and show your teacher.

A1 Which metals should not be used b}‘fvt'he students in this investigation?
Give reasons for your answer.

A2 Explain which measuring cylinder they should choose to measure out
enough acid to use in this investigation.

Vestigatingithe reactivitylofime
Your teacher will provide you with the items you
need to carry out this investigation. Your task is to
find the order of reactivity of the metals you are
given. Remember to work in a methodical way

and keep an accurate record of your results.

(

Summary, th dilute acid, the products are a salt and

s When a metalreacts wi

hydrogen. Ll ;
o Different metals have different levels of reactivity in dilute acid.

6 Reactivity @\



6.4 The reactivity s

ing at the
1 others by I'ZO};JS?“g the results

. ~ aCl i
nd dllu“;f their reactivity:

ctals at the toP and

r ha
You have scen that some metals are more reactive t) a
reaction of the metals with oxygen, water (Or Stcaml ‘jn order
of all of these investigations, we can place the metass tive m
. . . t rcac 1
This list is called the reactivity series. It has the mos
the least reactive at the bottom.

most reactive

bl
(o
oy i B L A

Potassium, K ¢

Sodium, Na

A A i S

‘ Calcium, C?i-‘ i

Magnesium, Mg

3 i
7 Silver, Ag é
i )

3
3

Rl Rt i Sae o Do e S AT

least reactive

Questions

1 a Suggest where the metal lithium shouldbelad 1 tlsls Yoy
b Give your reasons for placing lithium in thig position,

2 a Platinum is a precious metal that is used for jewellery, Platiny

for a long time. Where in the list would you place the met

b Give your reasons for placing platinum in this position

3 Make up a mnemonic to help you to remember the seque;l
In the reactivity series. (A mnemonic Is a sentence ip which Ci

each word is the same as the first letter of th \

You could either use the first letters of the

their symbols. :

m stays shiny
al platinum?

‘ € first letter of
€ things yoy want to emember,)
hames of the metals, o .




6.4 The reactivity series «@Qy)ﬂ 1

[his table shows a g a eric
Uummary of : i v
Iy of the reactions of the metals in the reactivity series.

[Metal Reaction wj
potassium burns bn. “:th 22VREN Reaction with water Reaction with dilute acid
form anré)iictjlg when heated to very vigorous reaction in cold | violent reaction and very
water. The hydroxide dangerous
is formed )
— N bl 5T .
N - Wit/ //\\
[P e e - S I~
. R a Sy
calcium ) - =
Eg;?gdbnghtly in a|rvyhen slow reaction in cold water to
to form an oxide form the hydroxide
magnesium
reaction, which becomes
less vigorous as you go down
the list
aluminium ;slow reaction when heated to | reacts with steam but not
orm an oxide water to form an oxide
zinc
iron
lead no reaction with steam or
i water
copper no reaction
silver no reaction
gold

Summary

» Metals have different levels of reactivity.
* The reactivity series is a list of metals with the most reactive at the top.

6 Reactivity @\



wer

) -  heaker of copl
If you place a clean iron nail into a heaker :
sulfate there is an interesting reaction.

dightly paler
ns is that
1 copper

The blue copper sulfate solution changes (0 @
colour. The most remarkable thing that happ¢
the nail looks a diflerent colour. It has b.ccomc ¢
colour. What has happencd in this reaction?

"T'his is the word equation for this reaction.

. . NCI
copper sulfate + iron — iron sulfate + copp e i f
. . i " is more : olution of copper
The iron nail has become coated with copper. Iron 1s ron nail is placed. ”:1 as od it is cg\l/)
reactive than copper and it has ‘pushcd out’ the copper Al:ll;;te When the nail is remov erc
s .

from the copper sulfate and has reacted to form 1ron .
sulfate. This ‘pushing out’ is called displacement, 50 this
type of reaction is named a displacement reaction.
A more reactive metal can replace a less reactive one

in a salt.

in copper.

ould be no reaction because
he iron sulfate.

If a copper nail was placed in a solution of iron sulfate there wouat .
copper is less reactive than iron. Copper cannot displace the ron in

Questions ol SRS
Use the reactivity series on page 86 to help you answer the following questions.
1 Which is the more reactive metal — zinc or lead?
@ 2 Can zinc displace the lead in lead nitrate?
- 3 Which is more reactive — silver or aluminium?
@ 4 Canssilver displace the aluminium in aluminium sulfate?

s Activity 6.5
N Displacingmetals

In this activity you will use four different metals.
and four different solutions of salts. The solutions
are copper sulfate, magnesium sulfate, iron sulfate
and lead nitrate. The metals are iron, lead, copper
and magnesium.

