











Physical Properties of Metals

(emq3it & afifd<s IqoT)

Hardness Lustre
The resistance of The shiny surface of
metals to deformation metals that reflects
and scratching. light.

Ductility Conduction

Metals’ ability to be

_ _ Metals’ ability to
drawn into wires.

conduct heat and
electricity efficiently.

Malleability

The capacity of metals
to be hammered into
thin sheets.




[1] Lustre (TABEIE &)

= Metals have a shiny, reflective surface. | &3 &1 Adg Dl 31 Udhrel Ueldfdd el dlot gid! gl

= This property is called lustre. | §& I[UT &I THAD (Lustre)' D&l HTdT gl

= Free electrons on metal surface reflect light, giving them a glossy look. | & &l &dg Ue HAIUG Hh Scoariol Udblel ol Ueidfdd dhed & fadd

ag dADBGIE fewng ot gl
= Freshly cut or polished metals appear bright and mirror-like. | STaT-o1AT dIC AT Yifcyel faT IT &1q §€d TdDere 3T gUuT vieft foadl g




[1] Lustre (AHABCIE Elell)

Examples (3cTg20T):

= Gold (&) — Highly lustrous and attractive metal. | 3(cfelh THABIE 32 HTHH b &Ndl

= Silver (TMCT) — Best reflector of light. | UdbTel &l ddd 3HTHT Ueldddb|

= Aluminium (BefATST) — Shiny, light metal used in foils. | TADEIE, bl & Tl Blges 3HTfe H Uh gl 8|




[1] Lustre (TABEIRE )

X Exception (3UdIq):

= [ron (1T — Shiny when fresh, but rusts due to moisture. | 51T &l U2 ADEIE &ldT g, dfdhel ol & BI2UT I UL G 3IT Tl &l

= Rusting reduces lustre of iron over time. | 19T &JTal & HAY & HTR Blg bl Db b &l oild] &l

= Hence, iron is painted or galvanized for protection. | SAfGT &lg bl defeld ddal &b AT 3G U2 Uce T JodalrsfAdn bl Ardt gl




w [2] Malleability (3TaTdaezdr)

= Malleability is the ability of a metal to be hammered into thin sheets. | 3TETdaedT dg I[0T & fA&H &1 bl e (gells! 3H1fe) ATThE Udd!

dTeal F gSoaT ofl dchdl

= It means metals can withstand hammering without breaking. | ST 31ef € fob €T TIe &g ddhdl g 31 gt olgl &l

= This property is due to the arrangement of metal atoms in layers. | Tg 0T &Tq o> YZATIH] chl UZdcle Hedall & hIguT EldT 8l

= Malleable metals are used to make foils and sheets. | 3TaTdae T3 BT YT Yosdl (foil) 31T AT (sheets) Follal A fa T AT 8l




= [2] Malleability (3TaTdasddr)

Examples (3GT&20T):

= Gold (&Tell) — Can be beaten into extremely thin sheets. | & §&d Udo! dlcel 3 §6o3T Al AobdT &l

= Silver (Ticl) — Also highly malleable. | Tg &ft 31l 3memaas gl

= Aluminium (Te=fAZE) — Commonly used in kitchen foils. | ST YT T&Tg hl BT Sollal A gdT &l




w [2] Malleability (3TaTdaczdr)

X Exception (3fUdIq):

o Zinc (TT&dT) — Not very malleable, breaks on hammering. | 3ifeld 3aTdasdf o7&l g, geilst Aol Ue & ddhdl gl

= Lead (HTAT) — Though soft, it is not properly malleable. | Tg sTed & cfdrel Hal ATl A 3MeTddef ofal gl



w [3] Ductility (dsdT)

= Ductility is the ability of a metal to be drawn into thin wires. | doddl dg I[UT & fAdH &q ol Eidahe Udes drel & gl uil dohdl &l

« |t means a ductile metal can be stretched without breaking. | 3fd dod &1 &1 dis faelT &dT HHiar T dhdT &l

= This property arises due to the strong metallic bonds between atoms. | Tg I[UT &Tq o UZATU3T & T AT eMfcdh delf o hIeul gdT &l

= Ductile metals are widely used in electrical wiring and cables. | do< M3 T 3T fagld dTel 3¢ ha! H ¢ UdTal Ue gidT &l



w [3] Ductility (dsdT)

Examples (3cTg2ul):

= Gold (&lell) — Highly ductile, can form wires thinner than human hair. | 3(cfeleh dod, a3 & 3 Ude dIe §allC ol dobd &l

= Copper (dIdT) - Excellent electrical conductor, widely used in wiring. | 255 fag[d dTcsep, ATl A Had 3ifelcs IUANIT gl 8|

e Aluminium (TefAfeder) — Lightweight and ductile, used in power cables. | €T 3¢ dod, UTde e o] A Uh gldT gl



w [3] Ductility (dsdT)
@ Ductility Ranking (2fa591):

= Gold > Silver > Copper > Aluminium | &1alT > Ticl > dldT > TofAfolda

Gold is the most ductile metal. | dTelT A& Hfefdh dod Sﬂ?j%l

¢ Temperature Effect (ATUHATS UHTd):

= Heating increases ductility in most metals. | 3ifefdbde eMq3il o I el U2 doddl Sadt &l

That's why metals are heated before wire drawing. | 88T dTIe dollal & Uges &1 bl ITH fobdT ATdT 8|



w [3] Ductility (dsdT)

X Exceptions (3{UdIq):

e Zinc (TT&dT) - Brittle and breaks on stretching, not ductile. | 89[¢ g1dT &, &tdal US ¢edl g, dod oig! &l

e Lead (&HIAT) - Though soft, lacks true ductility. | 5T glol & STduIG sdd dl&diddd doddl olgl gldl|

= Non-metals (3feTq) like sulphur or phosphorus are brittle and not ductile. | JT€[db 371 BIThITH dd e 3HJC gld & 3fI¢ dod oigl|



= [4] Conductivity (AT dI)

= Conductivity is the ability of a substance to allow the flow of electric current or heat through it. | TTe3cbdl dg I[UT & fAdd ohig Ueref fagd

SITET AT HSHT Db 3Tl ATETH & Udifed &lol ¢dT &l

= In metals, free electrons carry energy from one point to another. | &3 & Hch schaglel T RITel & Gele TRITal ddb Hull o dlld gl

