THE SBLOCK ELEMENTS

The elements in which the last electron enterbénoutermost s-orbital are called s-block eleméltisy
include elements of group I and Il. Group | elerseare Lithium (Li), Sodium (Na), Potassium (K), Riiom (Rb),
Caesium (Cs) and Francium (Fr). They are collettigalled alkali metals because they dissolve itewto form
strong alkalies.

Group Il elements are Beryllium (Be), MagnesiungjMCalcium (Ca), Strontium (Sr), Barium (Ba) and
Radium (Ra). They are collectively called alkalesth metals (except Be) because their oxides wthehxides are
found in earth crust and alkaline in nature.

The general electronic configuration of s-blockreénts is [noble gas] hfor alkali metals and [noble gas]
ng for alkaline earth metals.

GROUPI| ELEMENTS[ALKALI METALS]

General characteristics

1. Valence electronic configuration: ns

2. Atomic and ionic radii: Increases from top to batto

3. lonization enthalpy: decrease from Li to Cs.

4. Hydration enthalpy: decreases with increase ircisige. Li has maximum hydration enthalpy.

5. Flame colouration Alkali metals and their salts give characteristitour to non-luminous flame. This is
because the heat from the flame excites the outst anbital electron to a higher energy level. Wttes electron
comes back to the ground level, they emit the tamtan the visible region. For example, Li givegwson red,
sodium gives yellow, potassium gives violet, Rubdigives red violet and Ceasium gives blue colouhé flame.
So alkali metals can be detected by flame test.

Chemical Properties

1. Reactionwith air: They react with air to form oxides, peroxides anger oxides. Li forms only monoxide,

sodium forms monoxide and peroxide and other atkalials form monoxide, peroxide and super oxide.

4Li + O, — 2Li,0
2Na + Q —» Ng0O;
M + O, —» MO, (where M = K, Rb, Cs)
2. Reaction with water: The alkali metals react with water to liberatelfogen.
2M + O — 2MOH + H,
But the reactivity of Li with water is lesggarous due to its small size and very high hydraéiothalpy.
3. Reaction with Hydrogen:
2M + H,— 2MH (metal hydride)
4. Reaction with halogen:
2M + X; — 2MX

5. Reducing nature: They are strong reducing agents. Li being thetipowerful reducing agent and sodium
the least. Due to the smallest atomic radius, kitha highest hydration enthalpy. So it has higluceng power.

6. Solutionin liquid ammonia:

The alkali metals dissolve in liquid ammonia toegoleep blue solutions which are good conductors.

M + (x+y)NHs — [M(NHa)] " + e[(NH),]

The blue colour of the solution is due to the amiated electron, which absorbs energy in the \asibbion
and gives blue colour to the solution. The soluttoparamagnetic and on standing slowly liberatesdgen
resulting in the formation of amide (MNH

[M(NH3)x]" — MNH,+ % H,
In concentrated solution, the blue colour changds@nze colour and become diamagnetic.
Anomalous Properties of Lithium

Due to its small size and high polarizing powethium shows some properties different from thattbfer
alkali metals. Some of these are:

1. Liis much harder and has high melting point antirmgppoint.

2. Liis the least reactive but the strongest redueiggnt among all the alkali metals.

3. It forms only monoxide with oxygen.
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4. LiClis deliquescent and crystallizes as a hyd(gai€l.2H,0). But the other alkali metal chlorides do not
form hydrates.
Lithium bicarbonate (LIHCE) is stable only in solution.
Lithium nitrate on heating gives 10, while other alkali metal nitrates decomposeotaf nitrite.
4 LINO3 — 2Li,0 + 4NG, +O,
2NaNGQG; — 2NaNG + O,
Diagonal relationship
The similarity in properties shown by diagonallsged elements of second and third periods in nmoder
periodic table is called diagonal relationship.
Diagonal relationship between Li and Mg
Li shows the following similarities in propertiesth Be of the second group.
Both Li and Be are harder but lighter than othenents of the respective group.
Both react slowly with water. Their oxides and hyddes are much less soluble and their hydroxides
decompose on heating.
They do not form superoxides.
Their carbonates decompose easily on heating to éoiides and C®
Their chlorides are soluble in ethanol and areqdelscent.
Their bicarbonates are stable only in solution.
Some important compounds of Sodium
1. Sodium Carbonate [Na,C0O3.10H,0] (Washing Soda)
Preparation: Solvay Process (Ammonia-Soda Process)
In this process, CO2 is passed through a concedtsatiution of NaCl saturated with ammonia. Ammaniu
carbonate first formed then converted to ammoniwarbonate and finally reacts with NaCl to form NaG.
2NH;3; + H,O + CQ — (NH4)2.COs3
(NH4)2COs + H,O + CQ — 2NHHCO;
NH4sHCO; + NaCl— NH4CIl + NaHCQ
Sodium bicarbonate crystals are separated anddh&aget sodium carbonate.
2NaHCQ — NaCO;+ CO, + H,O
In this process, NH3 is recovered when the solutmmtaining NHCI is treated with Ca(OH)
2NH,Cl + Ca(OH) — 2NH; + CaC} + 2H,0
Note: Solvay process cannot be used for the préparaf K,CO; because potassium bicarbonate (KHL® so
much soluble in water that it does not get preatpd by the addition of NAHCO; to a saturated solution of KCI.
Properties:
Action of Heat: On heating, the decahydrate (,R&s.10H,0) loses its water of crystallisation to form a
monohydrate. Above 373K the monohydrate becomeglaiely anhydrous and changes to a white powdézctal
“soda ash”.
N&C03.10H,0 — NaCOs.H,0 + 9H,0
N&C03.H,O — N&CO; + H,O
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It is used in water softening, laundering and diegn

it is used in the manufacture of soap, glass, barakcaustic soda.

It is used in paper, paints and textile industries.

It is used as a laboratory reagent.

Sodium Hydroxide (Caustic Soda) [NaOH]

Preparatlon It is prepared commercially by the electrolydi?\aCl in Castner-Kellner cell. The Brine solution
(NacCl solution) is electrolysed by using a merctathode and a carbon anode. Sodium metal dischatdked
cathode combines with mercury to form sodium anralgahlorine gas is evolved at the anode.

Cathode reaction: Nar € — Na/Hg (Sodium amalgam)

Anode reaction: Cl» % Ch+ €

The amalgam is treated with water to give NaOHi ldngas.

C
Ao
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2Na/Hg + 2HO — 2NaOH + 2Hg + H
Crystals of NaOH are deliquescent. i.e. they absaristure from the atmosphere and dissolve in it.
Uses It is used:
1. in the manufacture of soap, artificial silk, papad a number of chemicals.
2. in petroleum refining.
3. in the purification of bauxite.
4. in textile industry.
5. as a laboratory reagent.
3. Sodium bicarbonate, NaHCO3 (Baking Soda)
It is prepared by saturating a solution of Sodzarbonate with C®
NaCO; + H,O + CGQ — 2NaHCQ
Uses: i) It is a mild antiseptic for skin infectiar) It is used as a fire extinguisher.
Biological Importance of sodium and potassium
Na" ions are found mainly on the outside of cells amtthe interstitial fluid which surrounds the cdlhese
ions participate in the transmission of nerve dgjna regulating the flow of water across the ceimbranes
and in the transport of sugars and aminoacids.
K" ions are mainly found within cell fluids. They ivette many enzymes, participate in the oxidation of
glucose to ATP and helps in the transmission ofeeignals along with sodium ions.
GROUPII ELEMENTS[ALKALINE EARTH METALS]
General Characteristics
1. General electronic configuration: [Noble gasj ns
2. lonization enthalpy: have low ionisation enthalpy aecreases down the group. First ionization &pitsa
of alkaline earth metals are higher than thosdkafliametals.
3. Hydration enthalpy: Hydration enthalpy of alkalie&th metal ions decreases with increase in ion& s
B&* > Mg®* > Cd&* > SF* > B
4. Flame colouration
Alkaline earth metals give characteristic colauttte flame. In flame the electrons are exciteligher
energy levels and when they return to the grouat senergy is emitted in the form of visible lighb calcium
gives brick red, Strontium gives crimson red anduBa gives apple green colour to the flame.
The electrons in Be and Mg are very strongly botanithe nucleus. So they do not get excited byldme.
Hence these elements do not give flame colouration.
Chemical Properties
1. Reaction with air and water
Be and Mg are inert toQand HO because of the formation of oxide film on theirface. However
powdered Be burns brilliantly in air to give BeQdaBesN,. Other elements form monoxide with air.
2. Reaction with halogen
M+ X5 — MX>
BeCl2 is prepared by passing chlorine gas to daureéxof BeO and Carbon at 600 — 800K.
BeO + C + GJ— BeChL + CO
It has a chain structure in the solid state.

