CHAPTER3
Metals and Non-metals

PR

I n this chapter you have learntabout various elements. You have
seenthat elements can be classified as metals or non-metals on the
basis of
their properties.
Think of some uses of metals and non-metals in your daily life.
What properties did you think of while categorising elements
as metals or non-metals?
How are these properties related to the uses of these elements?
Let us look at some of these properties in detail.

3.1 PHYSICAL PROPERTIES
3.1.1 Metals

The easiest way to start grouping substances is by comparing their
physical properties. Let us study this with the help of the following
activities. For Activities 3.1 to 3.6, collect the samples of following

metals — iron, copper, aluminium, magnesium, sodium, lead, zinc and
any other metal that is easily available.

Activity 3.1

Take samples of iron, copper, aluminium and magnesium . Note
the appearance of each sample.

Cleanthe surface of each sam ple by rubbing them with sand paper
and note their appearance again.

Metals, in their pure state, have a shining surface. This property is
called metallic lustre.

Activity 3.2

Take small pieces of iron, copper, aluminium, and magnesium.
Try to cut these metals with a sharp knife and note your
observations.

Hold a piece of sodium metal with a pair of tongs.
CAUTION: Alwayshandle sodium metal with care. Dry it by
pressing between the folds of a filter paper.

Putit on a watch-glass and try to cut it with a knife.

What do you observe?



You will find th at metals are generally hard. The h ard ness varies
from metal to metal.

Activity 3.3

T ake pieces of iron, zinc, lead and copper.

Place any one metal on a block of iron and strike it four or five
times with a hammer. What do you observe?
Repeat with other metals.

Record the change in the shape of these metals.

You will findthatsome metals ca n be beaten in tot hin s heets. This
property is called m alleability. Did you k now t h at gold a n d silver are t he
most malleable metals?

Activity 3.4

Consider some metals such asiron, copper, aluminium, lead, etc.
Which of the above metals are also available in the form of wires?

The ability of metals to be drawn in to t hin wires is called d u ctility.
Gold is t he most d uctile metal. You will be s u rprised to k now t h at a wir e
of about 2 km length can be drawn from one gram of gold.

It is beca u se of t heir m alleability an d d u ctility t h at metals ca n be
given different shapes according to our needs.

Canyouname some metals th at are u sed for m aking cooking vessels?
Do you know why t hese metals are used for making vessels? Let us do
the following Activity to find out the answer.

Activity 3.5

I_M“““Wire Take an aluminium or copper
o wire. Clamp this wire on a
R o Dree end ofwire stand, as shown in Fig. 3.1.
Pin . .
Fixapin tothe free en dofthe
wire using wax.
Heat t he wire wit h a spirit lam p,
Burner candleoraburnernearthe
place where itis clamped.
Wh a t do you observe after some
time?
Note your observations. Does
the metal wire melt?

Stand ——

Wax

Figure 3.1
Metals are good

The above activity shows that metals are good con du ctors of heat
conductors of heat.

and h ave high melting points. The best con d uctors of heat are silverand
copper. Lead and mercury are com paratively poor conductors of heat.

Do metals also conduct electricity? Let us find out.
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Activity 3.6

Set upan electric circuit as shown in Fig. 3.2.
Place the metal to be tested in the circuit
between terminals A and B as shown.

Does the bulb glow? What does this indicate?

3
Youmusthaveseenthatthe wiresthatcarry cu rrent T— Insert sample
in your homes have a coating of polyvinylchloride (PVC) to be tested
orarubber-like material. Why are electric wir es coated Figure 3.2
with such substances? Metals are good

What happens when metals strike a hard surface? Do they produce conductors of electricity.
a sound? The metals that produce a sound on striking a hard surface
are said to be sonorou s. Ca nyou now say why school bells are m ade of
metals?

3.1.2 Non-metals

In t he previou s Class you h ave learnt th at t here are very few non- metals
as com pared to metals. Some of t he exa m ples of non- metals are carbon,
sulp hur, iodine, oxygen, hydrogen, etc. The non- metals are either solids
or gases except bromine which is a liquid.

Do non-metals also have physical properties similar to th at of metals?
Let us find out.

Activity 3.7

Collect samples of carbon (coal or graphite), sulphur and iodine.
Carry out the Activities3.1 to 3.6 with these non-metals and record
your observations.

Compile your observations regarding metals and non-metals in Table 3.1.

Table 3.1

Element pymbol ype of ardness eability | Ductility Conductlon 5 onority
surface Electricity

On the bases of t he observation srecorded in Table 3.1, disc ussthe
general p hysical properties of metals an d non- metals in t he class. You
must have concluded that we cannot grou p elements according to their
physical properties alone, as there are many exceptions. For example —

() All metals except merc u ry exist as solids at room tem perat u re.
In Activity 3.5, you have observed that metals have high melting
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poin tsbutgallium andcaesium have very low melting poin ts.
These two metals will melt if you keep them on your palm.

(i) lodine is a non-metal but it is lustrous.

(i) Carbon isanon-metal thatcan exist in different forms. Each
for mis called an allotrope. Diamon d, an allotrope of carbon, is
the hardest natural substance known and has avery high melting
andboiling poin t. Grap hite, anot her allotrope of carbon, is a
conductor of electricity.

