CHAPTER 3

7 Class X yout have learml aboat various elemenids. You have seen
Hhil elemenis can be classilled as melals or non-nwials on the basits of
thetr properties.
o Think of some uses of metals and non-metals nvour datly e,
= What properties did vou think of while categurising elpmenis
as melals or nag-motals?
= How are these properties related (o the uses of Lhese clemenls?
Ll us Jook al some of Lhiese propertles tn deiail.

3.1 PHYSICAL PROPERTIES

3.1.1 Metals

The caslest way (o stari grouping substances bs by comparing their
phiysteal properiies. el us study this-with the help of the followig
aciivilies, Far performing Actvitles 3.1 (o 3.6, collect 1he samples of
foliowing metals — tron, coppor, almnintiun. magnestum. sodium, lead,
zine and any olher metal Lt 15 easily Svaliabie.

Activity 3.1
« Take samples ol oo, mﬁunﬂnﬂuﬁmmdmuymm. Nole
ihe nppétrance of cach swmple.

» Clenn the srfee of each sample by ratstang them with sped paper
i pote ther appearance agan.

Melals, tn-thelr pure stale. have a shining surfiee. This property &s
called motaille tustie.

Activity 3.2

© Tnke smndl pleces of tron. capper. aluminiuon, and magnesiiom,
Try lo cul thesy metals with a sharp &nife and nots your
ubﬂﬂﬂliltﬂ,

. l‘lulgd o plece of sodim metal with & patr ol Longs.
CAUTTION: Always hmndie sodtonm metal with care: Doy 10 by
pressing betwesn the folids of o filter paper.

. Plllﬂcllnﬂt:h—ﬂnﬂlulllrymnduwﬂhahﬂﬂ'

© WL o you obseeee?
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You will (nd thal melals are gimerally hard. The hardness vares
fronmomelal tomedal

Activity 3.3

Tike plleces of o dne. Tend anll copgeer

e any, onn mein] o o block of imn and sitke & four or fhve:
tmwa-mthnmmmm Whint do you absere?
Repoul with other metals

Recond (b change m the shaipe of these metnls:

You will fisdd (hal some metals can be bealen nto thim sheets, This
property 15 called malicability. Did you know that gold and stiver are the
maost malleable melals?

Activity 3.4

¢ Lisi Hae melals whoss winés voo lmmmuﬂy.m:

The ability of melals to be drawn nto thin wires 15 called ductiiy.
Gold 15 the most ductle medal, You will he surprised (o koow thal a wire
of about 2 b length can be drawn frm ool gram of gold.

1t 1s beeguse of el malfcabiny and ductiity that melals can be
given different sliapes aoporting Lo our needs,

Can you name sime metals (st are tsed for muking cooking vessels?
Do you know why these metals are used for making vessels? Lot us do
the following Anitvity o Dod out the answer.

Activity 3.5

— Mt myyr « Tuke an ahnmutmm-mpp:f
wirs. Clomp this wire oo u

Clany) ————
T

I =3yse ik ol sty sinted, as-shown in PIE )
. ﬁ'_ ¢+ Fixa pin fo the free end of the
> ‘wire ustng wis.
o Heot tha wire-with o spiril nmp|
Tl canile or a buromer near the

plane ﬂmhmdnﬁwi
' mdn-ymuhnrunltnrm

* Kole ywrmuuu_u. Dypes,
the metul dire melt?

Tl abovie activily shows Lhial mefals are good copduictiors of leal
‘an] Bave high melting points. The best contuclors of leat are sibver sad
copper. Lead and meroury are comparatively poor conduclars of Treal,

Do melals also conduct eleciniotiy? Lot us Ond out.

Selemoe
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Activity 3.6

& SECop n electrit clreutt i shibvn g 3.2

* Mace the meinl in be (esiod In the clroull
Betwern (erminals A and B as shovwn.

« Does {he bulh glow? Whol dees this mdieate?

) H
You must have secn Uit the wires thal camry ourmentd ?—ln_m sy
I your homes have a coating of pobvwnylellooids (V) U e Testn
or a nibber-lke matertal. Why are electzic wires coated Figure 3.2
with such substances? Metale are gl

Whitt happetts whon metals strike 4 hard surface? Do they prodiee  oomducions of clecrti,
a sonrud? The midals Lhat produce 2 sound on sirlding a hard sorface
are sakl (o be sontraus. Can you now say wiiy sechool bells are made of
metals?

3.1.2 Mon-metals

in e proviows Class voil Have learnl thal Lhere ame very few ioi-metals
as compared (o metals. Some of Lhe examples of non-metals are carbon,
sulphiur, lodine. oxygen. hydrogen, ele. The non-melils are eliher solids
or-gases excepl hromine which 1s a Hoguidd.

Do nop-metals also have physical properties similar to that of metals?
Lt s find out.

Activity 3.7

¢ Cdlledt samples of carbon feodl or gimphittey, sidpirar and iodine.
o Comy out the Activittes 3.1 (o 5.4 and 3.8 with these nin-metals

Compile your observatlons segarding metals and non-metals i Table 3.7,

Table 3.1

Elemenl | Symbal | Type of | Hardoess | Malleakility | Dusiflliy Condasts Samnrily
surface Electricity

on the bises of the observations recorded in Tabie 3.1, discuss the
genersl physieal properties of melals and non-melals o the class, Yoo
musi have cotichided thal we cannol’ group dlements according (o thetr
physical properties alone, as there are momy exeeplions. For example -

1l All metals exoepl mercury oxIst ds saolids al room lemporatime.
InActvity 3.5, you have observed that metals have bigh melilng
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painis bul gilium amnd caestium have very low melling points.
These two metals will mell 0y keep them on your palm.

