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InorgChem – s-Block Elements

Properties

Characteristic Properties:

· Possess the electronic structure: [ ]ns1 or [ ]ns2
· Strong metallic character
· Reactive metal

· Strong reducing agent

· Lose electron readily to form cation

· Low electronegativity

· Due to large atomic size

· Down the group, electropositivity increases

· More easily ionized as ionization enthalpy increase

· More reactive

· Forms cpd w/predominantly ionic bonding

· When cation formed, the large size & low charge causes little polarization on anion

· Complete transfer of electron

· EN of s-element is low, thus when bonded with high EN non-metal, difference in EN is large

· Ionic

· Have fixed oxidation state

· Due to formation of stable octet

· Forms ionic cpd with maximum IE + LE

· Most exothermic

· Form basic oxide & hydroxide

· As the oxide & hydroxide are strongly ionic; O2– & OH– act as conjugate base

· Flame color

· When burning metal, solid metal become vapor

· When excited electron return to ground state, radiation emitted as light

· Weak tendency to form complex

No low energy vacant orbitals to accept lone pair electron of ligand to form dative bond

· Low charge density

· Cannot hold the electron rich ligand tightly

Variation of Properties:

· Atomic radius:

· Group I  Group II as ENC is larger on Gp.II

Down thegroup, atomic radius inc. as no. of principal shell inc.

· Ionic radius:

· Group I > Group II as there are same no. of e– nut more proton

· Attraction on electron cloud inc.

· Down the group, ionic radius inc due to there are more principal shells

· Ionization enthalpy:

· Group II possess a higher ionization enthalpy

· One more proton but the additional electron is poorly shielded

· Down the group, IE dec. as more shielding & the electron is further from nucleus

· Hydration enthalpy:

· The enthalpy change of 1 mole gaseous ion fully hydrated by water

· X+(g) (( X+(aq)
· Ion of smaller size & higher charge can be more exothermic

· Hhyd: Gp.II  Gp.I

· Down a group, Hhyd becomes less exothermic

· Melting point:

· Depends on:

· Metallic bond strength (No. of valence e–; Charge density)

· Structure

Reactions of Elements

Reactivity:

· Reactivity of Gp.I  Reactivity of Gp.II

· Metallic bond of group I is weaker

· IE of group I is lower

· EA of reaction of group I is lower

· Down a group, reactivity increases

Reaction with Oxygen:

· s-Block elements tarnish in air

· React with O2 or H2O vapor

· s-Block metal should be stored in oil

· Burns in air to give oxide / peroxide / superoxide

· Oxide: O2–; formed by Lithium & Gp.II elements

· Peroxide: –O–O–, O22–; formed by Na, Ba

· Superoxide: O2–; formed by K, Rb, Cs

· High charge density cation: Strong polarizing power

· O22– / O2– bonded with element is polarized to a great extend

· Bond btw two O atom breaks and form O2–
· Low charge density cation forms peroxide whereas the even lower ones form superoxide

Reaction with Water:

· Group I metal + Water (( Hydroxide + Hydrogen gas

· Group II metal + Steam (( Hydroxide + Hydrogen gas

Reaction with Hydrogen:

· All s-block elements react with H2(g) at high temperature

· Exception: Be

· Mg requires high pressure for the reaction

· Hydride formed: 2Na(s) + H2(g) (( 2NaH(s)
· BeH2 and MgH2 are of high covalent character

Reaction with Chlorine:

· All s-block elements react readily with Cl2(g) directly

· Metal chlorides formed: Ba(s) + Cl2(g) (( BaCl2(s)
· BeCl2 carries high covalent character

Reactions of Compounds

Reaction of Oxides:

Oxide + Water:

· Normal oxide + Water (( Hydroxide

· M2O(s) + H2O() (( 2MOH(aq)
· Peroxide + Water (( Hydroxide + H2O2
· O22–(s) + 2H2O() (( 2OH–(aq) + H2O2(aq)
· If the hydration is exothermic, H2O2 will usually decomposes to H2O + 
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O2
· Superoxide + Water (( Hydroxide + Water + Oxygen

· 2O2–(s) + 2H2O() (( 2OH–(aq) + H2O(aq) + O2(g)
Oxide + Acid:

· Normal oxides will react with strong acid to give salt and water

· O2–(s) + 2H+(aq) (( H2O()
· Peroxide / Superoxide react with water in acids but the OH– formed is consumed by H+
· O22–(s) + 2H+(aq) (( H2O() + O2(g)
· Oxide + Alkali:

· Normal oxide will not react with alkali except amphoteric BeO

Except BeO, all other oxide/peroxide/superoxide react with water in alkali

Reaction of Chlorides:

· Group I chloride dissolve in water and gives a pH 7 solution

· Group II chloride hydrolyze in water and gives an acidic solution

· BeCl2 + H2O
((
Be(H2O)62+ + 2Cl–






((
[Be(H2O)5(OH)]+ + HCl + Cl–






((
Be(H2O)4(OH)2 + 2HCl

· BeCl2(aq) : ~ pH 4

· Other group II chloride: pH 6 – 7

· Solid Gp.I chloride is anhydrous

· Solid Gp.II chloride can be anhydrous or hydrated

· As Gp.II ion has higher charge density and can hold H2O tightly

· Chloride + conc. H2SO4 (( HCl

· Cl–(s) + H2SO4() (( HSO4–(aq) + HCl(aq)
· Chloride does not react with alkali

Reaction of Hydrides:

· Hydride + Water (( Hydroxide + H2(g)
· H–(s) + H2O () (( OH–(aq) + H2(g)
· Hydride + Acid (( Salt + H2(g)
· H–(s) + H+(aq) (( H2(g)
· MgH2(s) + 2HCl(aq) (( MgCl2(aq) + 2H2(g)
· Hydride only dissolve in water in alkali, but does not react with alkali

Stability & Solubility

Thermal Stability:

· Stability of ionic cpd toward thermal decomposition

· Related to size & charge of ions

· Ionic cpd formed from small cation & small anion is more energetically stable

· Attraction is strong (more exothermic lattice enthalpy)

· Ionic cpd formed by small cation & large anion is affected by:

· Polarization

· Difference in LE btw cpd & decomposited product

· If the cation is polarizing
 or the anion is polarizable
:

· Cation will distort the electron cloud of anion

· Bonds in anion is weakened and leads decomposition

· Li2CO3 (( Li2O + CO2
· 2LiOH (( Li2O + H2O

· Gp.II carbonates & hydroxides are less stable than Gp.I

· Group II are of higher charge density and more polarizing

· Down a group, thermal stability inc.

· Li & all group II carbonate / hydroxide will decomposes under heating

Solubility:

· When an ionic cpd dissolves, involves:

Beaking of ionic bond (endothermic)

· H = –(Lattice enthalpy)


*LE is negative

· Hydration of ions (exothermic)
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Formation of ion-dipole interaction

· H = Hydration enthalpy

· Solubility of an ionic cpd depends on enthalpy of solution

· Hsoln = Hhyd – L.E.

A cpd will usually soluble if Hsoln  0 or near to 0

· Lattice enthalpy increase (more endothermic) if:

· Greater the charge of ions

· Smaller the sum of radius of anion & cation

· Stronger attraction

· Hydration enthalpy is higher (more exothermic) if:

· Smaller the size of ion

· Change of ion higher

· Charge density higher

· Down the group

· Size of cation increases

· LE & Hhyd becomes smaller

· Trend of solubility is unpredictable

· Group II sulphate cpd have a decreasing solubility down the group

· Size of SO42– 
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Decrease in LE is not significant as it depends on sum of the radii of ions

· Decrease in Hhyd is significant as Hhyd of cation drop significantly

· Down the group, Hsoln becomes less exothermic

· Solubility of s-block hydroxide inc. down the group

· OH– is small size anion

· Down a group, sum of radius inc. significantly

· Dec. in LE is significant

· Decrease of Hhyd of cation may not cause large dec. for total Hhyd as Hhyd of OH– is large

· Down the group, Hsoln is more exothermic

Solubility of ionic Compound:

· All metal nitrate are soluble

All Group I & ammonium compound (K+, Na+, NH4+) are soluble

· Chlorides are soluble except AgCl & PbCl2
· Sulphates are soluble except BaSO4, CaSO4, PbSO4, SrSO4
· Carbonates are insoluble except Gp.I & ammonium carbonates

· Hydroxides are insoluble except Gp.I & ammonium hydroxides

· Ca(OH)2 is fairly soluble

· Mg(OH)2 is slightly soluble

· Oxides are insoluble and not react with water

· Exception: K2O, Na2O, CaO, MgO; React with water to give metal hydroxide
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� A cation is polarizing if it has a high charge density


� An anion is polarizable if it is large, polyatomic or has a high charge density
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