(iv) Alkali metals (lithium, sodium, potassium) are so soft that they
ca nbe cu twith aknife. They h ave low den sities an d low melting
points.

Elemen ts ca n be more clearly classified as metals a nd non- metals
on the basis of their chemical properties.

Activity 3.8

Take a magnesium ribbon and some sulphur powder.

Burn the magnesium ribbon. Collect the ashes for med and dissolve
them in water.

Test the resultant solution with both red and blue litmus paper.
Is the product formed on burning magnesium acidic or basic?
Now burn sulphur powder. Place a test tube over the burning
sulphur to collect the fumes produced.

Add some water to the above test tube and shake.

Test this solution with blue and red litmus paper.

Is the product formed on burning sulphur acidic or basic?

Can you write equations for these reactions?

Most non- metals prod u ce acidic oxides when dissolve in water. On
the other h a nd, most metals, give rise to basic oxides. You will be learning
more about these metal oxides in the next section.

Q UESTI ON S

1 : Give an example of a metal which
(i) is a liguid at room temperature.
(i) can be easily cut with a knife.
(iii) is the best co nductor of heat.
(iv) is a poor conductor of heat.
2 Explain the meanings of malleable and ductile.

3.2 CHEMICAL PROPERTIES OF METALS

We will lear n abou tt he chemical properties of metals in t he following
Section s 3.2.1 to 3.2.4. For this, collect the sa m ples of following metals —
aluminium, copper, iron, lead, magnesium, zinc and sodium.
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3.2.1 What happens when Metals are burnt in Air?

You h ave seen in Activity 3.8 th at m agnesium b urn s in air with a dazzling
white fla me. Do all metals react in t he sa me m a nner? Let us check by
performing the following Activity.

Activity 3.9

CAUTION: The following activity needs the teacher’s assistance.
It would be better if students wear eye protection.

Hold any of the samples taken above with a pair of tongs and try
burning over a flame. Repeat with the other metal samples.

Collect the product if formed.

Let the products and the metal surface cool down.

Which metals burn easily?

What flame colour did you observe when the metal burnt?

How does the metal surface appear after burning?
Arrange the metals in the decreasing order of their reactivity

towards oxygen.
Are the products soluble in water?

Almost all metals combine with oxygen to form metal oxides.
Metal + Oxygen — Metal oxide

For exa mple, when copper is heated in air, it com bines wit h oxygen
to form copper(ll) oxide, a black oxide.

2Cu + O, —» 2Cu0
(Copper) (Copper(1l) oxide)
Similarly, aluminium forms aluminium oxide.

4A| + 30,— 2Al0,
(Aluminium) (Aluminium oxide)

Recall from Chapter 2, how copper oxide reacts with hydrochloric acid.
We h ave lear nt th at metal oxides are basic in nat u re. Bu t some metal
oxides, s uch as aluminium oxide, zinc oxide, etc., s how both acidic as
well as basic beh avio ur. Such metal oxides which react with both acids as
well as bases to prod uce salts a nd water are known as a mphoteric oxides.
Aluminium oxide reacts in the following manner with acids and bases —

ALO, + 6HCl  — 2AICl, + 3H,0

A|203+2NaOH - 2NaAIO2 + HZO
(Sodium
alumin ate)

Most metal oxides are insolu ble in water b utsome of these dissolve
in water to for malkalis. Sodium oxide and potassium oxide dissolve in
water to produce alkalis as follows —

Na,O(s) + H,0(l) » 2NaOH(aq)
KZO(S) +H Q(I) — 2KOH(aq)
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We have observed in Activity 3.9 that all metals do not react with
oxygen atthe same rate. Different metals show different reactivities
towa rd s oxyge n. Met als suchaspot assium andsodium react so
vigoro u sly th at they catch fire if kept in the open. Hence, to protect them
and to prevent accidental fires, they are kept immersed in kerosene oil.
Atordin arytem perat ure, the surfaces of metals such asmagnesium ,
aluminium, zinc, lead, etc., are covered with a thin layer of oxide. The
protective oxide layer preven tsthe metal from furt her oxidation. Iron
does not b u rn on heating b utiron filings b u rn vigoro u sly when sprinkled
inthe flame of the burner. Copper does notburn, butthe hot metal is
coated with a black coloured layer of copper(ll) oxide. Silver and gold do
not react with oxygen even at high temperatures.

Anodising is a process of for ming a t hick oxide layer of aluminium . Aluminium
develops a t hin oxide layer when exposed to air. This aluminium oxide coat m akes it
resista n tto fu rther corrosion. The resista nce ca n be im proved fu rther by m aking t he
oxide layer t hicker. D uring anodising, aclea naluminium article is m ade t he anode
andis electrolysed wit h dilu te sulp h uric acid. The oxygen gas evolved att he a node
reacts wit h aluminium to m ake a t hicker protective oxide layer. This oxide layer ca n
be dyed easily to give aluminium articles an attractive finish.

J

After perfor ming Activity 3.9, you must have observed that sodium
is the most reactive of the samples of metals taken here. The reaction of
magnesium is less vigoro u s im plying th at itis not as reactive as sodium.
But burning in oxygen does not help us to decide about the reactivity of
zinc, iron, copper or lead. Let ussee some more reaction sto arrive ata
conclusion about the order of reactivity of these metals.