= Hence, metals are good conductors of electricity and heat. | 5T STAU 31 fAg[d 3iIe FHAT UTesh &ldl 8l

= Conductivity makes metals useful in electric circuits, cookware, and industry. | Tc3ehdT & BT &TqU fagd dfdhe, ddof 3¢ Jenan & Iuivft

gl gl



= [4] Conductivity (AT dI)

Examples (3cTg2ul):

o Silver (didl) — Best conductor of electricity, but expensive. | Had 3BT fAg[d AT, SSfdbol A

= Copper (dIdl) — Widely used in electrical wiring. | fag[d arafeIr & grad 3ifeleh IUAIT €T 8|

= Aluminium (CefATSTH) - Lightweight and good conductor, used in power cables. | §¢hT 312 3BT UTerdh, UTde dba sl A TT gdT &l



= [4] Conductivity (ZIT5hdT)

@ Conductivity Ranking (dTeadhdl ohd): | Material | Resistivity o (ohm m)
= Silver > Copper > Gold > Aluminium > Zinc > Iron > Lead | Silver 159 x 107
Copper 1.68 x 10
gl > dIdT > Elell > TR > TedT > Aigr > & Copper, Annealed 172 x 10°
| Aluminium | 2.65 x 10
 Tungsten | 5.6 x 10°
@ Types of Conductivity (ATHHAT & UBIR): ror 271 x 107
Platinum 10.6 x 10
= Electrical Conductivity — Flow of electrons. | fag]d T3 dl — godalell obl UdTgl Manganin 48.2 x 10°
| Lead | 22 x 10®°
= Thermal Conductivity — Flow of heat. | HHTT ATchebdT — FHOHAT BT YdTE] p— S
Nichrome (Ni.Fe.Cr) | 100 x 10°®
Constantan 49 x 10°®
Carbon™ (graphite) 3-60 x 10
Germanium” | 1-500 x 10°
Silicon” 0.1-60
GGlass | 1-10000 x 10°
Quartz (fused) 7.5 x 10"

Hard rubber 1-100 x 10




= [4] Conductivity (JTc5dbdT)

X Exceptions (3UdIq):

= Lead (HIAT) - Poor conductor of electricity. | fAg[d T BHaARE ATBD |

o Mercury (UTeT) - Liquid metal but less conductive than copper. | e &Tq gd g€ aff dld & ol T3 |

© Among Non-Metals (3TETJ3T H):

= Exception: Graphite (a non-metal) conducts electricity due to free electrons. | 3UdIG: AWBISE (TH HETq) Hh sdagloll o> DIl fag[d bl

JdTodol dhedl el







w [5] Hardness (FoledI)

= Hardness is the ability of a material to resist being scratched, cut, or bent. | 1Al dg I[UT & fAHA Dblg Ucref Teidal, dhlcal UT Hgal b

Ufdeiel dhedr &l

= Hard metals do not deform easily under pressure or force. | HoI2 alclfi GATd T 93 o Ud

[ 3 3TeATet F fddhd oTgl gl

= This property depends on atomic structure and bonding strength. | Tg J[0T AU b Hedell 3¢ §¢f &l dicbd Ue fatafe dhedr &l

= Hardness is important for tools, machines, and construction materials. | hoIedr 3Tl @

el

Teffall 3 foiarfor Arereft & T 3rcdd 3maedds Ul



w [5] Hardness (Goledr)

X Exceptions (3UdIq):

= Sodium (FHIfFTA) - A metal but very soft; can be cut with a knife. | &Tq gd g€ aff 9gd sied; ITdh & Il Al HbdT gl

= Potassium (Aefelat) - Soft and reactive metal, also cuttable. | 51241 31 3ifAfdarefies e, & aff shreT A1 dobdT 8|

= Lead (FHET) - Soft and malleable, low on hardness scale. | ST¢A d ATATdded, Boledl H foldel e UL




w [5] Hardness (FoledI)
@ Mohs Hardness Scale (AT ®aledr 4aTe):

9ol & 5T U7 EldT &

= Used to compare relative hardness of materials. | faféleot Uerelf &bt 3MUfeloh oledT i <

= Talc = 1 (softest), Diamond = 10 (hardest). | ¢ob = 1 (Tad o1eH), &Il = 10 (Tdd Hole)|



= [6] Sonority (eafsterfatar)

= Sonority is the property of a substance to produce a ringing sound when struck. | £afae/fddT dg I[0T & fAdH i uqref dle Tl U2 Hcl

oTeft 3mare (I[oT) 3ol dhedT &l

=~ Metals are sonorous, meaning they produce a clear, ringing tone. | &MU eafaiefaff gt g, srefd 9 ease 3i1e IJuidt g8 3imaTe fadhreadt &

= This property is due to the tightly packed structure and elasticity of metal particles. | Tg I[0T &Tq DHUTI ch! Tl Tl 3¢ DI (elasticity)

b HI12T &ldT &l

= Sonority makes metals useful in making bells, gongs, and musical instruments. | edflelfddr & HIEUT STAU Tel, TfSmes 3iie drer T4l & U]

gl gl



= [7] Density (UeTcd)

= Density is the amount of mass present in a unit volume of a substance. | Telcd dg AT & I fabeft eref o Tehab 3iTadel (volume) & 3ufld

G dATel (mass) Dl gerfdr gl

= |t tells us how tightly matter is packed in a material. | g gd1dl ¢ fos fdeft ueref & ot fdsdef! deredr & Ueh gl

= Mathematically: Density = Mass [ Volume | JTOTdTT &2 Tolcd = GoddiTel [ 3TIdo

= Metals generally have high density due to tightly packed atoms. | &Tq3{T & Helcd dTATeAd: 3ifeldh EdT & ailfds 3oTdh USHTU] HEol &U & Udh

gla %:| Density of Cork < Wood < Metal
i i -
Water Water Water
m : mass

density —zp —
= ‘ ? gt volume



@ 1. Units of Density (ToTca ﬁmszﬁ)

= g/cm? (grams per cubic centimetre) for solids. | 31 Uerafl o fe5T AT Ufd ol dctdlee!

e kg/m? (kilogram per cubic metre) in Sl unit. | TH.31Ts. Shls & faeaI9ITd Ufd e dicel

@ 2. Practical Uses (ATdgIfes 3UAIN):

= High-density metals — for machinery, weights, construction. | 3= "alcd dTet eTqC Fefferdl, aie 3iie foratfor A

