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Chapter 3: Metals and Non-metals

ST 3: 4T T T — HYOT A1eH Td AR &t

3.1 Physical & 3.2 Chemical Properties of Metals and Non-metals (%ﬁﬁﬁﬂéwmﬁaiﬁomﬁ)

[EN] Metals are lustrous, malleable, ductile, sonorous, and good conductors of heat and electricity, whereas non-

metals are generally brittle, non-lustrous, and poor conductors (with important exceptions).

[HI] a7qu Twehiett, SmaTaaed, a4, @Teh aUT ST Qd [ed Sl gaTeieh sidl 8, STaich STUTqE A=Id: R d FaTeish sidl &

(Aot sruare afgd) |

Property / faig

Metals, Non-metals & Key Exceptions (English)

YTq, 3TUTq Ud q&d Sraans (@)

Physical Exceptions
(+iforer sraTe)

Reaction with
Oxygen &
Amphoteric Oxides

Reaction with Water

(STet & Ty fomam)

Reaction with Acids
& Aqua Regia

¢ Liquid metal at room temp: Mercury (Hg); Liquid
non-metal: Bromine (Br,).

¢ Soft metals (cut with knife): Li, Na, K.

¢ Low melting point metals (melt on palm): Gallium
(Ga), Caesium (Cs).

e Lustrous non-metal: lodine (l,).

e Carbon allotropes: Diamond (hardest natural
substance) & Graphite (conductor of electricity).

Metal + O, > Metal Oxide (generally basic).
Amphoteric Oxides (I¥aet sifasgs — Al,04,
ZnO0): React with both acids and bases:

e Al,O3 + 6HCI > 2AICI3 + 3H,0

e Al,O3 + 2NaOH - 2NaAlO, (Sodium aluminate) +
H,0

« Cold water (violent/exothermic): 2K + 2H,0 >
2KOH + H, + Heat (catches fire).

» Ca with cold water: Ca + 2H,0 - Ca(OH), + H,
(Ca floats due to H, bubbles).

» Hot water: Mg + 2H,0 - Mg(OH), + H,.

» Steam only (Al, Fe, Zn): 3Fe(s) + 4H,0(g) >
Fe304(s) + 4Hy(g); 2Al + 3H,0(g) - Al,O3 + 3H,.

* Metal + dil. Acid > Salt + Hy 1.

* HNO3 Exception: HNOj3 is a strong oxidising
agent (oxidises H, to H,0); only Mg and Mn react
with very dilute HNO3 to evolve Hj.

« Aqua Regia (8r/Rrs1): 3 : 1 mixture of conc. HCI
and conc. HNOg; dissolves Gold (Au) and Platinum

(Pt).

o TR & dTY WR &9 UTg; URT (Hg); &a 34rg;
s (Brp) |

o TTg ¥ I ST Hepet aTett JoTaH €1qy: Li,
Na, K

o Ul R fUuer arelt a1qy: fiferas (Ga),

HifS (Cs) |

o THCHICT STUTY: TSN, fAEd & garas
JUTg;: ARTSE|

T SifeRITSS TMHId: &TRG B 8§, TR
Al,03 3R ZnO 3t siferaTss & St
3T g &R &l 4 AfAfehar & d1aur g 5
EEIGR

* Na g K 33 51 @ figr foram axd &1
o Cad Mg SIcT R R+ &7 § ifeh H,

& FIget U1 h! g ¥ fKues o gl
o Al, Fe dT Zn thael 19 (steam) & 1Y
foram oz €1

e HNO3 UaieT SifeRiffenRen g1 e RUT H, &l
el # IUART R 3T §; hael Mg 8k Mn
3fd ag HNO3 & 19 H, & &1

« Qe ST (3 HCI: 1HNO3) ER g
AfETH @Y 7T Fehal B

 Reactivity Series (dfshaar fioft): K > Na > Ca > Mg > Al > Zn > Fe > Pb > [H] > Cu > Hg > Ag > Au.
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Reactivity (Activity) Series of Metals

K (Potassium)
Na (Sodium)

Ca (Calcium) -

Mg (Magnesium) +

Al ( inium)

Zn (Zinc) A

Fe (Iron)

Pb (Lead) 1

[H] (Hydrogen)