3.2.2 What happens when Metals react with Water?

Activity 3.10

CAUTION: This Activity needs the teacher’s assistance.
Collect the samples of the same metals as in Activity 3.9.

Pu tsmall pieces of the samples separately in beakers h alf-filled
with cold water.

Which metals reacted with cold water? Arrange them in the
increasing order of their reactivity with cold water.

Did any metal produce fire on water?

Does any metal start floating after some time?

Put the metals that did not react with cold water in beakers
half-filled with hot water.

For the metals that did not react with hot water, arrange the
apparatu s as shown in Fig. 3.3 and observe their reaction with stea m.
Which metals did not react even with steam?

Arrange the metals inthe decreasing order of reactivity with water.
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Metal sample  ———

— Hydrogen

Glass-wool
soaked in
water

Burner Stand —— Delivery

Water

tube
/—c_;\

|

Figure 3.3 Action of steam on a metal

Metals react wit h water a n d prod u ce a metal oxide a n d hydrogen
gas. Metal oxides thatare solu ble in water dissolve in it to fu rt her for m
metal hydroxide. But all metals do not react with water.

Metal + Water — Metal oxide + Hydrogen
Metal oxide + Water — Metal hydroxide

Metals like potassium a n d sodium react violently with cold water. In
case of sodium and potassium, the reaction is so viole nt a n d exothermic
that the evolved hydrogen immediately catches fire.

2K(s) + 2H,0(l) » 2KOH(aq) + H,(g) + heat energy
2Na(s) + 2HZO(I) — 2NaOH(aq) + Hz(g) + heat energy

The reaction of calcium with water is less viole nt. The heat evolved is
not sufficient for the hydrogen to catch fire.

Ca(s) + 2H,0(l) — Ca(OH),(aq) + H,(9)

Calcium starts floating beca use the bubbles of hydrogen gas for med
stick to the surface of the metal.

Magnesium does not react wit h cold water. It reacts wit h hot water
to for m m agnesium hydroxide an d hydrogen. Italso starts floatingdue
to the bubbles of hydrogen gas sticking to its surface.

Metals like aluminium, iron a n d zinc do not react eit her with cold or
hot water. But they react with steam to form the metal oxide and hydrogen.

2Al(s) + 3H,0(g) > Al,O,(s) + 3H,(9)

3Fe(s) + 4H,0(g) > Fe,0,(s) + 4H,(9)
Metals such as lead, copper, sil ver and gold do not react with water at all.
3.2.3 What happens when Metals react with Acids?

You h ave already lear ntthatmetals react with acids togiveasaltand
hydrogen gas.

Metals and Non-metals
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Metal + Dilute acid —» Salt + Hydrogen
But do all metals react in the same manner? Let us find out.

Activity 3.11

Collect all t he metal sam ples except sodium and potassium again.
Ifthesamplesaretarnished, rubthemclean with san d paper.
CAUTION: Do not take sodium and potassium as they react
vigorou sly even with cold water.

Putthe samplesseparatelyintesttubescontainingdilute
hydrochloric acid.

Suspen d ther mometers in the test tubes, sothat their bulbs are
dipped in the acid.

Observe the rate of formation of bubbles carefully.

Which metals reacted vigorously with dilute hydrochloric acid?
With which metal did you record the highest temperature?

Arra nge the metals in the decreasing order of reactivity wit h dilu te
acids.

Write equations forthe reactions of magnesium, aluminium, zinc
and iron with dilute hydrochloric acid.

Hydrogen gas is not evolved when a metal reacts with nitric acid. It is
because HNO is a strong oxidising agent. It oxidises the H_produced to
water and itself gets reduced toany of the nitrogen oxides (N,O, NO,
NO,). But magnesium (Mg) and manganese (Mn) react with very dilute
HNO to evolve H gas.

You must have observed in Activity 3.11, that the rate of formation
of bubbles was the fastest in the case of magnesium. The reaction was
also the most exot her mic in this case. The reactivity decreases in the
order Mg > Al > Zn > Fe. Inthecase of copper, no b ubbles were seen and
the temperature also remained unchanged. This shows that copper does
not react with dilute HCI.

Aqua regia, (Latin for ‘royal water’) is a fres hly prepared mixt u re of concen tra ted
hydrochloric acid a n d concen tra ted nitric acid in t he r a tio of 3:1 . It ca n dissolve
gold, even t hough neit her of t hese acids ca n do so alone. Aqua regia is a highly
corrosive, fuming liquid. It is one of t he few reagents t h a t is able to dissolve gold an d
platin um.

J

3.2.4 How do Metals react with Solutions of other Metal
Salts?

Activity 3.12

Take aclean wire of copper and an iron nail.

Put the copper wire in a solution of iron sulphate and the iron
nail in a solution of copper sulphate taken in test tubes (Fig. 3.4).
Record your observations after 20 min utes.
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In which test tube did you find that a reaction has occurred?

Onwh atbasiscanyousay that a reaction has act ually take n

place?

Can you correlate your observations for the Activities 3.9, 3.10

and 3.11?

Write abalanced chemical equation for the reaction thath astaken

Cork ﬂ’

place.
Name the type of reaction.