= Low-density metals — aircraft, transport industries. | d Telcd dT31 &MC fddATel @ Ufddgel 39l A

Density of Cork < Wood < Metal
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@ 3. Density Comparison (HcTcd q5ell):

(N

= Gold > Copper > Iron > Aluminium > Sodium | &lell > dldT > BIET > TR > ANfSTHA

(N

Gold is dense and valuable; aluminium is light and economical. | Vel Tall d hidd! 8; TefA oI gohT 31 dedll

Density of Cork < Wood < Metal

W W
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il ™~ W ool T N
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IT1ASS
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- ‘ ? <% volume




= [8] Melting & Boiling Points (IT&6le 31T TP )

= Melting point is the temperature at which a solid turns into liquid. | ITc3aTich dg diddTel & fold Ue ohig old Uclef gd A decadr &l

= Boiling point is the temperature at which a liquid turns into vapour. | daelslich dg diUdTel g fad U oblg ¢d arsd & ufdafdd gidr gl

= Metals generally have high melting and boiling points due to strong metallic bonding. | &Tq3M & ATATAd: 3 Ic5elich 31T delelich gld 8

s 3oTd efTfcdh defel Aulgd gld &l

= These properties help metals withstand heat in industrial and kitchen use. | & I[0T &T3{T &1 FHEAT &gal bal T Folld g, Ad bIeElall 32

Zdls Al




= [8] Melting & Boiling Points (IT&6le 31T TP )

Examples (3GTg20T):

= Tungsten (€3T&Cal) - Highest melting point among metals (~3422°C). | &3 & dad Hfefah I5oTib|

=— High melting point (~1538°C), used in furnaces. | 3& Jc5alich, AT A T

= Copper (dIdl) — Melts at 1085°C, used in wiring and utensils. | 1085°C U fUgedT &, d1e 3i1¢ ddell A 3u|




= [8] Melting & Boiling Points (IT&6le 31T TP )

X Exceptions (3Udlq):

= Gallium (SIfSTA) - Melts at ~29.8°C; can melt in your hand. | dbd g1 ohi I A figes dhdr &l

= Cesium (EifSTdT) - Low melting point (~28.5°C), reactive. | §gd d Icsaiich 3iTe 3cdfeld sifaifdarefics)

o Sodium & Potassium (84 3fie UIefelddl) — Soft metals with low melting points. | 57¢dT &TAC foleldhT Ic3alich Tgd bl EldT 8|

= Non-metals like oxygen, chlorine boil at very low temperatures. | 3{TerefToTol, FoIdtel vid 3eIq dgd hd dlUdllol Ue 3d1o5d &l






erq 3it it sitaefivier & At sifaifsar | Reaction Of Metals With Oxygen

Metal + Oxygen — Metal Oxide

qu+3ﬁﬂﬂﬁla—>ﬂ|§[3ﬁm




: N
Basic Oxides Amphoteric Oxides
S TaeTss i 3aracerat sitaarss )
Metal + Oxygen — Metal Oxide 3 3iTorATES 319 3T &

I — T — aloll o &1l AHfAfhdr Hed &l

4 h These Oxides React With Both Acids And Bases.

Alkal Non-Alkali Aluminium Oxide (AL.G.)
; uminium Oxide ,05
( ) S (sremera) y Zinc Oxide (ZznoO)
Water-soluble basic oxides Not soluble in water
(1Y uTeft H go5d 8) (ST uTeft o oTgt goad)

Na,O, K,O CuoO, FeO






4> sodium And Potassium (Alkali Metals) IEI’I'@TIH 3 ulefelRaat (&I‘Iﬁ'ﬂ EI'IT;[E)

Sodium And Potassium React Vigorously With Oxygen At Room Temperature To Form Basic Oxides Called Sodium
oxide (Na,o0) And Potassium Oxide (K,0) Respectively.
Afsaat 3R Arefelaat sioreficiol & T Bl dardaitel (Room Temperature) U2 dia 3ifaifdsar (Vigorous Reaction) &2d g 31T HH

3Tarenzs (Basic Oxides) Foild € fUios chael: difeddt 3Taerzs (Na,o) 3¢ utefelaat sitaarss (K,0) el oirdl &l

4Na + 02 — 2Nd20 Sodium Oxide

4 K -+ 202 —> ZKZO Potassium Oxide



Element (dcd@) Reaction with Water (oo & 3ifaifdsan)
Lithium (Li) 2Li + 2H,0 — 2LiOH + H,1
Sodium (Na) 2Na + 2H,0 — 2NAOH + H,1
Potassium (K) 2K + 2H,0 — 2KOH + H,1
Rubidium (Rb) 2Rb + 2H,0 — 2RbOH + H,1
Caesium (Cs) 2Cs + 2H,0 — 2CSOH + H,1
-31falfoh T ol dtardr (reactivity)

Li< Na <K <Rb «<Cs




giefelaat (k) 3ie Afeaat (Na) Sl e1qC 88 @ (Cold Water) o &1 §€d digdl & 3ifaifdadr dbedl gl
Metals Like Potassium And Sodium React Violently With Cold Water.

gaich! 3falfehar srcafeles IsTadt (Highly Exothermic) gidt €l

The Reaction Is Highly Exothermic.

ST 31T Uiefeldet & AT & Icool grgatutel 31 (Hydrogen Gas) ded W 3odl gl

In Case Of Sodium And Potassium, The Evolved Hydrogen Gas Immediately Catches Fire.



Reaction Type

Element Cold Water Hot Water Steam Product
. (31faifohaT oor
(dca) CECIGID) (919 TSt (31m9) (3dTe)
Joh1e)
No reaction
Beryllium (Be) | 3¢ No reaction | 3¢ No reaction | 3¢ No reaction (3ifalfebar sTet —
gidt)
Magnesium Very slow / Slow Reacts with Moderate | Mg(OH),/ MgO
(Mg) g&d &fiat reaction steam (Fregan) + H,
Moderate to
, Reacts Faster ,
Calcium (Ca) ow — vigorous Ca(OH), + H,
slow reaction
Y (g & d9)
Strontium (Sr) Redcts Faster — Vigorous (dld) | sr(oH), + H,
Very Very Most vigorous
Barium (Ba) — Ba(OH), + H
vigorous vigorous (rcafdes dia) T




o1d ATSIfelet a1 (3HTareftotel) & TiosdT §, dl Ug ddchicd! TAbe 31 b &1l Tiexdl g 3112 ATeAfelaat 3radrss (Magnesium
Oxide) JoIdT &l

When Magnhesium Burns In Air, It Produces A Dazzling White Flame And Forms Magnhesium Oxide.



