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PhyChem – Bonding

Bonding

Chemical bond: The force that holds groups of atoms together and makes them function as a unit

Valence theory
: A bond will form if this will result in a lower energy arrangement of the valence electrons
 and nuclei.

( Atoms bond ( (Energy of the cpd. formed)  (Sum of the energies of the individual atoms) 

( Atoms bond by rearranging their valence electrons to attain the stable electronic configuration of noble gases



( If the lowest energy can be achieved by ion formation, then the bonding will be ionic.


( If the lowest energy can be reached by electron sharing, then the bonding will be covalent.
Bonding force in ionic bond
:

( Ionic compound: Overall electrically neutral assemblies of cations and anions held together by electrostatic attraction
 between ions of opposite charges.

( Ionic bond is formed by one or more electron transfer from one atom to another.
Bonding force in covalent bond:

( Covalent bond is formed by electron sharing between two positively charged atomic nuclei.
( Electron cloud of each atom becomes concentrated between the two bonding nuclei.
( Electron density between the bonding atomic nuclei is highest
( Electrons between the nuclei experience the strongest electrostatic attraction due to the simultaneous action of both nuclei

( Force of electrostatic attraction  Mutual repulsion among electrons / nuclei

( Electrostatic electron-nucleus attraction constitutes covalent bond

Bonding force in metallic bond:

( Positively charged metallic ions are bathed in a delocalized ‘sea’ of electrons
( Electrostatic electron-nucleus attraction constitutes metallic bond 
( Metallic bond is a special instance of covalent bond.

Ionic Bonding

Octet Rule: Atoms involved in chemical bonding have a tendency to acquire the stable octet/duet of electrons of most noble gases by means of transfer or sharing of electrons.

Pure ionic bond: Formed by a complete transfer of electrons from an atom to another.

( Ionic Bond: Bonding atoms achieve octet of noble gases by transfer of electrons
Formation of Ionic Bond:
Cation: The atoms having low ionization enthalpy loses electrons to form positive ions (cations).

( The formation of cation is governed by ionization enthalpies.

( The lower value of the sum of successive I.E. of the outermost electrons of an element, the easier is the formation of the cation.

Anion: The atoms having high electron affinity accepts electrons to form negative ions (anions).

( The formation of cation is governed by electron affinities.

( The more exothermic the sum of successive electron affinities, the easier is the formation of the anion.

Covalent Bonding

Covalent bond: Formed by a sharing of electrons between atoms to attain the octet of noble gases.

( Bonding formed by overlapping of atomic orbitals between atoms.
( The larger the overlapping of the orbitals, the stronger the covalent bond.
Valence bond theory:
1. Covalent bond is formed by the overlap of 2 atomic orbitals each containing an unpaired electron.


2. Each bonding atom has a half-filled valence orbital

Dative bond
: A covalent bond between two atoms in which one of them provides both electrons

( For electron deficient compounds to achieve a full octet
( Formed by overlapping of an empty orbital with an orbital occupied by a lone pair of electrons

( Criteria:
1. Vacant orbital in electron deficient atom



2. A lone pair present in another atom

Metallic Bonding

Formation of electron sea:

( The orbital with the outermost electrons on a metal atom overlaps with those on all its immediate neighbors, and those in turn overlap with each of theirs.

( The overlapping of orbitals extend throughout the metal solid.


( A regular, 3 dimensional packing of cations formed ( Metallic lattice


( The outer shell e– can then be delocalized throughout the orbitals enveloping the lattice

Factors affect the strength of metallic bond

1. Size
 of cations: Smaller size ( Higher charge density ( Greater attraction ( Stronger bond

2. Charge carried by cation: Higher charge ( Greater attraction ( Stronger bond

3. Valence electrons contributed to electron sea:
 
Greater the number of valence electrons contributed ( Stronger attraction ( Stronger bonds

Metallic properties:

1.
Down the group, metallic bond strength decreases melting point decreases.
 
Across the period, metallic bond strength increases, melting point increases
2.
High malleability and ductility:
 

( Bond caused by electrostatic attraction between nuclei and mobile electron
 

(If metal ion changes position or layer slip during stress, e– flow easily to a new position
 



( Maintained electrostatic attraction ( Maintained metallic bond

3.
Good conductor of heat:
 

( Hotter part of metallic lattice ( electrons agitated and move more violently
 

(The violent random motion of mobile electrons tend to move to the cooler part of lattice
 



( Exciting the electrons in the cooler part of the lattice ( Conduction of heat

4.
Good conductor of electricity:
 

( External potential difference ( electrons flow in one direction
 

(If a electron enters the metal lattice from outside, another electron displaced from other side
 



( Smooth flow of electrons ( Conduction of electricity

5.
Shinning lustre:
 

( Delocalized electrons are in close energy levels, 
 

(They can absorb radiation of almost all frequencies and emitted immediately
 



( Reflection of radiation including light ( Shinning










� Valence theory: A theory of bond formation


� Valence electrons: The electrons in the outer orbitals of an atom, which involved in bond formation.


� Ionic bond = Electrovalent bond


� Electrostatic attraction: The attraction between positive and negative charges


� Dative bond = Co-ordinate bond


� Size of ion = Ionic radius