Reactive metals can displace less
reactive metals from their compounds in
solution or molten form.

We h ave seen in the previou s section s
th at all metals are not equ ally reactive. We
checked the reactivity of various metals
with oxygen, water and acids. But all
metals do not react with t hese reagen ts.
So we were not ableto put all the metal
sam ples we h ad collected in decreasing
order of their reactivity. Displacement
reaction sstudied in Ch apter 1 give better
evidence abou tthe reactivity of metals. It
is simple and easy if metal A displaces

metal B from its solution, it is more reactive than B.

Thread

Test tube
Iron nail
Copper

sulphaie
solution

AN

\ .

1L .

Metal A + Salt solution of B— Salt solution of A + Metal B

Which metal, copper oriron, is more reactive according toyour

observation s in Activity 3.12?

3.2.5 The Reactivity Series

The reactivity series is alist of metals arranged in the order of their
decreasing activities. After performing displacement experiments
(Activities 1.9 and 3.12), the following series, (Table 3.2) known asthe
reactivity or activity series has been developed.

Table 3.2 Activity series : Relative reactivities of metals

K Potassium Most reactive
Na Sodium

Ca Calcium

Mg Magnesium

Al Aluminium

Zn Zinc Reactivity decreases
Fe Iron

Pb Lead

H Hydrogen

Cu Copper

Hg Mercury

Ag Silver

Au Gold \y Least reactive

Metals and Non-metals

Iron nail

Figure 3.4
Reaction of metals with
salt solutions

Test tube
stand

Copper wire

[ron sulphate
solution
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Q UESTI ON S

Iron(ll) sulphate Copper(ll) sulphate Zinc sulphate Silver nitrate

1 . Why is sodium kept imm er sed in kerose ne
0il? 2. Write equations for the reactions of

(i) iron with steam

(if) calcium and pot assium with water

3.Samplesoffourmetals A,B,CandD were takenand added tothe
following solu tion one by one. The res ults obtained h ave been tab ula ted

as follows.

No reaction Displacement
B Displacement No reaction
C No reaction No reaction No reaction Displacement
D No reaction No reaction No reaction No reaction

Use the Table above to answer the following questions about metals
A, B, CandD.

(i)  Which is the most reactive metal?

(i)  What would you observe if B is added to a solution of Coppe r(1l)
sulphate?

(ili)  Arrange the metals A, B, C and D in the order of decreasing
reactivity.

Whic h gas is produced when dilute hydroc hloric acid is added to a
reactive m et al? Write th e ¢ h e mical reaction wh e n ir on reacts wit h dilu te

H,SO, .

What would you observe when zinc is added to a solution of iron(ll)
sulphate? Write the chemical reaction that takes place.

46

3.3 HOW DO METALS AND NON-METALS REACT?

In the above activities, you saw the reactions of metals with a number of
reagents. Why do metals react in this manner? Letusrecall what we
learnt aboutthe electronic configuration of elements in Class I1X. We
learnt that noble gases, which have a completely filled valence shell, show
little chemical activity. We, t herefore, explain the reactivity of elemen ts
as a tendency to attain a completely filled valence shell.

Letushavealookatthe electronic configu ration of noble gases and
some metals and non-metals.

We can see from Table 3.3 that a sodium atom has one electron in its
outermost shell. If it loses the electron from its M shell then its L shell
now becomes the outermost shell and that has a stable octet. The nucleu s
of this atom stillhas 11 proton shutthe num ber of electron s has
become 10, so t here is a net positive ch arge givingus a sodium cation
Na®. On the other hand chlorine has seven electrons in its outermost shell

Science



Table 3.3 Electronic configuration of some elements

Type of Element Atomic Number of
element nu mber electrons in shells

Noble gases  Helium (He) 2 2
Neon (Ne) 10 2 8
Argon (Ar) 18 8 8
Metals Sodium (Na) 11 2 8 1
Magnesium (Mg) 12 2 8 2
Aluminium (Al) 13 2 8 3
Potassium (K) 19 2 8 8 1
Calcium (Ca) 20 2 8 8 2
Non- metals Nitroge n (N) 7 2 5
Oxygen (O) 8 2 6
Fluorine (F) 9 2 7
Phosp hor us (P) 15 2 8 5
Sulphur (S) 16 2 8 6
Chlorine (Cl) 17 2 8 7

and it requires one more electron to com plete its octet. If sodium and chlorine
were to react, the electron lost by sodium could be taken u p by chlorine.
After gaining a n electron, the chlorine atom gets a u nit negative ch arge,
beca u se its nucleu s has 17 proton s and there are 18 electron s in its K, L
a nd M shells. This gives us a chloride a nion C1". So both these elements
can have a give-and-take relation between them as follows (Fig. 3.5).

Na — Na“+e~

2,81 2,8

(Sodium cation )

Cl +e” > Cl™
2,87 2,8,8
(Chloride anion)

./\X xx XX_
Na + xCl x— (Na") [<C1 %
X X

X X

Figure 3.5 Formation of sodium chloride

Sodium and chloride ion s, being oppositely ch arged, attr act each
ot her and are held by strong electrostatic forces of a ttr action to exist as
sodium chloride (Na CI). It s hould be noted t h atsodium chloride does
not exist as molecules but aggregates of oppositely charged ions.