1) todme s 4 ton-mmetal bul i s lustros.

M) Carbon s a pore-melal (hal can extst in difesenl forms. Eacl
form is called an allotrope. Mamonid. ah allotrope of carbon, 1s
Lhe bardest natural substance knovn and hias a very high melling
and bolling point. Graphite, another allotrope of carbom. is a
corducior of electrioity.

(v Alkall metals (ithiam, sodivm, polassiimm) are so sofl that they
cam be cat with a kmife, They have low densitles and low melting
ity

Elemenis can be more cleariy classilled as melals and non-melals
on the basts of thetr chemical propertles.

Activity 3.8

Take 5 mugneshom 1ihban and some sulphior powider.

Hhurm tse mrygnestum nbbos. Collect the ashes Tirmed i dissobve
iwm by weater.

. Tmtthrmﬂthm!hﬁlﬂnn!&lhhﬂhmdmd.ﬂlw‘ﬁtﬂnﬂm
1 the product fermed oo busning magnestin el or basice?

¢ Now. burn suptor powder: Place # test fube over tie bormimg
mﬁ;taninmﬂcrtﬂmﬁmmwm!ﬂ:ﬂi
wmwnmmr:Mnmmmm

Test Uits soluthn with le mlm!—hum:: prper

Is the medm bt sulphur acklic of bisd?
t:nny mnnuuﬂrdrlhﬂrmmmm?

Ll

- L] i -

Meost not-metals produce acidic oxides when dissolve m witter: On
e otlier hand. most melaks. give rise o basie oxides. You will be lesrming
more Abput these metal oxides in the next section.

Q UESTI1ONS

Cive oo examnple of o miethl whicls
(Ul s 3 Bgudd o ecsim legiiperalioe
i s b emslly ool wiath o kmiie
[HN & the bl comducior of hent
il o poor comehmior of hiea
Expslaln ihie movimmduges Of troslleabide aned doaclile.

3.2 CHEMICAL PROPERTIES OF METALS

We will learn about tw chemical propertics of metals i the following
Seclions 3.2.1 10 3.2:4. For Lhis, collect the samples of ollowing melals=
alumininm, copper, iromn, lead. magnesium, zineand sodium.
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3.2.1 What happens when Metals are bumt in Air?

You have spen tn Actvity 3.8 that magnesium bums inatr with a dassding
white flame. Do-all metals react In the same manner? Let us check by

performing the following Activity,
Activity 3.9

Lﬂlmmmmﬁym&wm
{1t wonid b better #f students wear o

- ﬂuld:uynlltmnmﬂmmhmaimwha pntrﬂrtmpnmtu}*
bivrtnig over o flame. Hepeat with (e other melnl samples.

Coblest the prodoet I formed.

Let the produrts and the metal surfice cool dovwn.

vﬂuuhmﬂhhﬁnmﬂﬂ

Whist flame colour did you observe when the metal bami?

tiow dlibi= the nvedal stiface sppear after burning?

Armnge the metals o the devreasfigg order of thelr Teactivity

townrids oxyiEen.

. MHquﬂhﬂﬂﬂmhﬂm

Alriiost all metals combloe with exygen Lo femm meial oxides,

Melal + Oxypen — Malol exEle

For example, when copper ts heated tnair; 1t combines with oxygen
tey form copper( axide, 2 black oxide.,

2Cu + 0, = Ao

I ICopipes{il] oxaide)
Strmtlariy. alorintiam forms alamintoem oxtde.

AN b 30, — ZALD,
[y Yennnertnanrang]| (ATmEaTn ke |
mﬂtﬂmnt.haphx?..huw:qmmﬂﬂmlﬁwtmhmmdMFadd
Wit luave learmit that metal oxtdes are Basic in natare, But some melal
oxtdes, sich as alumtmum oxtde, zine oxtle show both gefdic gs well as
basi behaviowr. Such metal ogides which react witly both acids as well as
bases (o produce salls amnd waler are known as amphoterte oxddes,
Alurminnm oxade reacts i (he fllowing manner with acids and bases—
ALD, + BHCl - 2AIC1, + 380
Al U FUNal — _E'HRMH + -H U
Senimatm
gl e)

Most metnd exides are Insohuble i water but some of these dissolve
mwater to form alkalis. Sodtum extde and potassiim oxtde dissolve m
water to prodoee alkalis as foflows -

NgOfs] + H Ol — 2NaOHin)
KO + HO0) — 2ZROH{(=G)

Klisinis amact o moeinds ;“"
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Do You Know?