AT 3iTaeiTss &l o & &1 3ifalfesar  (Reaction of Magnesium Oxide with Water)
o1 AAIfelaat 3iTarerss (Magnesium Oxide) o1 Ticd (Water) & Tl fAGTIT ATAT &,

dl Tg sifaAferdr dbedh ATeAIfelad grggiawss (Magnesium Hydroxide) daiTdl &l

When magnesium oxide reacts with water, it forms magnesium hydroxide.

Mgo + H,0 - Mg (0H),

g Toh Isatardt sifaifdsar (Exothermic Reaction) &

The reaction is exothermic in nature.
o1 31T Mg(OH), Th & gosateftes &me (Slightly soluble alkali) 2|
The product Mg(OH), is a slightly soluble alkali.

g fdsdel goopl & (Basic) gidT &l

The solution formed is weakly basic in nature.



TgfAfataat &t sitareficrer & At ifalfsar (Reaction of Aluminium with Oxygen)
oTd Cog[Afoldel a1 & WHeadl g, dl g 3iToreoiel & 3ifaifohdr b Begfafatad 3Tadrss (Aluminium Oxide) SoiTdT &l

When Aluminium Burns In Air, It Reacts With Oxygen To Form Aluminium Oxide.

4A[ + 302 — 2A1203



(A) TS TgfRfTaT 3MTaETss &l & &9 A BRI bedl ¢ (Aluminium Oxide Acting as a Basic Oxide)

CfAGIT 3TaATSS 3105 (HCI) o AT 3ifAfchaT dhedT & 3¢ TefRferadt Fdierss (AICI;) TTdT &l

Aluminium oxide reacts with hydrochloric acid to form Aluminium Chloride.

Al,O, + 6HCL - 2AICL, + 3H,0

el TodfAfoiad 3ficreirss &R (Base) i ddg SUdEE hedl &l

Here, aluminium oxide acts as a base.



(B) 719 TgfAfaldat TqATSS 35 &b &U A 1A dedl & (Aluminium Oxide Acting as an Acidic Oxide)
CfAGITd 3TaTSS &l (Naoh) & AT 3ifalfchdT dhedl & 3¢ Hifeddt Tegfdaie (Sodium Aluminate) TTdT €l

Aluminium Oxide Reacts With Sodium Hydroxide To Form Sodium Aluminate.

Aleg + 2NaOH - 2NaAlOz + Hzo

~ TET TR 3ifaranss 319 (Acid) &t deg dER Hedl gl

Here, aluminium oxide acts as an acid.



(1) arar (Copper)
oTd dlal a1 & I3 a1 ATdT &, Tg 3iTarefiotel & 3ifafgsar dveds bue(il) 3iTaeTss delldl g, Tl dbles ¢J1 bl gldl &l

When Copper Is Heated In Air, It Reacts With Oxygen To Form Copper(ii) Oxide, Which Is Black In Color.

2Cu+ 0, - 2Cu0

Copper + Oxygen — Copper(ll) Oxide

PG At g4 eI
(Type) (Chemical Formula) (Colour) fdaeur (Description)
TS UT BI5-3ET IE cuprous oxide DHEATdl &1 A dldT +1
Copper(l) Oxide Cu,O

(Red [ Reddish-brown) 3T 2uT 3{aRiT (oxidation state) A EidT &l

Jg cupric oxide g Tdl &1 SHH dldl +2

Copper(ll) Oxide CuO 13T (Black) 3 TaefTapeuT /g 3 E1dT &)







(Reaction of Metals with Dilute Acids)

od BIe a1q (Metal) a5t Udes 313 (Dilute Acid) o AT 3HfAToAT B &,
dl Ig gTsgiutel A (Hydrogen Gas) {ch dhedl g 3¢ HTq 5aul (Metal Salt) FoldT &l

When A Metal Reacts With A Dilute Acid, It Displaces Hydrogen Gas And Forms A Salt.

Metal + Dilute Acid - Salt+ Hydrogen (H.)









emq (Metal)

ZTaTdfolas dATR T

(Chemical Equation)

dolol dTesT S5duT

(Formed Salt)

Iodfdd ITd

(Evolved Gas)

feuguft (Remark)

ATl IfelTat

(Magnesium)

Mg + 2HCI —> MgCIZ + HzT

Magnesium Chloride

Hydrogen (H)

sifaifohar §gd dffa gt &

(Reaction is very vigorous)

Tgfafaast

(Aluminium)

2Al1 + 6HCI — 2AICI; + 3H,T

Aluminium Chloride

Hydrogen (H,)

ureel 3 eftoft fobe ad et 2|

(Starts slow due to oxide layer)

FeTH Ifd b1 3faAfhar
~fot® (zinc) Zn + 2HC| — ZnCl, + H,1 Zinc Chloride Hydrogen (H,)
(Moderate reaction)
iron(ll) Chloride effat srfatfopar
o&lIel (Iron) Fe + 2HC| — FeCl, + H,1 Hydrogen (H,)

(Ferrous Chloride)

(Slow reaction)




1.8t sifalfebarsii o grggiotet A (Hydrogen gas) 3cdfoid gidt &l

Hydrogen gas is evolved in all reactions.

2.9ol EC &l (Salts) oTcs 3 gateftes (Soluble) g1d &l

Formed metal chlorides are soluble in water.

3.3 fohaTefeadT ol thdl —

Mg > Al > Zn > Fe

1.The rate of reaction decreases down this order.
2.d1aT (cu), ITdt (Ag), T (Au) TS 350! & ufdfesar a1t Hedl

Copper, silver, and gold do not react with dilute acids.












0 ORE (31U&h)

An Ore Is A Type Of Mineral From Which A Metal Can Be Economically And Easily Extracted.
3EH a8 Sfetdd glar & fAad anq &1 3nfefe &u & 3 dee fafdal & AT o ddar gl

Ore Contains A Large Percentage Of Metal.
3TEP A &g Ht AT s et 21

Metals Are Extracted From Ores By Physical And Chemical Processes Like Roasting, Smelting, Electrolysis, Etc.