Let us see the formation of one more ionic compound, magnesium
chloride (Fig. 3.6).

Metals and Non-metals
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Mg ——>Mg?" +2e

2,8,2 2,8
(Magnesium cation)

Cl +te” —— CI”
2,8,7 2,8,8
(Chloride anion)
X X
ﬁ§cli .
X X X X
Mg. + —(Mg") |E<§£§J
2

Figure 3.6 Formation of magnesium chloride

The com pou nds for med in t his manner by t he tra n sfer of electron s
fromametaltoanon-metal are known as ionic compounds or

electrovalent compou nds. Can you name the cation and anion present
in MgCl,?

3.3.1 Properties of lonic Compounds

To lear nabou tthe properties of ionic com pou nds, let usperfor mthe
following Activity:

Spatula
containing

sample ACt|V|ty 3-] 3

Take samples of sodium chloride, potassium iodide, barium
chloride or any other salt from the science laboratory.
Whatis the physical state of these salts?

Burner Take asmallamou ntofasample on a metal spatula and

Figure 3.7

heat directly on the flame (Fig. 3.7). Repeat with other samples.
What did you observe? Did the samples impart any colour
to the flame? Do these compounds melt?

Try to dissolve the samples in water, petrol and kerosene.
Are they soluble?

Heating a salt sample on a Make a circ uit as s hown in Fig. 3.8 andinsert t he electrodes

spatula

in to a solu tion of one salt. Wh at did you observe? Test t he
other salt samples too in this manner.

Battery o¢——— . .
JEL? 5, g;}?ch What is your inference about the nature of these
E:. ;j

—

compounds?

Table 3.4 Melting and boiling points of some ionic compounds
[—— Beaker

Graphite rod

—
Figure 3.8

Testing the conductivity of

a salt solution
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Salt solution NaCl 1074 1686
under test Li Cl 887 1600
CacCl, 1045 1900
CaO 2850 3120
MgCl , 981 1685
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You m ay h ave observed t he following gener al properties for ionic

compounds—

(i) Physical nature : lonic compounds are solids and are somewh at
hard beca u se of the strong force of attraction between the positive
and negative ions. These compoundsare generally brittle and
break into pieces when pressure is applied.

(i) Melting and Boiling points: lonic compounds have high melting
and boiling points (see Table 3.4). This is because a considerable
amou nt of energy is required to break the strong in ter -ionic
attraction.

(iii) Solubility: Electrovalent compounds are generally soluble in
water and insoluble in solvents such as kerosene, petrol, etc.

(iv) Conduction of Electricity: The con d uction of electricity througha
solu tion involve s the movement of ch arged particles. A solu tion of
anionic com pou ndinwater con tain sion s, which move tothe
opposite electrodes whenelectricity is passed through the
solution. lonic compounds in the solid state do not conduct
electricity beca use movemen tofion s in the solid is not possible
due to their rigid structure. But ionic compounds conduct
electricity in the molten s tate. This is possible in the molten s tate
since the elecrostatic forces of a ttr action between t he oppositely
charged ions are overcome due to the heat. Thus, the ions move
freely and conduct electricity.

Q UESTI ON S

1. (i) Write the electron-dot structures for sodium, oxygen and
magnesium.
(i) ~ Show the formation of Na ,0 and MgO by the transfer of electrons.
(iii)  What are the ions pr esent in these compounds?

2. Why do ionic compounds have high melting points?

3.4 OCCURRENCE OF METALS

The earth’s crust is the major source of metals. Seawater also contains
some solu ble salts such assodium chloride, magnesium chloride, etc.
The elements or com pou nds, which occurnat urallyinthe earth’s crust,
are known as minerals. At some places, minerals contain a very high
percentage of a particular metal and the metal ca n be profitably extracted
from it. These minerals are called ores.

3.4.1 Extraction of Metals

Youhave learnt about the reactivity series of metals. Having t his
k nowledge, you ca n easily u n dersta nd how a metal is extracted from its
ore. Some metals are foundinthe eart h’scrustinthe free state. Some
are foundin the form of t heir com pou nds. The metals atthe bottom of
the activity series are the least reactive. They are often found in a free
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K s tate. For exa m ple, gold, silver, platin umand copper are foundinthe
Na free state. Copper andsilverare also foundin the com bined stateas
) their sulphide or oxide ores. The metals at the top of the activity series
Ca Electrolysis (K, Na, Ca, Mg and Al) are so reactive that they are never found in
Mg nat ure as free elements. The metals in the middle of the activity series
(Zn, Fe, Pb, etc.) are moderately reactive. They are found in the earth’s
Al crust mainly as oxides, sulphides or carbonates. You will find that
the ores of many metals are oxides. This is beca u se oxygen is avery
Zn reactive element and is very abundant on the earth.
Fe Th u s on t he basis of reactivity, we ca n grou p the metals into the
Reduction using  following three categories (Fig. 3.9) — (i) Metals of low reactivity; (ii) Metals
Pb carbon of medium reactivity; (iii) Metals of high reactivity. Differe nt techniques
Cu are to be used for obtaining the metals falling in each category.
Several s teps a re involved in t he extraction of p u re metal from
Ag Cound in native ores. _A S u_mm a _ry_of t hese s t_eps is g_iven in Fig. 3. 10 . Each step is
A state explained in detail in the following sections.
Ore
Figure 3.9 ¢
Activity series and Concentration of ore
related metallurgy l
! } }
Meitals Metals of Metals of
ol high medium low
reactivity reactivity reaclivity