Anodistng 15 a process of lorming & thick oxtde laver of alumintum. Alumstim
develops i thiroxide aver whien exposed to i Thmmmnnﬂummlnm-.lw
reslstanl 1o further corrosion. nmmﬂmmmlbcmmﬁuﬂmhymammu
oxtde layer thicker., During anodising, a clean ahamimtum article 1s made (heanode
unid 1s electrolysed with ditute suiphuric acid. The oxygen gas evolvedat the anode
reacts with aluminiiom lo make a thicker protoctive oxide layer. Thisoxide layer can
be dyed eastly 1o give allminium articles anatiretive Onish

We have observed tn Acttvity 3.9 that all metals do not react with
oxveen al the same rate. Dilfvrent metals show diferenl reactivitles
towands oxygen. Metals such as polussium and sodium react so
vigorously that thiey catch fire ifkept in the open. Henee. Lo protect them
and to preveot accidental Nres, ey are kept immersed b Kerosene ofl.
Al ordiniary lemperature, the surfaces of metals such as magnesiim,

alamininm, #dnc, lead. ete.. are covered with a thin layer of oxide. The

protective oxtde layer prevents the metal Imom further oddation. lron
does not burm on heating but tron fitngs bum vigorously when spriskded
in the fame of the amer. Copper does ot Burm, but the hot melat s
coaled with a black coloured laver of copper{ll) oxide. Stiver amd gold do
nol react with oxygen even at ligh lemperatires,

L /

Aller performing Activity 5.9, you must hive observed (Hal sodiom
i5 Lhe most reactive of e samples of metals Bken here. The redcton of
magnesium s less vigorots imphving Wil 1 s nol as peaclive as sodiom.
But binmning inexygen does not helpas to dectde about the reactivity of
zine, rom, copperor lead. Lot us see some more reactions loarrive at a
eonchision about the order of mactivily of these metals.

3.2.9 What happens when Metals react with Water?
Activity 3.10
CAUTION  Thifs Activily tmeds the teattini’s asstsiance.

» Collect, the namples of (le sampe metals Bs in Activity 3.4,

« Potsmndl pleces: of thie samples seportely m beakers bl Alled:
“witth eold water,

» ‘Which molals reacted with cold waler? Artangie them W the

_ unmugmtnurmmwtmmﬂwm

© Boes any metal start fodiingd affer some) dme?

o Pul U metnls thal Gl ned react with cold witer tn belikers
budf filled, with hot water:

o Far the meats thoy did ooy reaor with ot woier, armoge (e
appariius as shown m g 3.5 and obsenve thetr reaotton with steam.

»  Which mainly did pot react even with steam!

» Armle the metals w e decreastmg order of reactiylty with water.

Selemoe
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Melals react with water and prodiiee 4 metal oxide and hyvdrogen
gas, Metal oxides Wial are soluble th waler dissobee it Lo further form
metal hydroxide. But all meials do not react with water.

Mirial + Woler — Ml oxide + Hydmogg:n
Metal oxdde < Walir — Metal hydroodde

Meolals ke potasstum and sediom reset vislenily with cold waiter. In
case of sodium and potasstum, the reaetion is soviolent and exolbiermie
that the evolved hydmgen tmmediatety catelies fre.

2K[=) + 2H,00) — 2ZROHTa) + H, ek heat enorgy

ANfS) + ZELO{) —» INad] Imm # Mg + vl efibrgy!

Tho reaction of calohmywith waler is tess violenil. The heat evolved (s
nil suffickent for the hydmogen to catch fire.

Cals) + 2H,Ofl) — CSHOH) ) + H Q)

Caleinm stans floating because the bulibles of hydrogen gus formed
stick to the surface ol the metal.

Mamesinm does tiol react with cdld water, I8 reacts with hot water
Lo form magnesiym Hydroxide and hivdrogen. [ also staris Qoating duoe
lo tie Bubbles of hydrogen gas sticking Lo s suarfEce.

Medals Uke aluminium, e and ane do ool eact eltheswitli cold or
hot water: Bt they react with steam to form the metal axtde and hydmgen.

2AYS) + SHOE - ALO (5] ¢ 35

aFe{s] + AH O — Fe,0 fs)+ 4H,(g)
Metals suchi as lead, copper. stiver and gold do not reaet with water al all.

3.2.3 What happens when Metals react with Acids?

You have already leamit il metals meact with acids (o give a salt and
hvdrogen gas.

Klisinis amact o moeinds
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Mol + Dilode ackd — Sall + Hydmgsn
Bt do &l metals react o/ the same manner? Let us ind ol

Activity 3.11

. Collect all the mets) samyili= éxcepl sodium anid potisshiom sgatn.
If ihe samples are tarntshed. rub them plesn with sand paper
CAUTHIN: Do oot take :lmlhun and potassinm as Uiry react
- eveny with eold ‘wiker

Pl the “mﬁ separifely th lest Lubes containtng ditute

. -mrnpm.l Wﬂhhﬂihﬂmnlimwmm
dipped m il neid

Observ the mte of formoton of bubbles corefilly.
mmmwmmmwmmmw
With which metal did you record the highest temperaiune?
Arpingre (e metils o e desrenstig order of tenelivity with' dilte:
acids, . .

Wirile ¢yjuatinns for the redctons of magneshm, ,ﬂll;m'!mtlm. Znc
anel tron with ditute bydrochiortc actd.

Hydrogen gas 15 nol evalved whena metal reacts with nttrie actd, 1018
brcaise HNO, 1s a strong exidising agent. [t oxidises (he T, produced io
wiler amd Usell pets rodated Lo any of e mlmgen addes (N0, NO,
NOL). But magnestim (Mg) and manganese (M) react with very dilule
HRO, 1o evolve H gas:

You must have observed in Activily 3.1 1. that the rate of formation
of bubbles was the fastest 1o the case of magnestum. The reaction was.
also Ui most exotiiermic in Uis case. The reaclivity decreases i the
order Mg >Al =Zn>Fe. in the case of copper, no bubldes were seen il
U Lemiperdtune also remalned umlﬂingl:l This shows that copper dots
nol react with dilute HOLL

Pos
E Aqua regla. (Latin for ‘royal waler]), B*H fﬁﬂl‘l!y;:rﬂrmn:d mixture of coneentraled
= ltydmch]nﬂnaﬂdmm-zm;admumaddmmﬂmunufﬂ.t 11 can dissolve
3| gold, even though netther of these aciis can do o alone. Aqua regia s a highly
9 mmmnmmmdmnmmmmmmmdmmwml
g B J
3.2.4 How do Metals react with Solutions of other Metal
Salts?
Activity 3.12
© Take a clean wire of copper and an ime il
-mmetqwmmnsmuumiurmm smlpitale hnd Wie fqo
‘mall 15 p sclton pi coppern sulpbate pken i jeal tshes [ 304,
« Revord your observations alter 20 mbmtes.
44 Sclemnoe
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« In which lest fube did youy fnd tat o eaction bas occmsd?