1 Read through these instructions ang prepare
a results table. (You will need to think about
this quite carefully — there are 2 lot of different
results to record.)
2 Pour copper sulfate solution into three tegt tubes
so that each is about a third full. .
3 Adda small piece of iron into one test tube .q¢ i COpper
small piece of magnesium to the second.an(,j Sulfate
small piece of lead to the third test tube, L i

ST e T e T

magnesium |ead

e

() 6 Reactivity . B R ed ..



.. conlinued

4 (I;i)ave the test tubes for a few minutes.
g ! ps:r:e carefully and record your observations.
at steps i i 1
Steps 2 to 5 using magnesium sulfate solution and the three metals
€Opper, 1ron and lead.
Repeat s ing i
7 peatsteps 2 10 5 using 1ron sulfate solution and the metals copper,

A magnesium and Jead.
R : .
ePeatsteps 2 to 5 using lead nitrate solution and the metals copper,

magnesium and iron,

fsafety: Lead is toxic. Do not touch the lead metal with your fingers. Usc
orceps. If you do touch the lead, wash your hands carefully.

A1 How did you know that one metal had displaced another from its salt?

A2 Which metal was the most reactive?
A3 Which metal was the least reactive?

" Mystery/metal

'@

In this activity you have to identify a mystery metal. It is one of the metals from
the reactivity series. You are going to investigate which metal it could be.

Remember your safety!
You do not know what the metal is, so treat it with care and pick it up

with forceps.
Add a piece of your mystery metal to each of the solutions provided, and decide

if a reaction has taken place or not.

Record your observations.
After each test you will be able to cross some metals off your list.

YA4 .‘ ‘\-'.\’hat' do ybu think the mystei’y metal is?
A5 Give your reasons for your answer.

((

Summary. . _
e More reactive metals can displace less reactive ones from

solutions of salts. ‘
o Metals can be identified by observing their reactions.

6 Reactivity @\



place iron from

. il dis
sV . » nium wi
Aluminium is more reactive than iron. Alumi

solid iron oxide if it is heated. ot

iy ‘.ide +HUOR S
aluminium + iron oxide — aluminium 0X ;e reaction.
: . : cothermic I¢ in

This reaction releases a lot of energy. It is an exot roduced i molt'erl @

The temperature gets so high that the iron that ol (l_)j This reaction 15 very

a liquid state). The melting point of iron is 1533 il. (ogethet

useful and is used by railway companies to weld rails y rails

; raﬂVVa
In the photograph you can see the reaction being . ‘1\];;135 are. T
together. Often, rails need to be welded where the ;aﬂwaly ed on the T ails.
iron oxide and aluminium powder react in a container plac d to join the rails
The molten iron produced in the reaction is shaped {md Hse
together. This reaction is called the thermite reaction.  Jjum mixture
In order for the reaction to take place, the iron oxide a{ld alurr.‘lrrl:tl_ntlhis time
has to be ignited. This is done using another exotherfmc ree'léitlsothe energy to
between magnesium powder and barium nitrate. T_hlS provise ‘de
start the displacement reaction between the aluminium and iron oxide.

Welding railway rails ys;
an exothermic reaction,

At
e e s
T e B S e .

Questions v
1 Can iron displace aluminium from aluminium oxide?

Explain your answer.
2 Why is the thermite reaction useful for welding rails?

Displacement using carbon

Carbon is not a metal, but it can be used to displace
some metals from their compounds. Carbon will displace
zinc, iron, tin and lead from their ores. An ore is a rock
that contains a metal compound.

Iron ore and coke
(a form of carbon)
are added.

People discovered that carbon could displace iron
around 3500 years ago. They discovered that iron

ore heated with charcoal (a form of carbon) at very
high temperatures produced molten iron. Today this
displacement reaction is still carried out, but on a large
scale, in a blast furnace.

iron being displaced
from its ore by carbon

Air is blown into the
furnace to burn the
coke and create the
high temperatures

The iron ore is mainly iron oxide. This reacts with
carbon to form iron and carbon dioxide.

iron oxide + carbon —s iron + carbon dioxide

3 The early blast furnaces were lnareas Wﬂériere
were supplies of iron ore and a lot of coal Mining
Why do you think this was? .

‘ Quest

O

ons

A R

molten iron collects
at the bottom
A blast furnace,

(@ 6 Reactivity
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6.6 Using displacement reactions «

@« " In this activity you wi
& Remember ttlzla}tf ciljgilnu\izilfarbon to try to displace a metal from its oxide.
only displace a metal that is less reactive than itself.