| | |

Electrolysis of l l Sulphide
molten ore ores
Carbonate Sulphide l

ore ore
Pure metal l l Roasting
Calcination Roasting l
‘ | Metal

Oxide of metal Refining

Reduction 1o
metal

Purification of
metal

Figure 3.10 Steps involved in the extraction of metals from ores

3.4.2 Enrichment of Ores

Ores mined from the earth are usually conta min ated with large amou nts
of im p u rities such as soil, san d, etc., called gangue. The im p u rities mu st
be removed from the ore prior to the extraction of the metal. The processes
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u sed for removing t he gangu e from t he ore are based on t he diffe rences
between t he p hysical or chemical properties of the gangu eandthe ore.
Different separation techniques are accordingly employed.

3.4.3 Extracting Metals Low in the Activity Series

Metals low in t he activity series are very u n reactive. The oxides of t hese
metals ca n be red uced to metals by heating alone. For exa mple, cinn abar
(HgS) is a n ore of merc ury. When it is heated in air, itis fir st converted
in to merc u ric oxide (HgO). Merc u ric oxide ist hen red u ced to merc ury
on further heating.

2HgS(s) + 30 (g) —1eat 52HgO(s) + 2SO (g)
2 2

2HgO(s) —1€8L 5 2Hg(l) + O (g)
Similarly, copper which is found as Cu_Sin nature can be obtained
from its ore by just heating in air.

2Cu.S + 30 (g) —1€aL 52Cu O(s) + 2SO (g)
2Cu,0 + Cu ,8 —Heal ,6cy(s) + SO (g)

3.4.4 Extracting Metals in the Middle of the Activity Series

The metals in t he middle of t he activity series s u ch as iron, zinc, lead,
copper, etc., are moderately reactive. These are usually present as
sulp hides or carbon ates innature. Itiseasier to obtain a metal from its
oxide, as com pared to it s s ulp hides and carbon ates. Therefore, prior to
red uction, the metal sulp hides and carbonates must be converted into
metal oxides. The s ulp hide ores a re converted in to oxides by heating
strongly in the presence of excess air. This process is known as roasting.
The carbonate ores are changed into oxides by heating strongly in limited
air. This process is k nown as calcin a tion. The chemical reaction that
takes place d uring roasting and calcin ation of zinc ores ca n be s hown
as follows —

Roasting

2ZnS(s) + 30 ,(9) —1€8L 527n0(s) + 2SO (q)
Calcination

ZnCo,(s)—1€at . 71n0(s) + CO,(g)

The metal oxides are then red uced to the correspon ding metals by
using s uitable red ucing agents such as carbon. For exa m ple, when zinc
oxide is heated with carbon, it is red uced to metallic zinc.

ZnO(s) + C(s) —» Zn(s) + CO(g)

You are already fa miliar with t he process of oxidation and red uction
explained in the first Chapter. Obtaining metals from their compounds
is also a reduction process.

Besides using carbon (coke) to reduce metal oxides to metals,
sometimes displacement reaction sca nalso be used. The highly reactive
metals such as sodium, calcium, aluminium, etc., are used as reducing
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Figure 3.11
Thermitprocess for
joining railway tracks

Figure 3.12
Electrolytic refini ng of copper. The thin strip of pure metal is made the cathode. A solution of

electrolyte is a solution of acidified copper
sulphate. The anode is impure copper,

agen tsbeca use t hey ca ndisplace metals of lower reactivity from t heir
com pou nds. For exa m ple, when m anga nese dioxide is heated with
aluminium powder, the following reaction takes place —

3Mn O (s) + 4Al(s) — 3Mn(l) + 2Al O (s) + Heat
2 2 3

Can you identify the substances thatare getting oxidised
and reduced?

These displacemen treaction s are highly exot her mic. The
amou nt of heat evolved is so large that the metals are produced
in the molten state. In fact, the reaction of iron(lll) oxide (FeZO)
with aluminium is used to join railway tracks or cracked
machine parts. This reaction is known as the ther mit reaction.

Fe,0,(s) + 2Al(s) > 2Fe(l) + ALLO ,(s) + Heat

3.4.5 Extracting Metals towards the Top of the
Activity Series

The metals high u p in the reactivity series are very reactive. They ca nnot
be obtained from their com pou n ds by heating with carbon. For exa m ple,
carbon cannot reduce the oxides of sodium, magnesium, calcium,
aluminium, etc., to the respective metals. This is beca use these metals
h ave more affi nity for oxygen than ca rbon. These metals are obtained
by electrolytic red uction. For exa m ple, sodium, magnesium and calcium
are obtained by the electrolysis of their molten chlorides. The metals
are deposited at the cathode (the negatively charged electrode), whereas,
chlorine is liberated atthe anode (the positively ch arged electrode). The
reactions are —

At cathode Nat +e~ — Na
At anode 2ClIm —» Cly, + 2e~

Similarly, aluminium is obtained by the electrolytic reduction of
aluminium oxide.