Cu (Copper)
Hg (Mercury) - |

Ag (Silver)
Au (Gold)

0

2 4 6 8 10
Relative Chemical Reactivity -

Electrolytic Refining of Copper

Anode (+)
Impure Cu

Cathode (-)
Pure Cu Strip

Cu?* jons —

fied CuSOa Solu

Anode Mud (Ag, Au, Pt)

Fig 3.1: Reactivity Series of Metals & Electrolytic Refining of Copper — TYBA Coaching Centre

3.3 Ionic Compounds, 3.4 Metallurgy & 3.5 Corrosion Prevention (3Tafa Jifiie Td argans)

[ENI] lonic compounds are formed by transfer of electrons from a metal to a non-metal (e.g., NaCl, MgCl,).
Metallurgy involves extraction of metals from ores based on reactivity, followed by electrolytic refining.

[HI] &g @ srerq & getagi= & RN & & Gifiiehl ot 3mafch (dgfd Gatsieh) dlfiich dhed &1 SREhl @ g oTg UTed ohe &l ufehar

THH el 81

Concept / uferar

Detailed Mechanism & Equations
(English)

foreqa forenfafe ga aefianzor (&)

1. Properties of lonic
Compounds (3mafe
Tifrenl & 17o1)

2. Low Reactivity
Metals (Hg, Cu)

3. Middle Reactivity
(Zn, Fe, Pb):
Roasting vs
Calcination
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(1) Hard, crystalline solids due to strong
electrostatic force between opposite
ions.

(2) High melting and boiling points.

(3) Soluble in water, insoluble in
kerosene/petrol.

(4) Conduct electricity in molten state
or aqueous solution (free mobile ions),
NOT in solid state.

e Cinnabar (HgS): 2HgS + 30, > (Heat)
2HgO + 2S0,; 2HgO - (Heat) 2Hg + O,.
* Copper glance (Cu,S): 2Cu,S + 30, =
2Cu,0 + 280,; 2Cu,0 + Cu,S »> 6Cu +
SO,.

« Roasting (st — Sulphide ore in
excess air): 2ZnS + 30, > 2Zn0 +
2S0,.

« Calcination (fA¥a1a=T — Carbonate ore
in limited air): ZnCO3 - ZnO + CO,.

e Reduction: ZnO + C » Zn + CO.
 Thermit Reaction (ufife aifaferar —
Railway tracks): Fe,03(s) + 2Al(s) -
2Fe(l) + Al,03(s) + Heat.

1) AoTd (AR TR & HRUT S T FHSR B &
2) Teieh Ud daY-ich 3 gid g

3) st & gemsfiar, foRifm/adte § srgemsfia

4) Fadt i srawT a1 STl faeras § fgga o1 T
Cack!

(
(
(
(

FH srfAfehansfier ergent (RAER HgS, Stk = Cu,S)
% ThISE STIh! i haet arg | T (V5T) ahdh oTg
T Y STl B

o SI: ThIZS 3TAh hl I1g chl SUMRART H 7TH hzm
(2ZnS+30,->2Zn0+2S0,)|

o fFEaTaE: Tt sraeen ot WA arg J T wAr
(ZnCO3~>Zn0+CO,) I

o uffe sifRfeham: Fe,04 + 2A1 > 2Fe(vferd) +
Aly04 (R &t veRat site #) |
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Concept / uferar Detailed Mechanism & Equations e ferenfafe oo aefianvor (f84))
(English)
4. High Reactivity & » Na, Mg, Ca, Al: Extracted by 3= sifafcraneiier argsit @ fseryor ferd FefiRigs &
Electrolytic Refining  electrolytic reduction of molten faga smoae 4 giaT 81 fard sruwest uisaheor 7 $13[g
chlorides/oxides. 4T QIS (+) AT G 9Tg s (-) S St 81

o Electrolytic Refining: Impure metal =
Anode (+); Pure metal strip = Cathode
(-); Salt solution = Electrolyte.

5. Prevention of Painting, oiling, greasing, Galvanisation S & §41a: Ue, ¥, g2rediud (Galvanisation — &g
Corrosion & Alloys (coating iron with Zinc), chrome plating, o= fSieh &t u=a) dor fAeng dae (Cu+2n), i
anodising, and alloying. (Cu+Sn), gieex (Pb+Sn)1

Alloys: Brass (Cu+Zn), Bronze (Cu+Sn),
Solder (Pb+Sn — low MP for welding
wires), Amalgam (Hg alloy), Stainless
Steel (Fe+C+Ni+Cr).