cl
\Bj \\Be \ /CI\\
— —cl \Cl-"' —a

In the vapour phase, it forms chloro-bridged dimme
3. Reaction with hydrogen
M + H, — MH,
BeH, can be prepared by the reaction of Bedth lithium aluminium hydride (LiAIH).
2BeC} + LiAIH 4 — 2BeH, + LiCl + AICl 3
4. Reaction with acids: M + 2HCIl— MCl; + H,
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5. Reducing nature: Like alkali metals, group Il elements are stroeducing agents. But the reducing power is
less than that of alkali metals.
6. Solutionin liquid ammonia: They dissolve in liquid ammonia to form deep bitleck solution due to the
formation of ammoniated electrons.
M + (x + y)NHs — [M(NH3),]*" + 2[e(NHy),]
Anomalous Properties of Beryllium
Beryllium shows some anomalous behaviour as cordgarsagnesium and other members of the group.
Some of the properties are:
1. Be has high ionization enthalpy and small sizéoriins compounds which are highly covalent and gstly
hydrolised.
2. It does not show co-ordination number more thaa dsavalence shell contains only 4 orbitals. The
remaining members of the group can have a co-aidmaumber of 6 by making use of vacant d-orbitals
3. The oxide and hydroxide of Be are amphoteric iursat
4. BeCl exists as dimer even in vapour phase and is solaoldrganic solvents.
Diagonal relationship between Beryllium and Aluminium
1. Like Al, Beryllium is not readily attacked by acidlecause of the presence of an oxide film on thiasel of
the metal.
2. Be(OH), dissolves in excess of alkali to give beryllate, iust as Al(OH) gives aluminate ion.
3. The chlorides of both the elements have bridgeasire in vapour phase. Both the chlorides arebdelin
organic solvents and are strong Lewis acids. Theysed as Friedel — Crafts catalysts.
4. Be**and Af*ions have strong tendency to form complexes,Bafd AlR*.
Some | mportant Compounds of Calcium
1. Calcium Oxide, CaO [Quick lime]
It is prepared commercially by heating lime sto@aCQ) in a rotary kiln (furnace) at 1070 — 1270K.
CaCQ — CaO + CQ
The CQ is removed as soon as it is formed to enabledhetion to proceed completion.
Properties:
On exposure to air, it absorbs moisture and.CO
CaO + CQ— CaCQ
CaO + HO — Ca(OH)
The addition of limited amount of water breaks ligpieces of lime. This process is calsbaking of lime.
The product obtained is callethked lime. Quick lime slaked with soda (NaOH) gives salida lime (NaOH +
Ca0).
Because of the basic nature of CaO, it combin#s agidic oxides at high temperature to form s&tsit is
used as a flux in metallurgy.
CaO + SiQ — CaSiQ
6Ca0 + FO10 — 2Ca(POy)2
Uses: 1. Itis animportant primary material for thamufacture of cement and is the cheapest formkafial
2. ltis used in the manufacture of XD; from caustic soda.
3. ltis used in the purification of sugar and in thanufacture of dye stuffs.
1. Calcium Hydroxide, Ca(OH) [Slaked lime]
Preparation:|It is prepared by adding water to quick lime.
CaO + HO — Ca(OH})
An aqueous solution of slaked lime is knowrlia® water and a suspension of slaked lime in water is
known agmilk of lime.
Properties:
When CQ is passed through lime water, it turns milky doi¢hte formation of CaC£On passing C9O
continuously, the solution becomes clear due tddaheation of soluble calcium bicarbonate [Ca(H{g&D
Ca(OH) + CO, — CaCQ +H0
CaCQ + H,O + CGQ — Ca(HCQ),
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When dry chlorine gas is passed through dry sléikezl we get bleaching powder (a mixture of Ga&l
calcium hypochlorite)
2Ca(OH) + 2CL — CaC}, + Ca(OCl) + 2H,0
Uses:
1. Itis used in the preparation of mortar, a buildmaterial.
2. Itis used in white washing due to its disinfectaature.
3. Itis used in glass making, in tanning, for thepamation of bleaching powder and for purificatidrsogar.
2. Calcium Carbonate, CaCg@fLime stone]
Calcium carbonate occurs in nature in several fdikedimestone, chalk, marble etc. It can be pregdy
passing carbon dioxide through slaked lime or lgyatidition of sodium carbonate to calcium chloride.
Ca(OH) + CG, — CaCQ + H,O
CaCh + Na2CQ — CaCQ + 2NaCl
Properties
When heated to 1200 K, it decomposes to evolveocadimxide.
2 CaCQ———CaO + CQ
It reacts with dilute acid to liberate carbon dabxi
CaCQ + 2HCl— CaCh + H,0 + CQ
CaCQ + H,SO, — CaSQ + H,O + CQ
Uses: 1. Itis used as a building material in the fafimarble and in the manufacture of quick lime.
2. Calcium carbonate along with magnesium carbasaised as a flux in the extraction of metals saagiron.
3. Specially precipitated CaG@® extensively used in the manufacture of highigupaper.
4. It is also used as an antacid, mild abrasitedth paste, a constituent of chewing gum, andrfith
cosmetics.
4. Calcium Sulphate (Plaster of Paris), Ca3®2 H,O
It is a hemihydrate of calcium sulphate. It isabéd when gypsum [CaRQ@H,0] is heated to 393 K.
2 CaSQ.2H,0 — 2 CaSQ.H.0 + 3HO