3.4.6 Refining of Metals

The metals prod uced by variou s red uction processes
Acidified described above are notvery pure. They contain
copper imp u rities, which mu st be removed to obtain p u re metals.
SULPHIR L

solution The most widely u sed met hod for refining im p u re metals

is electrolytic refining.
Tank
— Electrolytic Refining: Ma ny metals, s uch as copper, zin c,
MITTHES . . . . .
anode mud) tin, nickel, silver, gold, etc., are refined electrolytically. In

this process, the impure metal is made the anode and a

t he metal salt is u sed as a n electrolyte. The apparat u s is

w hereas, the cathode isa s trip of pure set up as shown in Fig. 3.12. On passing the current

copper. On passing electric current, pure through t he electrolyte, t he p u re metal from t he a node

copper is deposited on the cathode. dissolves into the electrolyte. An equivalent amou nt of pure
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metal from t he electrolyte is deposited on the cat hode. The solu ble
impurities go into the solution, whereas, the insolu ble impurities settle
down at the bottom of the anode and are known as anode mud.

Q U E S T 1 O N S

1. Define the following terms.
(i) Mineral (i) Ore (ili) Gangue
2. Name two metals which are found in nature in the free state.

What che mical process is used for obtaining a metal from its oxide?

3.5 CORROSION

You have learnt the following about corrosion in Chapter 1 —

m Silver articles become black after some time when exposed to air.
This is beca u se itreacts withsulp hurin the air to for m acoating
of silver sulphide.

= Copper reacts with moist carbon dioxide in the air an d slowly loses
itsshiny brown surface and gains a green coat. This green
substance is copper carbon ate.

= Iron when exposed to moist air for a long time acq uires a coating
of a brown flaky substance called rust.

Let us find out the conditions under which iron rusts.

A B C

Activity 3.14 % ( g f E ;

Take t hree test tu bes and place clea n iron n ails

in each of them. «—Air —Air «—Dry

Label th ese testtubes A, BandC.Poursome air

water in test tube A and cork it. <+ Layer

Po u r boiled dis tilled wa ter in test tu be B, add [p;.:‘,';‘,hs

abou t 1 mL of oil a n d cork it. The oil will float on ~air

water and preven t t he air from dissolving in t he -Rusty fiissolving

water. :]r;‘l‘;s water)

Put some anhydrous calcium chloride in

test tube C and cork it. Anhydrous calcium | —

¢ hloride will absorb t h e mois ture, if any, from

the air. Leave these test tubes for a few days and /
then observe (Fig. 3.13). L

Boiled distilled Anhydrous calcium
X A A A water (boiled to chloride
You will observe that iron nails rust in test tube A, — (drying agent)
but they do not rust in test tubes B and C. In the test e
tube A, the nails are exposed to both air and water. In ~ Figure 3.13 o o
the test tube B, the nails are exposed to only water, and Investigating the con ditions under which iron
C ! P y . ' rusts. In tube A, both air and w ater are
the nal!s in test tube Care eqused to dry air. Wh gt present. In tube B, there is no air dissolved
does this tell us abou tthe con dition sunder which iron in the water. In tube C, the air is dry.

articles rust?
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3.5.1 Prevention of Corrosion

The r u s ting of iron ca n be preven ted by pain ting, oiling, greasing,
galvanising, chrome plating, anodising or making alloys.

Galvanisation is a method of protecting steel and iron from rusting
by coating t hem wit h a t hin layer of zinc. The galva nised a rticle is
protected again strusting even if t he zinc coating is broken. Ca n you
reason this out?

Alloying is a very good method of improving the properties of a metal.
We can get the desired properties by this method. For example, iron is
t he most widely u sed metal. Bu titis never used initspurestate. This is
because pure iron is very soft and stretches easily when hot. But, if it is
mixed with a smallamou ntofcarbon (about 0.05 %), it becomes hard
andstrong. When iron is mixed with nickel and ch romium , we get
stainless steel, which ishard anddoes notrust. Thus,ifiron is mixed
with some other su bstance, itsproperties ch ange. Infact, the properties
of any metal ca nbe ch anged ifitis mixed wit h some ot her s u bstance.
The substance added may be ametal oranon- metal. Analloy is a
homogeneo usmixt ure of two or more metals, orametal andanon-
metal. Itis prepared by first melting the prim ary metal, andthen,
dissolving the other elements in it in definite proportions. It is then cooled
to room temperature.

J

.

=

o

c Pu re gold, k nown as 24 carat gold, is very soft. It is, therefore, not s uitable for m aking
~ jewellery. It is alloyed with either silver or copper to m ake it h ard. Generally, in In dia,
> 22 carat gold is u sed for m aking ornamen ts. It meansthat?22parts of pure gold is
>O_ alloyed with 2 parts of either copper or silver.

o -

o

L
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Iron pillar at Delhi
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If one of the metals is mercury, then the alloy is known as an
amalgam. The electrical con d u ctivity an d melting poin tofan alloy is
less th anth at of p ure metals. For exa m ple, brass, a n alloy of copper and
zinc (Cuandzn),andbronze, analloy of copper andtin (Cuand Sn), are
not good conductors of electricity whereas copper isused for making
electrical circuits. Solder, an alloy of lead and tin (Pb and Sn), has a low
melting point and is used for welding electrical wires together.