NCERT Intext Questions & Complete Solutions

TGRS UToTTd WL UF Tt fgmedt get

Intext Pages 40, 46 & 49

[Question - EN] 1. Give an example of a metal which is: (i) liquid at room temp, (ii) easily cut with a knife, (iii) best
conductor of heat, (iv) poorest conductor of heat.

2. Why is sodium kept immersed in kerosene oil?

3. Write equations for: (i) iron with steam, (ii) calcium and potassium with water.

4. Why do ionic compounds have high melting points?

[91%1 - HI] g8 40, 46 T4 49 & UTaTd U

[Answer - EN] 1. (i) Mercury (Hg), (ii) Sodium (Na) / Potassium (K), (iii) Silver (Ag) / Copper (Cu), (iv) Lead (Pb) /
Mercury (Hg).

2. Sodium is extremely reactive and reacts vigorously with oxygen and moisture in air catching fire; hence it is
stored under kerosene oil.

3. (i) 3Fe(s) + 4H,0(g) > Fe304(s) + 4H,(9); (i) Ca + 2H,0 - Ca(OH), + Hy; 2K + 2H,0 - 2KOH + H, + Heat.
4. Because a large amount of energy is required to break the strong inter-ionic electrostatic attraction.

[S<R - HI] 1. (i) urT (Hg), (i) @@= (Na), (iii) R (Ag), (iv) @1 (Pb)|
2. Gifsam srdd sifafthansiiet & ofk ot & Wawt TR 31T Uehs ol 8, 34feIY 38 fohdifA a1 & gaitene 3@ &1
4. Rudia Smafra =t & i ASTgy SidR-afAeh STeRyUr a1 aht diee & folg S1fdies it et srrasaend it &

Intext Pages 53 & 55

[Question - EN] 1. Define mineral, ore, and gangue.

2. Which metals are found in free/native state in nature?

3. What chemical process is used for obtaining a metal from its oxide?

4. Name two metals which can displace hydrogen from dilute acids and two which cannot.

[91%1 - HI] g8 53 Td 55 & U167d U

[Answer - EN] 1. Minerals: Natural elements/compounds in Earth's crust. Ores: Minerals from which metals can
be extracted profitably. Gangue: Earthy impurities (sand, soil) in ores.

2. Least reactive metals: Gold (Au), Platinum (Pt), Silver (Ag), Copper (Cu).

3. Reduction (using carbon, aluminium, or electrolysis).

4. Can displace H,: Zinc (Zn), Magnesium (Mg); Cannot displace H,: Copper (Cu), Silver (Ag).
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[S¥R - HI] 1. 3[utél # urepfaas ¥4 ¥ UTY ST aret dea/Afites @fst dgard €; o9 erg arive w0 9§ fFAaaredt Sig 3 s §; ot
3iIfgar 7 (Gangue) gl g1
2. QT (Au) 3R @fead (Pt) Tdst a1 & UTe Sid 8

NCERT Textbook Exercises — Complete Step-by-Step Solutions
TG AT & At weit & Fqut fgwrdh gt

Exercise Q1,Q2, Q3,Q4 & Q5
[Question - EN] Q1. Pair giving displacement reaction? Q2. Preventing iron frying pan from rusting? Q3. Element
forming high MP water-soluble oxide? Q4. Food cans coated with tin not zinc because? Q5. Distinguishing
metals & non-metals using hammer, battery, bulb, wires.
[31%1 - HI] 3 U 18 5 & Iq0f go:
[Answer - EN] Q1: (d) AgNO5 solution and copper metal (Cu is more reactive than Ag).
Q2: (c) Applying a coating of zinc (grease/paint burn on heating a frying pan).
Q3: (a) Calcium (Ca) [forms CaO, high MP, dissolves in water to form Ca(OH),].
Q4: (c) Zinc is more reactive than tin (zinc reacts with food acids).
Q5: (a) With hammer, metals beat into thin sheets (malleable) while non-metals break (brittle). In battery-bulb
circuit, metals glow the bulb (conductors) while non-metals do not (except graphite). (b) Physical tests are useful
and non-destructive, though chemical tests are more definitive due to exceptions like graphite.