© Om whint bitsts cam Viond say LRt it rescidon Bus aclually Giken
place?

« Can you corrilale your ahaervations for the Activities 3.9, 310
bl 3117

- E;l:ll:u.hnldmdmhmnuqmm for the reaction that hns taken
i, ,

© Name the lype of maoilon

Reactve melals can displace less . f =
reactive metals from thetr compaimds o L} '
solistlon or molten form, L

Wi lrve seen i Lhe previons seclions
that all metals are not equally reactive. We 701 e
checked the machivity of varions metals  bon nail
with oxygen. water and aclds, Bul all Cipipine
metals do nol react with these reagenis.  =iphils
S0 we were mot able (o put all the metag ™
samples we had collected In decréasing
order of thelr reactivity, Displacement,
reactons studied in Chapler 1 @ve beller
swidence abiout the reactivity of melals, |t
Is stmple and casy I melal A displaces
motal B from its sohiilon, It s more reactivedhidn 1.

Mt A Sl solution of B —= saltsoinbéon of A&+ Meiol-i

Which metal, copper or fron., 1s more eactive docording Lo your
observalions in Activity 8. 127

e |Likse
wtalyl

'E'IH‘:FH!'I' Wi

Fiea sy it
mi)futinr

.".J Figure 3.4
Reaction of etads with
=it soditinis

3.2.5 The Reactivity Series

The reactivity series 15 a itst of melals ammanged 10 the onder of their
decroasing activities, Afller performing displacement experiments
(Activities 1.9 aml 3.12), the Tollowing serles, (Talie 3.2) known as the
reactivily or activity series has been deviloped.

Table 3.2 Activily series © Relative reactivities of metals
sSdiiym e,

siEoTEINEEDE”
i
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Q UESTTIONS

1 Whv s spavn ®ept inmersod i keresne ol
2 Wrile eqitndbonth for Lhe resctions of
(] o Wil sicam

I cubetiirn axl edoasidom with salir

d Samplen of fowr meainds A B, C and D were (mken moud added 1o the
Followtingg sahalion ane by e The realts aldadtied Move beevi Lilakaled
s lows
st [t e | oppet | e i
A Nermactn 0 [Desplmcement .
A E Sy ,_I NG roisetion -
€ No peactiim N reactibn Mo macton  Didpliceimet
‘B No reactim No Teaction No reaction, | N rescuon
- .

Use e Table obove 1o snswer (he follostngy questions oboul melals
A, B, O amd 1)

I Which s thi most reaclve miolal?
i Wit wonldl vou ohsegve IF B s adiled I & soluolign of Copperi )
uiilpidunte”
(M Arvangte the metals A B Cand 2 i the order’ of Serreasing
rea ity
4 Which gas (3 producesd whent dible Wydroslidogds aeid s added (o a
rezrtive fnlid™ Wrile the chibsucl oot lon whesy fromseacts s dilule
LSO, '
=7 Wiinl wonil] your olwerve whivn ane & athiled o a saluiimn ol ronjll)
tieilplinte? Wrile the chegibeal reactlon Uhal linkes plaed.

3.3 HOW DO METALS AND NON-METALS REACT?

In the abowe activitlies: vou saw the reactions of metals with-a mamber af
reagents, Why do metals react in this manner? Lot us recall what we
Iearmt about the clectronie conflsuralion of eloments in Class X Wo
tearmit that noble gases, which have a completely fllled valence shell, show
Wike chemical aciivilty, We, therefore, explatn the resctivity of elements
#s 3 lenidency Lo allatn a completely (Mied valence shefl

Lot ushiave 4 look al e elecironie conllgursition of nobile gases anid
some melils dnd non-melals. '

We can see [rom Table 3.3 that a sodtum alom has one clectron W lis
olermoest shall. 111 loses the eleciron from is M shell then its L sholl
now hovomes the outemoost shell and that has a stable octet. The miclns
of this atom still has 11 protons but the number of clectons s
becomee 10, so there 1s A nel posiiive chirge giving us & sodium calion
Na'. On e other hand chilorne has seven electrons in s oulermiost slhiell

48 Selemoe

ol el i



Table 3.3 Elpcimnic conllgurations ol some olements

Type of Element Atomic | Number of
element number | electrons in shells
X L ™ N
Nobily gues  Hellum (el 4 8
Neoi' (Ne] 10 2 B
Argn (Ar) 14 2 &5 &
Meials Sodhum {Kal (8] 2 8 1
Migmesanm (M) 5] 2 E 9
nmmnmm (AT} 13 -2 g .3
Potasstim, (K) 19 2 & &8 3
Unlotum (Ca) 240 2 4 H 2
Noti-metals  Nitrugen (NI 7 2 &
Ocygien (O 8 -9 &
Fluartie (F] q o 7 ;
Phosphiona (1) 15 2 s
Sufptur (S| 18 2. w8 &
Chigrtne (1) 17 4. 8 7

arid I reguires onemeote eleciron to osmgiele s oclet. Wsodony and chilore
wiere o reacl. the electron lost by sadium conld be taken up by chiorne.
After gaming an clection, the chiorine plom gets a unit negative charge,
beczinse its nuckeus has 17 protores and there ame 18 electioms i its KL
andd M shells. This gives us a chlonde anton € So both these elements
can have 3 ghve-and-take relabion between thiem as lofows [Flz. 3.5).

