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PhyChem – Energetics of Bond
Covalent Bond

Bond dissociation enthalpy: The enthalpy change when 1 mole of a particular bond in a specific compound is broken (i.e. A specific value of enthalpy change).

( Always endothermic since energy is needed to overcome the attraction between the bonded atoms
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( Depended on a specific chemical bonding environment, e.g. 
[image: image7.wmf] ( 
[image: image2.wmf]H

CH

CH

2

3

+

®

DH


(Average) Bond enthalpy: The average B.D.E. of a particular type of bond in certain different compounds containing that bond.
( For diatomic molecules of elements, e.g. H2, Cl2, O2, Average bond enthalpy = B.D.E.

( Different compounds have different bonding environment, (Average bond enthalpy ( B.D.E.

Enthalpy of Reaction:
( For many reactions, the change in bond enthalpies would be approximately equal to the enthalpy change for the reaction.

( H
= (Sum of all bond energies in reactant) – (Sum of all bond energies in product)
 
= (Energy req’d to break bonds in reactant) – (Energy released in formation of product)
 
= Hat –Hf
( Bond enthalpies are average values only, hence the enthalpy of reaction is only an estimate

( H calculate from average B.E. usually is not accurate

Covalent Bond Strength:
( Bond strength is determined by electrostatic attraction between the nuclei and the bonding e–
( Strength of a covalent bond is measured by the bond enthalpy.

( Greater bond enthalpy ( Stronger coulombic attraction ( Stronger bond

( Strength increases as the number of electrons making up the bond increases.

( Strength: Triple bond  Double bond  Single bond

( The more polar (difference in electronegativity between bonding atoms) the bond, the greater the bond enthalpy.

( Greater difference in electronegativities ( Stronger ionic character in the bond

Covalent Bond Length:
( Bond length: The internuclear distance between 2 atoms making up a covalent bond.

( Bond length decreases as the bond enthalpy increases.

(
Smaller size, shorter bond length ( Shorter distance between bonding e– and nuclei
 
( Stronger attraction ( Stronger bond

( Covalent radii: Half the internuclear distance between 2 covalently bonded atoms of the same element in the molecule.

( Down the group, covalent radii increases

( Across the period, covalent radii decreases

( Additivity of Covalent Radii (For single bond only):
 
(Bond length of X–Y) ( (Covalent radius of X) + (Covalent radius of Y)

( The nominal value calculated by additivity is close to the experimental bond length

( Nominal length  Experimental length, if the bond is more polarized

Ionic Bond

Enthalpy of atomization: The enthalpy change when 1 mole of gaseous atom is formed from its element in standard state under standard conditions.
( Endothermic:
1. To overcome the electrostatic attraction in covalent bond(s)

2. To vaporize solid or liquid elements

( For diatomic gaseous element molecules such as Cl2, Hat = 
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Electron Affinity: The enthalpy change when 1 mole of electrons is added to 1 mole of gaseous atoms or ions to form negative or more negative ions.
( E.A. is a measure of electron attracting power of a single atom

( X + e– –( X–

H = E.A.

( Most first E.A. are exothermic since nucleus attracts the incoming electron

( First E.A. + Second E.A. must be endothermic.

( Noble gases have positive first E.A. because of repulsions between incoming and original e–
( E.A. is affected by effective nuclear charge and atomic radius.

( Fluorine has the greatest E.N.C. but it does not have the largest E.A. since its small atomic radius causes high electron density and leads to repulsions among electrons

( Chlorine has the highest E.A.

( Down the group, first E.A. decreases because weaker attraction for incoming electron 

( Across the period, first E.A. increases because increasing nuclear charge

Lattice Enthalpy: The standard enthalpy change when 1 mole of an ionic compound is formed from its constituent ions in the gaseous state.
( X+ + Y– –( XY

H = L.E.

( Oppositely charged ions in ionic crystals are strongly bound by electrostatic attractive forces.

( Large amount of energy is released when ionic crystal is formed from the free gaseous ions.

( L.E. is highly negative (exothermic).

Ionic Bond Strength:
( Strength of an ionic crystal lattice is measured by the lattice enthalpy.

( Greater lattice enthalpy ( Stronger ionic bond ( More stable lattice

( Value of lattice enthalpy depends on the charge and size of ions

( Strength of ionic bond ( Charge density =
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( Lattice enthalpy increases as the charge density increases

( Lattice enthalpy increases as the ionic radii decreases

( Higher lattice enthalpy ( Stronger ionic lattice ( Stronger ionic bond ( Higher B.P. & M.P.

Solubility of Ionic Compounds:
( Dissolve of ionic substance in a solvent requires breaking of ionic bond in crystal lattice

( Disrupt of solute-solute interaction

( Solution requires breaking of intermolecular forces in solvent.

( Disrupt of solvent-solvent interaction

( Solvation energy is released as a result of formation of solvent-solute interaction

( Solvation energy is called hydration energy if the solvent is water

( Enthalpy of Hydration: The enthalpy change when 1 mole of gaseous ions is hydrated under standard conditions.

( X+(g) + (aq) –( X+(aq)

H = hydration
( Ions with high charge density undergo hydration most easily, i.e. their hydration is greater.

( hydration is always exothermic because of the coulombic energy of stabilization released.

( Soluble compounds have high hydration enthalpy to provide energy to overcome the lattice enthalpy of dissolving the compound.

( [Enthalpy of solution] = [Enthalpy of hydration] – [Lattice enthalpy]

( The enthalpy of solution determines the solubility of an ionic compound in water.

( A solute is more soluble in a solvent if:
Solute-solvent interaction  Solvent-solvent interaction + Solute-solute interaction

( A compound is soluble if:

hydration  L.E.

or

hydration  0

( A compound is insoluble if:
hydration  L.E.

or

hydration  0

Determining Solubility:
( Lattice enthalpy is inversely proportional to the sum of the radii of the ions

( 
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( Enthalpy of hydration is inversely proportional to the sum of reciprocals of the radii of the ions
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( The greater the difference in radii of cations and anions, the higher the solubility of the ionic compound

( Solubility ( | rcation – ranion |

Stoichiometry of Ionic Compounds in terms of Electronic Configuration:
( Stoichiometry of an ionic compound: The simplest ratio in which the involved atoms are bonded together to form the compound.

( The empirical formula of ionic compound

( Based on the neutrality of the compound, i.e. the total charges of cations should balance the total charges of anions.

( The ions are in noble gas configurations to have the most stable state.

( AlCl3 formed rather than AlCl since Al is a group III element.

Stoichiometry of Ionic Compounds in terms of Enthalpy Change:
( Ionic crystal will form only if its standard heat of formation is exothermic.

( More exothermic the enthalpy formation is, the greater the driving force for its formation and the compound is more stable.

( f = Lattice Enthalpy + I.E. + at + E.A.

( For f 0, Exothermic terms (mainly lattice enthalpy) must be outweigh the endothermic terms (including I.E. and at) to the greatest extent.

( Formation of an ionic compound is feasible energetically if:

1. Enthalpies of atomization are less positive

2. Ionization enthalpies are less positive

3. Electron affinity is more negative

in order to achieve a high negative value for enthalpy of formation.

( MgCl2 and AlCl3 can be formed because the L.E. can outweigh the I.E. of Mg2+ and Al3+
( NaCl2 and NaCl3 unlikely to exist because the L.E. of Na2+ and Na3+ is extremely high

( Highly positive f is endothermic and extremely unfavorable energetically.
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