Above 393 K, no water of crystallisation is leftdaanhydrous calcium sulphate (Ca$@® formed. This is
known as dead burnt plaster’.

It has a remarkable property of setting with wa@m.mixing with an adequate quantity of water itfis a
plastic mass that gets into a hard solid in 5 tonifutes. During this process its volume increaSest is used for
the preparation of statues.

Uses. 1. The largest use of Plaster of Paris is inbinéding industry as well as plasters.
2. Itis used for immoblising the affected parbofan where there is a bone fracture or sprain.
3. Itis also employed in dentistry, in ornamenmtalk and for making casts of statues and busts.
5. Cement

Cement was first introduced by Joseph Aspidinis. &t product obtained by combining lime (CaO) vuildy
which contains silica, Sifalong with the oxides of aluminium, iron and magjom.

The raw materials for the manufacture of cementiarestone and clay. When clay and lime are strpng|
heated together they fuse and react to form ‘cemlerker’. This clinker is mixed with 2-3% by weighf gypsum
(CaSQ-2H,0) to form cement. The purpose of adding gypsuto ow down the process of setting of the cement
so that it gets sufficiently hardened.

Setting of Cement: When mixed with water, the setting of cement $akace to give a hard mass. During this
process the hydration of the silicates and aluresatcurs and a large amount of heat is evolved.
Biological Importance of Magnesium and Calcium

Mg is present in Chlorophyll, the green colourpigment in plants. All enzymes that use ATP in pinade
transfer require Mg as cofactor.

Cais present in bones and teeth in the form lofuca phosphate. It also plays important roles in
neurorgysculag functjgn, intgrneurgpnal tr%Dsmisﬂmﬁ,mgrnbraqg integLity angpblooqpcoaglilgtion.q
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