N —» Na*#+¢g

281 2.8

| =TT o s

1 o el %
287 284
I e il EOrn |

‘..-"""\-.__‘ L e |
Na + 2Cli—=(¥a") {:'EI :J

Figure 8.5 Firmauiton of sodium chislde

Sodium and chilonde lons, being oppoesiicly charged, attract each
other ini am hicld by strong elecirostatic foroes of allrsotlon o exis @
soidiom chilorde (NaCH, 1 should be noted that sodium chioride does
nol extsl as moleonies bt aggregales of eppositoly charged lons,

Lol vis so¢ the lormation of one more lonle eompoind, magneshim
chlorde (F1g. 3.6).

Klisinis amact o moeinds



Mg—Mg™ + e
% B
IMEene=nrm Silving
Cl b s I
L87 184
ehdomiads o

]

Figure 3.6 ormalton of magriesium chkinde

The compounds formed n s manner by e bansfer of dectrons
from a toetsl to a non-metal are known as lonic compoands of
elecirovalent compounds. Can you name tho eation and anton present

i MeCL?

3.3.1 Properties of lonic Compounds
To leam ibonl the properties of jonle compoutids, let us perform Lhe

flloweingg Activiby:
e Sl
“eurditalbitlog wimygth _ A £ £
_@ Activity 3.13 - -
== | . - kA E— N o . .
SR z R ﬂ'-'- i .I i ‘h vl |y |:I:...I'.' e iyl

mmﬂyﬂlmmmnmmﬂmmmm:
min o of one salt. What did you observe? Test the-
othér st sampills (o0 tn this manger

A Wﬁﬂ fs your tnference about (he notute of Uiese

Table 3.4 Moty anil Bolling poluts of sami jorli compounils

Yomin " Bulllng point
cempenuny =), L8]
NaCl 1074 1886
Cacl, 1045 145040
Cal} 2R50 Fin
Mgy 4yl 1685
43 Bl
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Yon may have ohservidd the folfowtng general properties [Or tonic

componls—

i Physical nature: Iotie compounds are sollds and are somewlial
hanl because ol Hie sirong foree ol altracton betweon (e posiiie
amnd negattve lons. These compounds are generally britile and
break tnto pleces when pressure is applied.

) Meltng ard Bolttng potnts: londe compotneds Trave hiesh melibae
andl bolltng poinis {see Tabie 3.4). This 1s becanse a considerabie
amount of crierpy 18 regutred to break Lhe strong inter-jonlc
dlizprton.

i Solubditty: Electrovalent compounds are generally soluble m
waler arud inspluble in solvenis such as kerosene, petrol, olc.

v Conduction of Electriciiy;, The conduction of electricity thmugh
4 sobution fvolves the movement of charged particies. Asolution
ol anfomle compotind In water contains tons, which move Lo the
oppostle electmdes when elecimiclty 1s pussed through the
solution. londe compounds tn e solid stte do nol conduet
clectriciiy becanse movernent of 1ons e solid s not posstlile
due to their dghd struchure. But lonic compounds econduct
clociricity n the molten state, This is possible in Lhe molten state
since the elerrostalic forres of attrection between the oppoesticly
charged 1ons are overcome dhae (o e beal. Thus, the lons move
freely and conduct electictly,

Q UESTIONS

I M Wriie the electron-idol sirogiores fonogodiom. axypen ool
magnesiam.

(i) Show ihe formation of Ka,Or nnd Mg by the tramier of  declrons
(1] Whal lire (he jonk present G LDiese ceompiandds?
2. Whiy do jotle comfpeiimls luee Dol mslliig) pisdots?

3.4 OCCURRENCE OF METALS

The eartl's crust 18 the major souree of moetals. Seawater ilso contains
sorme soluble salts such as stelium chlonde, manesium chioride, ele.
The elemerils or componmds which occur nalnraily in the carllv's crast,
are known as minerals. At some places, minerals contain a very high

percentage of a particular melal and the metal can be profitably extracted
from 1. These minerals are called ores.

3.4.1 Extraction of Metals

You have learpl about the reactivity series of metals [Taving 1k
lerirwledioe, you can casily undersiand How i metal 15 extracted fom ils
are. Somie midtals are foumd e carth's crust o the free stale. Some
are found tn the form of thelr compounds. The metals at the bottom of
the activity series are the least reactive. They am often found n a free
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stile. For example, gold, stiver, platnum and copper are found tn the
Iree state. Copper and siiver are also foumd m e combined state s
thetr sniphide or oxide ores. The metais al the top of the activity seties
[K. Na. Ca. Mg and Al) are so meactive that they are nover found in
nalure as froe elements, The moetals i e midedle of e solivity seres
Zn, Fe. Ph, ele ) are moderately reactive. They are found m the earth's
crust matnly as oxdides, sulphides or carbonates, You will (ind that
e ores of many melals are oxtdes. This s because oxygen 1s & very
reative clement and is very abmmdant on (o earth,

Thus on the basts of Teactivity, we can group the metals inio the
following thiree categores (Flg. 3.9)— (1) Metals of low reactiviiy: (1) Metals
of mediom reactivity; (14) Motals of gl rescitvity. Diferent lechiifques

are (o be used for obiamning the metals Biling in cach calegory.