ST 3UEH! A 3ifds g eremafas fafdal grer fAeral ard 2



Metal Ore Name Chemical Formula
(&) (3RIEH BT ATH) (erarafals ga)
Iron (?ﬂZT) Hematite Fe,O;
Aluminium (Tgfafaast) Bauxite Al,O3-2H,0
Copper (dTaT) Copper Pyrites CuFes,
Zinc (Af®) Zinc Blende 7NS
Lead (i) Galena PbS
Mercury (TTeT) Cinnabar HgS










@ 1. Low Reactive Metals | & foharefies Srlﬂ't?'

Examples (38T&201): Gold (Au), Silver (Ag), Platinum (Pt), Copper (Cu)
Found in Free or Native State (I[Th 3[d&IT A)

Example: Gold — found in pure form

@ 2. Moderately Reactive Metals [ At foharefies SI'IT-\[I"."
Examples (38T&201): Zinc (zn), Iron (Fe), Lead (Pb)

Found as Oxides, Sulphides or Carbonates
(3MTHTSS, AABISS AT BIdlcic &9 RA)

Examples: Fe,03, ZNS

@ 3. Highly Reactive Metals [ 3cfel® foareftss irqu!'

Potassium (K), Sodium (Na), Calcium (Ca), Magnesium (Mg), Aluminium (Al)
Found in Combined State (FgTh Jd&IT H)

Examples: NaCl, Al,O;




eTq <t sifalfsareftesar ey fafd = vfesar 3aTEeul
(Reactivity of Metal) (Main Method) (Main Process) (Example)
¢ sifels sifAfpanelts enqe Electrolysis fOere EC 310eeh bl fag[d 3MUecel the 2fes &l UTtd hi iTdt gl o oo A
OI 4 0’
(Highly Reactive Metals) (faga sraaeen) Molten ore is electrolyzed to obtain pure metal.
. Carbonate 3{T&h Pl Calcination, Sulphide 3TU&h Bl Roasting HIadb
& AgA fafesanefiss diqe Roasting o > A J
. T 3T SoTTT ATdT &, e Carbon AT €O & Reduction 3537 W4T &1
(Moderately Reactive Calcination . . L Zn, Fe, Pb, Cu
Ores are converted to oxides by roasting/calcination and then
Metals) Reduction (39dd4) .
reduced using carbon.
. Sulphide 3/T&h I &dl A IH e i eTd A TSl ATdT g, fhe Refinin
¢ &4 sfafdbarefis §TdC | Roasting/ Refining P < J
& eles &Tq Ut gl 8| Hg, Cu, Ag

(Less Reactive Metals)

(31&31at 3ie 2erst)

Sulphide ores are roasted to get metal, followed by refining.




Extraction of Metals from Ores [ 3[0&®! & &Mq faA®Toa &t ufdsar
Main Processes (& Wfehare):
.Crushing and Grinding [ BdcelT 311 YtdelT
2.Concentration or Dressing of Ore [ 31I&dh I HIGUT T Ufdsheul
3.Calcination / 3Tgcel dudl (dbfedoiale)
4.Roasting [ &{eTT GITeTT (SIfee)
5.Reduction [ 3UIIa]

6.Refining or Purification of Metal / &Td T elfefel AT UftsaheuT



Basis of Separation Example 1] Useful for
Method (fdfél
° (fafeh) (f3afToTat BT 3TEmR) (3a1Eenn) (Fuartt 3raes)
1. Hydraulic Washin o HTST 31T b foiold fHE]
Gmsyﬂ am J Yolcd A 3de (Difference in Density) Tin Stone (SnO,) S Gt 2]
YdhIT Td b T ugref & 3ide
2. Magnetic Separation : e N N y fite (Fe.0.) Iron Ores
: M t n- netic agnetite (Fe
qqhia guaesevr fafel CgNEtE & RON=Vganet J o (BT 3ITTH)

Difference)

ZINnc Blende

3. Froth Flotation Process gl I[OTI ol 3de Sulphide Ores
| | | (zZnS), Copper Pyrite
Wi Foicers fafel (Difference in Surface Properties) (THTES 3IUTH)
(CuFes,)
4. Leaching TIddfeich 3ifalfehdr gIel ool sauxite (A1,0.2H,0) Aluminium Ore
| auxite -
i fifa (Chemical Solubility in Reagent) TR (CerIfRAfTTa 31







¥/ Finely
re grounded ore

Magnetic roller

Magnetic particles

Non-Magnetic
particles






4, Electrolytic Refining /[ fafa ufenerst
Ig Tah Tedt fafel € foiardt 8rq ot 2[e (purify) fad1 oiTdT € fdwidl (electric current) o5t FEIAr Al

This process is used to purify impure metals using Electric Current.

@ Metals Refined by This Process
=4 faf2 & e 6t A1 ATt e qe

Q Copper (Cu)
QzZinc (Zn)
QTin (Sn)

Q Nickel (Ni)

3 Silver (Ag)

QdGold (Au)



4, Electrolytic Refining /[ fafa ufenerst

@ Apparatus Setup [ HaF &t HeTeTT
Anode (Bsils): Impure metal (3125 &ITd)
Cathode (Fa1): Thin sheet of pure metal (2 &M HI Udet Ugd)
Electrolyte (SaRIBIZE): Aqueous solution of metal salt (8T o dUT &I HicH)

3GTg2UT: CuSO, (Copper Sulphate) solution for copper refining.

@ Process [ Ufebar
ofd feoTc3t yanfed ol ATt € —
Impure metal (Anode) £fi2-£fie g3dhe electrolyte & THT HTdT 8|

Pure metal ions electrolyte & Cathode UZ 514 HId &l
Impurities T dl Electrolyte & gt &dl € U1 ofld Anode mud (Fta3) & U H AT € ATt &l



4, Electrolytic Refining [ fafa ufenerst

[1] At Anode (¥s1Ig U¢ - Oxidation)

Cucsy = Culyyy + 2e”

3R dIel godohe faodel A Cu?* TSl Falldl &)

At Cathode (5218 U2 — Reduction)

Cu%;q) + 2e” = Cug

fd3del & Cuz* 31T s3argiol ohehe 2[es did b &Y A W UIld 8l)
‘heflg (Cathode) UT 2[5 dldT I &dT 8|

“Cails (Anode) effe-¢ffe geadr Ardr 2|

-372[fe2dT ofld anode mud (H1TE) &b U F AT &l












Carbon And Oxygen Reaction [ ®Tdel 3iie 3iTaeficrer &t sifalfesar

[1] At Room Temperature, Carbon Does Not React With Oxygen.
ATHATST dTUdATel Ue hldol HTaefioiel & 3ifefordr sigl chedl

[2] On Heating, Carbon Burns In Air To Form Carbon Dioxide Gas.
IEH cheal UT chldol gal A Gicsdhe dhbldol STS3{TaelTss & Solldl 8|

[3] This Reaction Is Exothermic Because Heat Is Released.

