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PhyChem – Bonding Intermediate
Partial Bonding

Pure ionic cpd.: The ionic compound formed by complete electron transfer from a metallic atom to a non-metallic atom
Pure covalent cpd.: The covalent compound formed by equal sharing of electrons between the bonded atoms.
Intermediate bondings: Bonds behaves both covalent and ionic characters, i.e. partially ionic and partially covalent
( Arise from polarization of ion or polar covalent bond

Incomplete Electron Transfer in Ionic Compounds

Experimental values of lattice enthalpy:
Lattice Enthalpy = form.[MX(s)] – atom.[M(s)] – atom.[X] – ion.[M(g)] – E.A.[X(g)]
Theoretical values of lattice enthalpy:
( Calculated by considerations of the charges on the ions and the distance between the ions.
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where Q = Charge, R = Radius, k = Proportionality constant
( Assumptions made during the calculation:

( Crystal is made up of perfectly spherical ions that have a symmetrical distribution of charge.

( Interactions between ions in the crystal are electrostatic in nature.

( The cations and anions are just in contact with each other

Sources of Discrepancy between Theoretical and Experimental L.E.:
( Experimental error

( Electron-electron repulsions as the ions are closely packed to form the lattice

( Disagreement to the assumptions of theoretical calculations.

( Presence of partial covalent bonds.

( Small discrepancy ( Crystal is essentially ionic in nature

( Large discrepancy ( Considerable covalent character exists in the ionic crystal

Polar ionic cp’ds: Ionic cp’ds that its Theoretical L.E. < Experimental L.E.
( Extra partial covalent bond present.

Polarization of ion: Distortion of electron cloud in an ion from spherical and uniform distribution by a neighboring ion.

Polarizing power: The ability to distort the electron distribution in another ion

Polarizability: The ease with which an electron cloud in that ion is distorted.

Formation of Ionic Bond w/Covalent Character:
( Cations:
High polarizing power

Low polarizability

((High charge density)

( Polarizing power of cation inc. as its charge inc. and as the ionic radius dec.

( Anions:
Low polarizing power

High polarizability

((Low charge density)

( Polarizability of anion inc. as its charge inc. and as the ionic radius inc.

( Net charge on cations can attract electrons in outershell of anions

( Displacement of electrons from the anion to the cations

( Incomplete transfer of electron form metallic atom to non-metallic atom

( Incomplete transfer of electron ( Higher electron density in between cation and anion

( Asymmetric distribution of charge

( An ionic cp’d will have an appreciable covalent character if:

( Anion is large: Electrons are far from nucleus and less attracted cause easier distortion

( Cation is small: Denser positive charge let cation easier to distort the electron cloud of anion

( Ions are multiply charged: Increase polarizing power of cation or polarizability of anion

( Distortion of electron cloud ( e– not confined to an ion but shared with the neighboring ions.

Properties of Ionic Cp’ds w/Covalent Character:
( May be soluble in organic solvent.

( Similar to simple molecules and have low B.P. and M.P.

( Polarizability of anion inc. as its charge inc. and as the ionic radius inc.

( Net charge on cations can attract electrons in outershell of anions

( Displacement of electrons from the anion to the cations

( Incomplete transfer of electron form metallic atom to non-metallic atom

( Incomplete transfer of electron ( Higher electron density in between cation and anion

( Asymmetric distribution of charge

( An ionic cp’d will have an appreciable covalent character if:

( Anion is large: Electrons are far from nucleus and less attracted cause easier distortion

( Cation is small: Denser positive charge let cation easier to distort the electron cloud of anion

( Ions are multiply charged: Increase polarizing power of cation or polarizability of anion

( Distortion of electron cloud ( e– not confined to an ion but shared with the neighboring ions.

Polar Covalent Bond

Electronegativity: An arbitrary measure of an atom’s tendency in a molecule to attract electrons shared between the bonded atoms.
( The higher the electronegativity value, the higher the electron attracting ability is.

( Across the period, E.N. increases.

( As atomic size dec., the e– gained is closer and more strongly attracted to the nucleus.

( Down the group, E.N. decreases.

( As atomic size inc., the e– gained is screened by more shells and is less efficiently attracted.

( Metallic elements have low electronegativity values and are said to be electropositive.

Polarity of Covalent Bond:
( Pure covalent bond: Formed between identical atoms or atoms of identical electronegativity

( Polar covalent bond: Formed by atoms of different electronegativity

( The atom w/higher E.N. attracts the bond pair e– more ( Displacement of electron cloud

( The less electronegative atom acquires a partial positive charge ((+)

( The more electronegative atom acquires a partial negative charge ((+)

( The larger the electronegativity difference between the bonded atoms, the more polar the bond is.

( Higher ionic character of the bond.

( Large electronegativity difference: Predominantly ionic
Small electronegativity difference: Predominantly covalent.

Dipole Moment:
( Displacement of electron cloud
 
( Formation of dipole w/two equal but opposite charges (+q, –q) separated by a distance d.

( Dipole moment: A vector quantity measures the extent of bond polarization, in Debye unit (D)

( Dipole moment = Charge ( Distance

( ( = q ( d )

( For a molecule with more than one polar bond, the dipole moment of the molecule is given by the vector sum of dipole moments of individual polar bonds.

( The greater the resultant dipole moment, the more polar the molecule is.

( Molecule w/zero resultant dipole moment: Non-polar molecule

( Ionic compounds have large separation of charge ( Very large dipole moment.

( Existence of resultant dipole moment in a molecule
 
( Molecule contains polar bonds which are not linearly arranged

( The greater the difference in electronegativities of two bonded atoms or the greater the resultant dipole moment of a covalent molecule, the more the electron cloud is displaced and the more polar the covalent bond between the two bonded atom is.

Polar molecule: The molecule w/permanent dipole moment

Non-polar molecule: The molecule w/no polar bonds or polar bonds are symmetrically distributed

( Zero resultant dipole moment

Properties of Covalent Cp’ds w/Ionic Character:
( Polar molecules usually have higher M.P. and B.P. than non-polar molecules of same mass

( Dipole-dipole interactions

( Effect of electronegativity on bond angle of a molecule:

( Bond angle depends on average distance between bonding e– cloud and the central atom

( Central atom w/higher E.N., draw bond pair electrons closer to the center

( Repulsion between b.p.e. inc. ( Bond angles inc.

( Surrounding atoms w/higher E.N., attract b.p.e. away from the center

( Repulsion between b.p.e. dec. ( Bond angle dec.
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