Severdl sieps are Involved n the extraciion of pure metal from

ares: A summary of these steps 18 given 1o 2.3, 10, Each siep is
explained i detafl in the following sections,

Ore
.

Crmmrmtration of ore

| ! I
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FeARtiyY ety ATy
Ehecurtitimin o l | l Snahyililile
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Figure 310 Sicps tratolved o thi extraciion of metals [rem oros

3.4.9 Enrichment of Ores

Ores muined from Lhe eanh are usually contaminated with large amounts
of tmpuanittes such as soll, sand. ete, called gangue. The impurities mst
be removed fromm the ore prior o the extracton of the metal, The processes

1
Na
1 ERcrnlysts
L
My
A
n
F
- Hedusilon using
}‘.1 i-thLl.“
Cu
A Found i riulive
Al slie
Aclteity ‘seres and
refitdesdd iy
0
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used for remeoving the gangne rom the ore sre based on the dilferences
between Lhe physical or chemieal. ’J:IT)IJFTﬂE:'l of the gangue and e ore.
Differenil separalion lechniques are accordingly cmployed.

3.4.3 Extracting Metals Low in the Activity Series

Metals iow in the actbily sertes are very ummeactive. The oxides of these
metals can be redieced to medals by heatlng alone. Foresample, cunabar
{HeS) ts an one of mereary. When it 1s healed tnoatr, i 1s first converfed
tnilo mercare oxide [HEO). Mercurice oxdde 1s then reduced L menery

on further licating.
AMPSis) + 0,40 —=2 5 2pOw) + 250,10)
Tt — Lo = O, 9

Stmilarly. copper which ts found as Cu,S tn nature can be oblatned
from LS ore by fust heating tn alr.

2005+ 30, (@ 20y O + 250, (1
20,0 + 05 — P L 5Culs] + SO,48

3.4.4 Extracting Metals in the Middle of the Activity Series

The metals in the middle of the activity series such as (ron, zne, lead,
copper, are moderalely reactive, Thiese amm ustudly present as sulphides
or carbonales tn nature. 11 1S easler to obiain a metal from its oxdde: as
commpared o 1is sulplides and carbonates. Therofore, pror (o modoelion,
the metal sulphitdes and carbomates must be aomverfed Tnto metal
axtdes: The suiphtde ores are converted thto oxtdes by heating strongly
i e presemee ol excess air. This process 1s known as roasting. The
carbonate vres are changed Mo oxkles by heating stronsly in Hmited
afr. This process 1s known as caleination. The chemieal reacton that
lakes place durdng rogsling and calclnalion of zine ores can be shown
as follows—
Roasting

LlnS|s} + 30,10
Calcmation

ZnCO, ) — 24 s vntay « 20,

The metal extdes are then reduced (o the cormespanding metals by
using sultable reducing agents such as carbon, For example, when zine
oxtde 1s heated wilhicarbon, 1L s reduced (o metalle Ane.

Zn0fs) + D) =-Z1s) + COfg)

You are already famillarwith the process of oxtdavon and reduction
explatned n the Arst Chapier Oblatiing mefats from their compounds
18 also a reduction process,

Bestdes vsing carbon (coke) to reduce metal oxides (o metals,
sometimes displacement reactions can also be used, The hghly reactive
metals such as sodinm, calefimm., Alunininm, o, are used as reducing

3 Xln(n ]+ 230 ()
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Migure 3.11
Thermil procoss for

Jotrtrag raxtfceny frocks

Ot ]| =

3.2
Electrolylic mitnirg of copper. The  {hin strip of pure metal s made the calhode. A solution of

vicoirobic is a sohdor of actdfod ocoppacr
arplphunde, The cnodde 1 Gmpure coppaer,
urfrrns, U ontfusdie I .0 strp ) e

Mla—pnyidy

agents because they can dispiace metals of fower msctivity from thieir
compotmids. For example, when mangaese dioxtde 15 heated with
atumintim powder, e following reac Hon takes place -

AMRtL(5) + dAlS) — SMnDdl) = 2AL, (8 + Hiewl

Can vou ldentfy the substances that are goiing oxidised
and reduced?

These displacement reactions are highly exothermic. The
amount of heat evolved 1s so large that the metals are prodoced
im the mollen stale. In Gel U reaction of roniil) extde [Feg)
with aRluminium 15 used to joln rallway tracks or cracked
machine parts: This reaction 1s known as the thermit reaction.

Fe 0L R) +2A15) — 2Fefl) + AL, (M) + Hiral

3.4.5 Extracting Metals towards the Top of the
Activity Serles

The metals hish up i the react vty serles are very resctivie, They cannol

be obtatned from thetr compaunds by heating with carbon. For example,

earbon cannol reduce the oddes of sodium, magpestum, caleium,

aluminhmm, el (o the respective moelals, Thisds hecause Lhese melals

have mare alfinity fer oxygen than carbon. These metals wre oblained

by cleclrolvie reduction. Forexatple, soditirn, magnestom and calcfum
are obtaimed by the cieotrolysis of thelr mollen chilorides. The metals

are depostied at the cathode (the negatively charged clectrodo), whereas,

chlorine ts beraied ai the anode jLhe posttively charged electmode). The
reacilons are -

Al cithode Ni™ +07 - Na
Al Bnode AW - t"lJ | L

Stmilarly, alumbivdnm is obtained by the eleclrobvile reduction of
alumiuium oxide.