Ig sifarfasar IeaATerd gicit € ardifds St SHoAT foldheadt &

[4] Therefore, Carbon Is Used As A Fuel.

ST BIEUT BId ol BT IUTNT Seie] b &U A Tl ATdT &l

[5] Examples - Coal, Petrol, Natural Gas, Wood Etc.
3CIg20T — DI, Ugles, UTdhfddb I, abal 3HTfC|

























&t (Corrosion)

(Gold) @ w5featd (Platinum) Tt &TqC & il Yufdar &efeul d{ch (Corrosion Free) &l

SHIST 38T (Jewellery) fAdTfOT & AT d: Sogl T3 T IUAIT EdT 8|



olg 1dt &1 arg A F[os1 B3 o virar € al ag denfa @iewe w1at (Black) gl &9Tdt 8, F? When silver is left in :

open air, it corrodes and starts turning black. Why?

\_ J







qeletl fadrdl & BT fdd BT 32 291 & €l 7ild €? Why does the paper of old books turn brown?









o Ad SIET (Iron) ©5d &I dob gaT (Air) 311 st (Moisture /| Water Vapour) o U d Zgd &,
dl 3GH] Hdg UL 3fe-a5T 31 bl Yeref (Brownish-red Substance) Faidl g —

< 54 9T (Rust) DHgl ATdT &
When Iron Is Exposed To Moist Air For A Long Time, A Brownish-red Flaky Substance Is Formed On Its Surface, Called

Rust.

@ TATAfold AT (Chemical Name) Iron(lil) Oxide Hydrate Fe,0;-xH,0




9T & §91d & déle (Methods of Prevention of Rusting)

[1] Painting [ Af3T

Oiling [ A JITTelT

Greasing [ fddelTs &ITeTT

2] Galvanization [ Acaatzaieret (fAe 6t ged aerem) v o, § ™y
MOLTEN ENEJ ” h

5] Tinning [ ffa91 (&<t 6 uea Terem)

6] Chrome Plating IW'@J’ETJT HEATING ELEMENTS

7] Electroplating / fadf[d w2

3| Alloy Formation [ fRSIEITq 116 (Stainless Steel F&Tai)

9| Cathodic Protection [ bAIfEd Hdeeron

1[0] Metal Coating [ &Tq U< &Tq &t Ted TeTe







Mol &bl &1t (Baking Soda)

AIfSTHA dTsbldiale (Sodium Bicarbonate)

NaHCO;

HUg &lel bl AT (Washing Soda)

ST BIafolc SPhIgEsce

(Sodium Carbonate Decahydrate)

Nazc03 ° 1OH20

dlsT Bel (Soda Ash)

dIfSTH BdIdlale (Sodium Carbonate)

Na,CO;




dhIfecd dlsT (Caustic Soda) AIfedd grggiadiss (Sodium Hydroxide) NaOH

pIfecd Ulerel (Caustic Potash) qIcfeldd glegladiss (Potassium Hydroxide) KOH







HIfTA ATAAEEBE (Sodium Thiosulphate [ Hypo)

NCIZSZO3'5H20

BIciThT (Photography) & fixer & &4 |

ifsdd geiadrss (Sodium Peroxide) Na,O, 3T ToTel 3dool dhdal (Oxygen generation) &
Afeaat Fee (Sodium Chiorate) NacClo, gTd d I2Uddre sifeldb (Weed killer) o &U A
Hifsad grsulaoieise (Sodium Hypochlorite) NacClo hiculelreld (Disinfectant) & &Y &




ATIIR® T AL 10 G At g4 AT
(Common / Name) (Cchemical Name) | (Chemical Formula) (Uses)
o S - A ST . 3db (Fertilizer) ?E?Cr?ﬁfl |
(Chili saltpetre) (sodium Nitrate) NaNO; . (Explosives) A
. I 3¢ dT&G folAToT A
2ok sEte . JTeTUT38¢ 302 melawﬁ (Fireworks) &
2Ner / sirsee (Shora [ Nitre) (Potassium Nitrate) . TE (Fertilizer) &l
. T2eUThIdl (Preservative) & & A
I — TR 39 . W (Explosives) 3{1Z 91 (Dye.s) SEIG K]
(Nitric Acid) (Nitric Acid) HNO; « &Tq3M bl dBTs (Metal cleaning) il
- T oich 39T A
o~ q > 2 . 3d2b (Fertilizer) Hl

(Norwegian Saltpetre)

(Calcium Nitrate)

- dldAe 32T (Cement industry) 3|
- BfAI Tule (Cooling agent) & &4 4|







T ATa erArIfoi b ST erErafois A SO
(Common / Name) (chemical Name) | (Chemical Formula) (Uses)
gol Bl [ Eer &t B TEhE . Jdedb (Fertilizer? | |

(Green Vitriol) (Ferrous Sulphate) FeSO, - 7H,0 - W&t (Ink) 312 T (Dye) Fallat Al
i « 3T ol hdft b IUdTE Al

. hicalleld (Pesticide) 312 BWheatreft (Fungicide)

sitest Bt [ ST 20t BIUE TAAbe CuSO. - BH.O & &U A
(Blue Vitriol) (Copper Sulphate) o " Oz - fdg[d 3rqerest (Electroplating) &
- TTITRMAT3 & T oI UL Al
. TTIT (Medicines) 3i1¢ 3deh! (Fertilizers) H|
A% HUI [ 3ouTeT 24T foi abe . F&H UI¥eh dcd (Micronutrient) & & & UTe &b

(White Vitriol)

(Zinc Ssulphate)

Z“SO4 y 7H20

fS3e
. ZTATdfolch 39T Al







AT SDH SITH

(Commercial Nome)

MEIRIGEXGIE]

(Chemical Name)

MEIRIGER P

(Chemical Formula)

T 39T
(Main Use)