[S¥R - HI] Q1: (d) AgNO; feta e shiuR o1 | Q2: (c) fSieh Y wrel weTe | Q3: (a) HfRrH | Q4: (c) i, A @ eifa
sifaferanefier 81 Q5: 822 @ dierd R uTqy 91eR & a8 (Smaraaed) JuT uRuY & Jod STerdt g (Farer) |

Exercise Q6, Q7, Q8, Q9, Q10 & Q11
[Question - EN] Q6. Amphoteric oxides & 2 examples.
Q7. Metals displacing / not displacing Ho.
Q8. Anode, cathode, electrolyte in refining of metal M.
Q9. Action of gas from burning sulphur on dry/moist litmus.
Q10. Two ways to prevent rusting.
Q11. Oxides of non-metals.
[s1%1 - HI] 3707 U%f 6 9 11 & Tgof &a:
[Answer - EN] Q6: Metal oxides that react with both acids and bases to produce salt and water; e.g., Al,03 and
ZnO.
Q7: Displace Hy: Zn, Mg; Do not displace H,: Cu, Ag.
Q8: Anode = Thick block of impure metal M; Cathode = Thin strip of pure metal M; Electrolyte = Acidified

aqueous solution of a salt of metal M.
Q9: S(s) + O,(g) = SO5(g). (i) No action on dry litmus; (i) Turns moist blue litmus red (forms H,SO3).

Q10: Galvanisation (coating with zinc) and Painting/Qiling.

Q11: Acidic oxides (like CO,, SO,) or neutral oxides (CO, H,0).

[S¥R - HI] Q6: 31 T &Reh a1 & fohdll oz aret sifarge IWauH! hgelld 8 (AlpO3, Zn0) | Q8: TS = LG UTg M, Hals =
IS UTg M I ugl, fagga sraued = 91g M & &a0T &l Siiciid faera 1 Q9: SO, 9 3ire et feiend &t &fret e it 81

Exercise Q12,Q13, Q14, Q15 & Q16

[Question - EN] Q12. Give reasons: (a) Pt, Au, Ag for jewellery; (b) Na, K, Li under oil; (c) Al used for cooking
utensils; (d) Carbonate/sulphide ores converted to oxides.
Q13. Cleaning tarnished Cu vessels with lemon.
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Q14. Chemical differences between metals & nhon-metals.
Q15. Fake goldsmith solution (Aqua regia).
Q16. Why Cu is used for hot water tanks and not steel?

[1%1 - HI] 31 U 12 9 16 & 9q0f ga:
[Answer - EN] Q12: (a) Highly lustrous, malleable, ductile, and least reactive (do not corrode). (b) Extremely
reactive with air/moisture and catch fire. (c) Forms a protective layer of Al,05 and is a good conductor of heat. (d)
It is much easier to reduce metal oxides to metal than sulphides or carbonates.
Q13: Tarnished copper has a basic coating of CuCO3-Cu(OH),. Acid (citric/tartaric acid) in lemon/tamarind

neutralises and dissolves this basic layer.
Q14: Metals form basic/amphoteric oxides, lose electrons (electropositive), and displace H, from acids; Non-

metals form acidic/neutral oxides, gain electrons (electronegative), and do not displace H, from acids.
Q15: The man used Aqua Regia (3 parts conc. HCI : 1 part conc. HNO3), which dissolved the outer layer of gold

bangles, reducing their weight.
Q16: Copper does not react with cold water, hot water, or steam, whereas iron in steel reacts with steam (3Fe +
4H,0 > Fe304 + 4H,) and corrodes.

[S¥R - HI] Q12: (a) & sifaifchansiiar a amahlett; (b) gar/a+t # 31 uehs ddt §; (c) Al,O ol &ft IRd @ o1 areids; (d)
RIS T YT el U=A AT &1 Q13: g &1 3 didl hl &Y 84 R it a1 81 Q15: Qe Awam (3 HCI : 1THNO3) |
Q16: iR 99 § rfAfehar T8t swar Stafh gt v @ fohar e «ar &
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