3.4.6 Refining of Metals

The metals produced by various reductlon processes
astiyl  described abowve are nol very pure. They cornilatn
Tiggper tmpurites, which st be removed Lo oblain pure metals.
Wit :
PRIy The most widely nsed method for reflnimg nmpure metals

15 electrolytio refining.
Vi y*

Hirvje o= Electrolytic m Many metals, such as copper, Zng,
Tk et LT, TR silver: gold, elc, arg relmed electrolyiically, In

Lthis process, the impure melal is made the anode and a

the metal salt 1s used as an electrolyte, The apparatus s
sel up as shown o Flg 3,12, On passtog the cuiment

coppeT. On paasstig electric curment, pure through the electrolyte, the pure nietal from e anode
copper ts depoittod on the cathode. dissolves into the eloctrolyle. An equivalent amount of purne

k3 4
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mital from the clectrilyle s depostied on the cathode. The soluble
Impairtties go nto the solution, whereas, the Insolubide mpurites sette
derwm at the bottom of the anode and are known as anode md,

QUESTIONS

| kel dhe followingd (erms

1}  Mintsl i) Qe ) Gatigiie
X HWime fn metnbs wineh die ol t pidore i e e sdobe,
| What chemibeal process 1s s for obidabding o metal from s axhls?

3.5 CORROSION

Your have fenrmt the following abionl carmesion in Chapter 1 -
= Siiver artlcles bocome black aller some [ime when exposied (o air.
This ts because I reacts with sulphiir tn the atr (o form & coaling

ol stiver sulplide.

= Coppor reacts with moist carbon dioxide in the air and slowly loses
its shiny brown surfare and gains a green coat, This green

subslance 1s basic popper carbonate,

= lron when expaoseil 1o molst i for 2 1ong tme acquires 2 coating

of 4 brown flaky substance called rist,

Let us (nd out the conditions umder witeh tomn st

Activity 3.14

Thk:lmlmmhmm;ﬂmﬂmnmmﬁﬁ
m each of theme -

. hMMﬂMhﬂqﬂ.ﬂmllﬂ.Mm
wabet i test tube A b cork i

- Pour botled distilled water -t test fube 0, odd
about | mL of off wod cork 1t The oft will floal on
waiter el iﬂﬂﬂitllh“alrhﬂmmlnlh'
waler.

» Pul some nuhydmmmni:lum chipriide In
lﬂl ’h.ﬂu i amd - Anhydrous cileum:

i cilstire, i any, from

.tm-mnlmwmm:mnmmrurmmm
them observe (K13 30135,

You will observe that ron natls rust i lest lube AL
but they do not rust in test (ubes B and C. In the test
tube A, the matls arme exposed (o both atr and water, In
thie test tube B, the ralls are exposed (o only water, ind
thie madls i test tulse © & exposed (o dry atr. Whiat
dhoes tis tell us abowl the comditions under wiich tron
artieles rusi?
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Putegﬂ&hnmaHMlgm.mmmummmhmmmmwm
Jewetiory. I 4s alioved with elther siver or copper to make 10 and. Generally. In fndis.
22 caral gold 5 nsad for muking ornaments, llmﬂmmm upartﬁnlmurgulﬂls
alloyed with 2 parts of elther coppor o siiver. A

3.5.1 Prevention of Corrosion

The rusting: of fron can be prevented by painting, ofling, greasing,
galvamising, chrome plisting. anodistng ormaking alloys,

Galvanisalton is A method of protectng steel and fmon fram rusiing
by coating them with a thin layer of 2ine. The galvanised article 1s
profecied against rustng even i the zine coating 18 broken, Can you
reason Lds oul?

Alloving 1sa very good method of improving the properties.of a motal,
We can got the destred properties by this method. For example, fron is
the most wididy used metal, But 1S never used s pure stale. This is
bicause pure trom 1S very sofl and stretches eastly when hot. Bul, it 1s
mixed with a small amount of carbon (about 0,05 %y, 1 becomes hard
and strong. When tron s mixed with nickel and chrominm. we gel
stainless steel, wiilch s hard and does not msL This, I frofi 1s mixed
with some olher substanoe, its properties change. In fact, the properiies
ol any metal can be changed 1 it is mixed with seame other subsiance.
The substance added may be d metal or 4 non-melal. Analloy is 4
humogeneois mixtune of two or more melals, or 2 melal and a non-
medal, 11 1s prepared by st melting (he primary nutal, and then,
dis=aiving the other clefnimits in i tn definite proparons, it S Uen coobed
Lo Focm lemperatire.

o

Do You Know?

Ik

rMare to Knu#!

Mo of the mttals s mercory, then the slloy s knowtd as an
amalgam. The electrical conductvity and melting point of an alloy is
Jess than that of pum metals. For example, bmss, an alloy of copperand
#Ane (Cu and 20}, and bronee, analloy of copper and Uin (Cn and Sn), are
not good conductors of electricity whereas copper 1s used for making
elecirieal eirenils. Solder, an alloy of lead and tn (Pband Sn). has alow
melting potnl and is vsed for welding electnieal wires logether.