N (Red Oxide) Ufdh HTadlss o &1 29T b Ue (Paint pigment) & 3{1¢
I i | S e .
(Ferric Oxide) o qife3felar o febt|
e d-Ufeh 3] M t) 3¢ & 3HTTH
- (Magnetite) 3{TaeITSs fo.0. b (Magnet) 3112 Bl errzj
(Ferrus -Ferric Oxide) (Iron ore) & &U Al
hfddh 3{ThATSS AIE &Tq YTt cheol
tdecrze (Hematite) Fe,O. Hid
(Ferric Oxide) (Extraction of Iron) & 3T A& 3TH |
MEICIGCACESRN
| e d AT Tbe .
9 &I sTAD (Mohr’s Salt) | FesO,:(NH,),$0,-6H,0 | (Chemical analysis - titration) &
(Ferrous Ammonium Sulphate)
T
JHIddo] doWplss am@@ HFD
uraerse (Pyrite) FeS, .
(Iron Sulphide [ Fool's Gold) (Sulphuric Acid) JaiTal |




AT AT eTHRIfoth ST TERIfGB A I
(Common [ Name) (Chemical Name) (chemical Formula) | (Uses)
N 3 . DI (Glass) 3¢ gdol (Utensil) Wiﬁl
&1 (Borax) , Na,B,O, - 10H,0 |- &1q efiefal (Metal purification) 3|
(sodium Tetraborate) |
- ShicIulelTeld (Disinfectant) & &4 |
HIfET b SHIEET
ISIdE dlce , - 3T (Medicines) 3112 féeuie (Detergent) Al
(sodium sulphate Na,SO, - 10H,0 . | |
(Glauber’s salt) - I 3 BITA 38T (Glass & Paper industry) &1
Decahydrate)
dlce b T dbe NOLSO . fecuic (Detergent) 31l BId (Glass) Fellal Al
(salt Cake) (sodium Sulphate) 42504 . TTETAfoTds TR & ATHATST IUTI




TR AT eTARIfoth ST ARt A TG
(Common / Name) (Chemical Name) (Chemical Formula) (Uses)
. hieTulelreld (Disinfectant) 3¢ T [fes bl
S— 3.0 - (Water purifier) & &4 4|
(Red Medicine) | (Potassium Permanganate) KMnO, - ATEARIED (Oxidlizing agent) &Y 3 eTefrielcd
3ifarfobarait 1
- T4 &l 3{1¢ cadT 29T & Ui
eo1es fBlee 53 UZ3TFET3S [ 53 SeI3{TaeTss + 3T (Paints) 3iTe dTfefer o wTes 9T Sal &b Tl
(Red Lead) (Lead Peroxide [ Lead Pb304 + €T oI W91 & §dTal A
Tetroxide) . oftel (Glass) 312 faefADd (Ceramics) I A




ATITIR D ATH

(Common / Name)

STATAfA S ST

(Chemical Name)

RIS A

(Chemical Formula)

39T
(Uses)

« o5 2[fesaheuT (Water purification) 3|

et grefelaat vefafaad aehe - TTdl T 81gat 31 2Ifdv o §1¢ UeTded o &U
(Alurm) (Potassium Aluminium K,SO, - Al,(SO,); - 24H,0 (&
Sulphate) . hUST ¢ (Dyeing) 3¢ THST 39T
(Tanning) &1
e v (Pot::ssium Chromium K,SO, - Cr,(S0,); - 24H,0 + ST SEFT (Tanning industry) &
(Chrome Alum) Sulphate) R TR *" . 3E (Dyeing) & Fige (Mordant) & &U &
. 3MTfderaTet (Fireworks) 3iT¢ fAddhicd
Ad qerel grefelaat awiee (Potassium o (Explosives) &
(White Potash) Chlorate) : . AT (Matches) 3iI2 A ol J&9T A

3T ToTel TTd b &Y A







AT AT eTARIfot b ST RIS A 39T
(Common / Name) (Chemical Name) (Chemical Formula) [(Uses)
fSersf &2 3TadIzs . DI (Glass) 3T disft fAEt (Ceramics) Je9T FHl- UT
(Litharge) Lead Oxide Pbo (Paints) & dted 391 & & H- g defedl & folarfor A
NSl s HPhIss - 3 (HTAT) &1 BT UE 3HITh (Main ore of lead) s
(Galena) (Lead Sulphide) PbS S agifolch 3UcheUll A ddlhsdace & &U Al
&8 Ye3HTRATSS [ &8
ole fage TAR G 44 . BT (Paints) 3¢ alfotel & &Tc5 9T ¢l Ble 3T bl
(Red Lead) (Lead Peroxide [ Lead Pbs0, GiIT & el Hle DbId 3i1e fafAcD fAaAfor 3
Tetroxide)




AT AT eTARIfoth ST ARG A YT

(Common [ Name) (chemical Name) | (Chemical Formula) [(Uses)
ot ol | i - o o . 9&1 (Clothes) 31 BFTH (Paper) DI HWbe il
(Bleaching Powder) (Calcium Oxychloride) CaOCl; I (Water purification) 3

hlculelTeld (Disinfectant) & &4 |

. AT (Cement) 302 BT (Glass) Follal Hle 8{dol

e [ ATk [ EITeHE Bfcadd FBldlae
ol / / CacCo. foidT0T (Construction) Ale Telfds (Antacid) &

(Limestone / Chalk /[ Marble) | (Calcium Carbonate)

&U A
Jot1 | fe<T1 g1 g3 Yot | Bl I . Hidic 3T wreee (Plaster) Hle fAET & 35T
Qoll CaO (Soil acidity) gcTal AHle &Mq elfefeT (Metal refining)

Calcium Oxide ,
(Quick Lime [/ Unslaked Lime) ( ) A







=T JlT [ ot BT UTal

DT glagicdss

ctarel dt el (Whitewashing) 3 U197

(Slaked Lime (ol Jroxide) ca(oH), [2] 35t ol faifshd (neutralize) ol
Lime Water) —aicium Hydroxide fAE! bl 31dc5dl DA hlal Al
g didAc foidAfoT Hl
HTIRT el hifcadd TardTss ﬂ o .
(Quick Lime) (Calcium Oxide) cao el (acidic soil ﬁqm?ﬁl

eTqahdl (metallurgy) & Tosard (flux) o & &




SIEee 3T afed

(Plaster of Paris)

DA Td he gHlglsse

(Calcium Sulphate

CCI 504’% Hzo

[1] <farel @ ©dl &I duilde (decorative plastering) il
ccl gfedl e wareee dald (fracture bandage) |