SEEEEEEEEEEEREREEEAEEEREEEEAEEEE LI

The wonder of ancient Indian metallurgy

The iron pillar near the Qutub Minarin Delhi was b uilt more
t han 1600 years ago by t he iron workers of In dia. They h ad
developed a process which preven ted iron from ru s ting. For
its qu ality of r u st resista nce it h as been exa mined by scientists
from all parts of t he world. The iron pillaris 8 m high and
weighs 6 tonnes (6000 kg).

More to Know!
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Q UESTION S

\

1. Met allic oxides of zinc, magn esium and copper were hea ted withthe
following metals.
Zinc oxide
Magnesium oxide
Copper oxide
Inwhich cases will you find displace men treaction staking place?

2. Which metals do not corrode easily?

3. What are alloys?

ﬁ \

Elements can be classified as metals and non-metals.

Metals are lustrous, malleable, ductile and are good conductors of heat and
electricity. They are solids at room temperature, except mercury which is a liquid.
Metals can form positive ions by losing electrons to non- metals.

Metals com bine with oxygen to for m basic oxides. Aluminium oxide an d zinc oxide
s how t he properties of bot h basic as well as acidic oxides. These oxides are k nown
as amphoteric oxides.

Different metals have different reactivities with water and dilute acids.

A list of common metals arranged in order of their decreasing reactivity is known
as an activity series.

Metals above hydrogen in the Activity series can displace hydrogen from dilute
acids.

A more reactive metal displaces a less reactive metal from its salt solution.

Metals occur in nature as free elements or in the form of their compou nds.

The extraction of metals from t heir ores an dthen refining t hem for u se is k nown
as metallu rgy.

An alloy is a homogeneo u s mixt u re of two or more metals, or a metal and a
non- metal.

The s u rface of some metals, s uch as iron, is corroded when t hey a re exposed to
moist air for a long period of time. This phenomenon is known as corrosion.

Non- metals h ave properties opposite tot h at of metals. They are neit her m alleable
nor d u ctile. They a re bad con d u ctors of heat a n d electricity, except for gr ap hite,
which conducts electricity.

J
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Non- metals for m negatively ch arged ions by gaining electron s when reacting with )
metals.
Non-metals form oxides which are either acidic or neutral.
Non- metals do not displace hydrogen from dilu te acids. They react with hydrogen
to form hydrides.
,
a2 )
Which of the following pairs will give displacement reactions?
(@ NacCl solution and copper metal
(o)  MgCl;, solution and aluminium metal
() FeSO ,solution and silver metal
(d) AgNOjsolution and copper metal.
Which of t he following met hods is s uitable for preven ting an iron frying pan from
rusting?
(@  Applying grease
(o) Applying paint
() Applying a coating of zinc
(d) All of the above.
An element reacts with oxygen to give a compound with a high melting point. This
compound is also soluble in water. The element is likely to be
(@ calcium
(b) carbon
() silicon
(d) iron.
Food cans are coated with tin and not with zinc because
(@  zinc is costlier than tin.
(b) zinc has a higher melting point than tin.
(€) zinc is more reactive than tin.
(d) zinc is less reactive than tin.
You are given a hammer, a battery, a bulb, wires and a switch.
(@ How could you use them to distinguish between samples of metals and
non- metals?
(b)  Assess the usefulness of these tests in distinguishing between metals and
non- metals.
What are amphoteric oxides? Give two examples of amphoteric oxides.
Na me two metals which will displace hydrogen from dilu te acids, and two metals
which will not.
J
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10.

11.

12.

13.

14.

In t he electrolytic refining of a metal M, wh at would you take as t he a node, t he
cathode and the electrolyte?

Pratyu s h took s ulp h ur powder on a spat ula a nd heated it. He collected t he gas
evolved by inverting a test tube over it, as shown in figure below.

(@  What will be the action of gas on
(i) dry litmus paper?
(i) moist litmus paper?

() Write a balanced chemical
equation forthe reaction
taking place.

State two ways to prevent the
rusting of iron.

What type of oxides are formed when
non-metals combine with oxygen?

[ — Test tube

44— Spatula containing
sulphur powder

Give reasons

(@ Platinum, gold and silver are
used to make jewellery.

() Sodium, potassium and
lithium are stored under oil.

()  Aluminium is a highly reactive
metal, yet it is u sed to m ake
utensils for cooking.

(d) Carbonate and sulphide ores
areusually converted into
oxides d u ring t he process of
extraction.

You must have seen tarnished copper vessels being cleaned with lemon or tamarind
juice. Explain why these sour substances are effective in cleaning the vessels.

<4¢—— Durncr

Collection of gas

Differe ntiate between metal a nd non- metal on the basis of their chemical properties.

. A man went door to door posing asa goldsmith. He promised to bring back the
glitter of old and dull gold ornaments. An unsuspecting lady gave a set of gold
ba ngles to him which he dipped in a partic ular solu tion. The bangles sparkled
like new but their weigh twas red uced drastically. The lady was upset but after a
futileargum en tthe man beat ahasty retreat. Ca n you play t he detective to find
out the nature of the solution he had used?

. Give reason swhy copper is used tomake hot wa ter tanksand not steel (an alloy
of iron).
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