The wonder of anclent Indian metallurgy

The tron pillar near e Quital Minar i Delli wis bull more
mnnlmumngolwummmwkm They i
deviloped & process: which provented tron from rasting, For
its quality of Tust reststance it has beon examtned by sclontists
from all parts of the world. The from pitlar is 8 m high and
welshs 6 lonmes (G000 K.
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Q UESTION S

L. Molallic oahlen ol e, maginesliem il cogrer were henled wilh e
follorenmg. metais

o] e | gt |comer

S mﬂ# il
Copper oxide

L wiitehl arees will you Ond lisplacenent ractims Gdan) phae?

2 Which metnls do nol currods cisiy?

=) What are athovn
‘s What you have learnt |
= | Elemenis can be tlassifled as metalsand non-melals.

= Metals are lustrous, malleabio, du:me and ame goud eonductars of beat and
electricity. They are solids s room lemperatire, except mercnry which ts & lguid.

=  Metils can form postive lons by Tosing clevtroans to tion-melals:

= Meials combine with oxyeen to lem basic oxldes, Aluamtntum oxide and Anc oxido
show the properties of bl basic as woll as dtkdic oxides. These oxides ane known
as ampholeric oxides,

= Difierent moetais have different reactivities with waterand dilode acids.

= Allst of comman melals amsnged i order of tielr decreasing reactivity 1s known
&8 an nelivity series. '

= Melals above hydmgen i Uie ALY series can displice hydmgen from ditute
arids.

=  Amore reactive metal displaces a less reactive telal from s sull sol it

= Metals occur inpiiure as froe elements or in the form of thetr compounds,

asmetallurgy .

_mnfmf_.'laal.

whitch conduots electricity.
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=  The extraction of melals from thetr ores and then refntong them for nse s knowt
An-alioy 15 a homogeneos mixture of two or more metals, or a melal and a

The surface of some motals, such as fron, is romroded when they are exposed (o

moistalr fora long pertod of (ime. This phenomenon 15 Known as comrosion.

Nei-nelals Have properties opposite (o that of metals, They dre nedther malleatde
nar iuctle. They are bad conductars of heat and electricity, exeepl for graphite,




™
= Nop-metals form negatively charged lons by gatning elections when reacting with
mth s,

e | Nonsmetals formoxides wlioh are either acidic or neutral.

= Non-medals do nol displace ydrogen from dilute acfds. They react with ydrogen
(o (orm hydtides.

@ EXERCISES \

+'Which of the following patrs will pive displacement reaciions?
(@) NaCl solubion and coppermelal
(b)  MgECL solution and alummium metal
[€)  FeS, solution snd siver mitul
(d)  ApNO, solution and copper metal,
2. 'Which of {he following methods is suiable for preventing an ivon flj'hlﬂﬂn from
rusiing?
(@) Applytng grease
(b} Applying pamt
()  Applying i coating of zh
(d)  Allof the above.
3. Anclement roacts with exygen o mmntmnpmﬁﬂlﬂﬂl a high melting poini. This
compound 15 also snluble in water. Tho clement s !lkuty i be
) calctum
() rarbom
] sicon
() bom.
4. Food cans are coated with ta and nol with zne becanse
i) mneiscostiter an Hi.
(1) e has 2 higher melting pant than tn,
[ mime s morereactive than tn
() neistess wabtive than .
5. Yo are givers hammer, q batlery, a bull, wires and & switch,
fal  How could you use them o distinguish between samples of metals and
nor-metals?

) Assiss e tsefulness of Lhese esls ) disitnmishine bolssen melals and
Hbg-tmetals,
6. What are amphisteric oxtdes? Give two examples of amphoteri axides.
7. Name lwn metals which will displace hydmgen from dilute actds, and (wo metals
which will npl |

~ S
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8.

B.

10,

1L

13,

14,
15,

16,

In e clecirolylle mitning of 3 melal M. whal would you ke as the anode, e

cathode and e eleeiroiyie?

Pratyush ook sulphur powder on @ spatula and heated 10 Hecollected the gas

evaived by tnverting & test tube over 1L, as shown tn Qe below.

) Whit will be the action of gas on
() modst IS papor?

i  Writo a balanced ehiomical
equaiton for the reaciiomn
Ialdng place.

State lwo ways lo praveril the

Tusitng of tron. = Tient tiilie

What typé of axicdes are lbrmed when

non-metals combdne with oxyien? w i wﬁ:“"

mm 1“Il 1

W) Pl ok i stiver are j T
used to make jewellery,

) Sodium, polassium and
Wihiim are stored tnder ofl.

) Alumintim s 2 highily reactive

- mdlal, veb it 1s used 1o make -
ulensiis for cooking. r = =3
fd) Carbomate and sulphide ares W =P
are msually, oopverted ioto Colleclinn of gas
oxtdes dunng (he process of
extrriion.
Yot st |mmmmemmmmmMm Lrmarnd
I, Eﬁqﬂnmwmmms&ﬂmtmm:mmumﬂnnmmamug Upe vessels.

mﬂﬂmmHIﬂMMl e st of thefr chemtical properties.

A i wymil rlmrln:lmr}nﬂugﬂi # goldsmilh. e promised Lo hring back the
gittler o old nd dull goid’ orntients, An' unsuspecting tady wive a sel of gold
bangles o him which he df 11 & particuldr solution. The banges sparkied
Hke new bt thetr weight s rediced drasticatly. The lady was upsel but alter a
ftle arsumett the man beat 4 hasty reteedl. Can you play the deteotive 1o find
out the nature of the solution he had ised?

Give reasoges Wiy copper is used Lo make Hol walet ks and rol steel fan alloy
oftro).

—— Huiie
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