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Bond Energy and Enthalpy

A chemical bond forms when a system of bonded atoms is fower in potential energy than that of independent atoms.
Since bond-making is an electrostatic process, it is governed by Coulomb’s Law.

Coulomb’s Law tells us:

* The negative electrons of one atom and the positive nucleus of another atom Wﬁfq al each other.

» |If the nuclei of two atoms get too close together, their like charges fegﬁ each other.
The optimum distance between two atoms is the owge \&hz\% , which represents the lowest energy state.

The bond length is a balance between the attractive electrostatic forces between the nucleus of one atom and the
electrons of another, and the repulsive forces between the positively charged nuclei and the negatively charged
electrons.
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Breaking chemical bonds requires an input of energy to overcome the attractive forces. When new bonds are
formed, energy is released. The difference between input and output determines whether a process is endothermic
or exothermic.

Covalent Bond Energies and Enthalpy

s The enthalpy change for a reaction, AH.n, can also be understood in terms of bonds bfﬂ 4 kiwfj

{endothermic) and bond -bem'mc)\ {exothermic) during a chemical reaction.
¢ The total enthalpy change can be negative (exothermic) or positive (endothermic) depending on the relative

magnitude of two {breaking and making} processes.

Endothermic: +AH® {system gains energy) Exothermic: ~AH® (system loses energy)

» Breaking a chemical bond is always » Forming a chemical bond is always
endothermic exothermic
» Hint: “end-ing a bond is endothermic”
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Estimating the Enthalpy Change of a Reaction from Bond Energies
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The following expression can be written to express this relationship:

AH®pyy = Z:I'Io(bo*r.',ds broken) — z:I-Im(boncis formed)
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structures of the compounds involved in the reaction to

IMPORTANT: Draw the Lewis Dot
determine the bonds being broken or formed.

But how will | know what bond energies to use?

You will be provided with the bond energies in the problem or be asked to look at a +ab \6

Bond Energy Trends:

¢ Double and triple bonds are S'hb hﬂtr than single bonds, since double and triple bonds contain a

greater number of 6\6&“’ 0nS  than single bonds, so Coulombic attractions to the nuclei are stronger!

Shorter bonds (with the atoms closer to each other) tend to be stronger than longer bonds with the atoms

further apart, since the ai S‘\’thc between the charges is smaller,

Bond Bond Length {pm) Bond Strength (kl/mol)
C==( 120 pm 837 ki/mot
C==C 134 pm 611 kJ/mol
t—¢ 154 pm 347 kl/mol
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Single Bonds Multiple Bonds
HeH 432 NewoH kil | £ | 144 =0 G4
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Let’s Practice!

1. Using the bond energies from the reference chart above, estimate AHcomp for the following reaction. Does the
reaction illustrate an endothermic or exothermic process?

CHy(g) + 2 O5(g) = CO,(g) + 2 H,0(g)
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