Hemihydrate) Jfat 3fie Afees gotror &
forea DI TH T SISEISSe CasSoO.-2H.0 g?ﬁmgﬁlmwmma;m|
(GYPSU"\) (Calcium Sulphate Dihydrate) P fFlddlef

3deb (fertilizer) o & Al




WIfec D, SIE 301 dhicaleld (Pesticides) o foldATuT A

LarTic BT 3iTcreft FBeEe
(Phosgene) (Carbon Oxychloride) COCl; STATfoich JEIT A seedtfste (Intermediate) b TUHI  Hd
° o R faSe31 I (Highly poisonous gas)|
. wl . - o o .
A o PP HUsl, Urafl maﬂﬁm@lsmfed) ol A
(Bleaching (Calcium Oxychloride) caocl: OIS lfgrcheuT (Water purification) 3
Powder) hTITT 31T & 38T & fadutel (Bleaching) & 3T

Effects of Phosgene during War




Tear gases

[ethyl bromoacetate, chlorgacetone & sy lyl bromide]

amell and appearance

Ethyl bromoacetate and chloroacetone are colourless
to bight yellow hquids with fruity, pungent adours. Xylyl
bromide i= & colourless lguid with a pleasant, aramatic
odour.

e

Tear gases are what is known as lachrymatary agents =
they irritate the mucous membranes in the eyes, mauth,

throat and lungs, causing crying, coughing, breathing
difficultses, and temporary blindness.

D ———

In August 1914, the French forces used
1 91 4 lear gas grenades against! the German
army, to iittle effect.

Chlorine Phosgene and diphosgene

icarbomyl dichleride & trichloromethane chloroformate)
Smell and appearance Smell and appearance

Chlorine is a yellow-green gas with a strang, bleach-like Phasgene 15 a colourless gas with a musly odaur

odour. Soldiers described its smell as “a distinct mix of comparable to that of newly mown hay or grass.
pepper and pineapple”, hphosgens 15 a colourless, oily lguid,

@™

Chlorine reacts with the water in people's lungs to form These agents react with proteins in lung alveoli, They
hydrochlomne acid. |1t causes coughing, womiting, and cause coughing, difficulty breathing and irritation to the
irritation to the eyes at low concentrations, and rapid throat and eyes, Their delayed effects, not evident for 4B

death at concentrations of 1000 parts per millian. haurs, including fluid in the lungs and death.

D

Used by German forces at Ypres in April I December 1915, the German forces
1 91 5 1915. British farces used it Tor the first 1 91 5 used phosgene against the British al
time at Logs in September 1915, Ypres.

Mustard gas

[bis[2-chloraethyl) sulfide)

Smell and appearance

When pure, mustard gas is a colourless and pdourless
Lguid, but it's used as a chemical agent in impure form.

These forms are yellow-brown in colour and have an
pdour resembling garbic or horseradish.

D —

Pawerful irritant and vesicant (blistering agent) that
can damage the eyes, skin, & respiratory tract, Causes
chemical burns on contact with skin. Forms intermediates
that react with DMA leading to cell death.

D

On 12 July 1917, German forces used
1 91 7 mustard gas against the British at
Ypres,









fafesr / a9 / @
(Silica / Sand)

BIRESI 3-1\'JI7=F\’:I'I$3 (Silicon Dioxide)

SI10;

I (Glass)3-ﬁT diHe AT H

HIENSH

(Carborundum)

Rafase F1Ess (Silicon Carbide)

SIC

GRS fﬁ'\EIT%’ gerey (Abrasive material) & T H —
O g s Igon |




siidTee

AfSTIH Falese

[1] &t A3 (Dry cell) 6l gdarglesrse & UM

(sal Ammoniac) | (Ammoniurm Chloride) NH,CI el ol edT d TaeUdaTide & &J 4l
eTq3M hl dWhls d Aol (soldering) Al
[1] SId folcbTosal I dufdl o Slerel ggieff bt 91d (Anaesthetic gas) &
SIBIT IH GBI EICIES N-O ST
2

(Laughing Gas)

(Nitrous Oxide)

[2] T1dT d Telded &) Fallol A
3] €eft 3cool ol aTest goxh! Iduich 1|




gl faoae IEEC MCIIMER AGCl 1] WICTHT (Photography) & 3TN
(Horn silver) (Silver Chloride) 9 2| fd€[d AT (Electrical conductors) Sollal |
ole Blfeeh fdode slgge 1] AhauTeleft (Antiseptic) & &U |
(Lunar Caustic) (Silver Nitrate) AGNO; 2| BICIIThHT 31 fAHIZ THEIT H IuIT|
oo faeae FIhdl y 1] efdffetee, detefice 3l 3icd datlfoids 3udheull J
(Quick Silver) (Mercury) 9 2] &d fAYIUT (Dental amalgam) & 3T
=z (Vermilion) A f b TWbIgS HgS f Tc5 2IGT (Red pigment) @ &Y

(Mercuric Sulphide)

qreufies fdcg 3ite Ufear o T




oo NA

(Water Gas)

Il ATIHTRATSS + ETaglutol I
(Carbon Monoxide + Hydrogen Gas)

CO + H;

ge1eT (Fuel) o &U A 3¢ f&AfEd 31 (Synthesis Gas)
CEIGIK

Wisgae I

(Producer Gas)

PIdol AT ITRATSS + ollgglulol &

(Carbon Monoxide + Nitrogen Gas)

CO + N,

3TENfITh seieT (Industrial Fuel) & TU & &Tq IT3Tol bl
R

aref e
(Marsh Gas)

AT (Methane)

CH,

gefaT (Fuel) 312 SN (Biogas) b &I Tch b &U A




O geTelf 312 aflutol ol &1 2ol Al

ah 1 gggIutel 3ifceTss "
(Ice) (Solid Hydrogen Oxide [ Water) H20 dIe AT efAst & ool @IEISIE.‘. (Cold compress) & Te3T!
T d Tdes IUANT A 2ffddeuT (Cooling) Edl
2[sp 9 ST BT LTS T UqTell ol defald g&al (Preservation) il
(Dry Ice) (Solid Carbon Dioxide) CO:; 9 T Ttherdl & §C DT HaiTd (Fog effect) Soflol 3

3ENfITeh eftddheuT (Industrial cooling) @ TAITRMEAT3HT & YT
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