Wear safety glasses for both these experiments

Experiment 1

- Pl S
toiiiiisptitglla 05 1€%d 0X1de.1n a container, such as a small beaker. Avoid
2 Adda Sgatulaeaf (LXIde’ but if you do, wash your hands as soon as possible.
3 Place thp - & arcoal powder and mix the two powders together thoroughly.
: € mixture 1n a test tube and heat strongly in a Bunsen flame for
five minutes.
Allow the tube to cool. Tip the cooled contents of the tube onto a heatproof mat.
Record your observations.

LA S

' Questions

A1 Has there been a reaction between the lead oxide and the
carbon? Give reasons for your answer.
A2 If there has been a reaction, write a word equation for it.

A3 What evidence does this experiment give you about the

reactivity of carbon?

= _

Experiment 2 o L

1 Place a spatula of copper oxide in a test tube. »

2 Add a spatula of charcoal powder on top of the copper oxide. Do copper
not mix the powders together. \

3 Heat the two layers strongly in a Bunsen flame for five minutes.

4 Allow the tube to cool and then look carefully where the layers meet. -

5 Record your observations.

g

SRR

it _‘gyestio

TR IR PR S

‘ A4 Has there been a reaction between the copper oxide and
the carbon? Give reasons for your answer.

Ag If there has been a reaction, write a word equation for it.

A6 What evidence does this experiment give you about the

reactivity of carbon? : ) - .
A7 Where would you place carbon in the reactivity series?

Summary. . : .
e Thethermitereactionisa displacementreaction which'can be
s together.

d'to extract some metals from

used to weld railway:line

o Displacement reactions are use

their ores.

6 Reactivity «



6.1

Hana placed five metals in wa

dilute acid. Her observations a ’

re recorde

| Metal

Reactionwithwater  ———

; the gas ignites. : gubbles
Bagnes:um Bubbles of gas are given off. very rapidly'
ction.
No rea ven Off

Laluminium No reaction. ' -
sodium There is a very vigorous reaction- & ‘ :
Sodium gives off bubbles of gas 2 /'/engf/
of gas are gIV

Lgold

(

No reaction. Bubbles of gas aré gi
No reaction. M
very sl0

T o

e . o) sodium.

Name another metal that has a similar re.aCUf)n t acid

Suggest why Hana did not place sodium 11 dilute p ;eactivit}’, starting
Use Hana's results to place the five metals in order o

with the most reactive.

Write a word equation for the reaction :
Write a word equation for the reaction between magnesium

water.

Rafa places a piece of aluminium metal into a test tube of copper sulfate.

copper sulfate

aluminium

A reaction takes place.
"The word equation for this reaction is:

aluminium + copper sulfate — aluminiym sulfate 4+
Copper

a How can Rafa tell that a reaction hag taken place?
b Why is this reaction calle a displacement rezct?e. )
10n;

c

d

He then places some copper into 3 solution f
takes place. Give a reason for this, i

( @ 6 Reactivity
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6.3

6.4

The word cqu

R Padot

st

N\ i .
6 End of unit questions «@J

ations bel ey
OW represent some displacement reactions.

aluminium
copper sulfate —  aluminium sulfate + copper

S S S A ST

A e R

aluminium 2 ;
Joad : lead nitrate — aluminium nitrate + lead
ez N C_‘i)p])cr.sulﬁuc - lead sulfate + copper
Use tl silver nitrate — lecad nitrate + silver
se the word e ions : :
quations to decide which of the four metals — aluminium, coppern, (1]

Igztd' (:jmc.l silver — is the most reactive.
e iy - Il you think there will be a reaction, write the word
Decide if a reaction will take place when iron is placed in a solution of

lead nitr. i . :
ate. If you think there will be a reaction, write the word equation for it.

The following equations show four reactions.

A Farbon + oxygen — carbon dioxide

B iron sulfate + zinc — zinc sulfate + iron

C sodium hydroxide + hydrochloric acid — sodium chloride + water
D magnesium + oxygen — magnesium oxide

Give the letter A, B, C or D of the reaction that is:
i a neutralisation reaction

i1 a displacement reaction
iii a reaction in which a metal oxide is formed
What does the reaction in equation B tell you about the reactivity of the

two metals involved?
When magnesium or zinc metal are placed into dilute hydrochloric acid,

bubbles of a gas are given off.

m/ beaker

COP dilute hydrochloric acid
~ magnesium metal

What is the name of the gas?

(1
(1]

(1]
(1]
2y

[

RY
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