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CHAPTER 4 - CHEMICAL BONDING AND MOLECULAR STRUCTURE

4.2 lonic or
Electrovalent Bond

Understanding the thermodynamic drivers and
ohysical manifestations of electron transfer.
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How the lonic Bond Forms & h

lonic compounds form when atoms achieve stable noble gas electron configurations through the
complete transfer of valence electrons.

Electron Loss Electron Gain

Cation Formation

Anion Formation
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Positive ions are formed by Na(s) > Na*(g) + e Negative ions are formed by Cl(g) + e = Cl(g)
the loss of an electron from the addition of an electron
a neutral atom. to a neutral atom.

Stabilized by Electrostatic Attraction

The opposing charges of the resulting cation and anion create a strong
electrostatic force that holds them together in a stable ionic lattice.
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The Energy Costs of lon Formation -y

The ease of forming an ionic bond depends on the energetic favorability of creating positive and negative
ions from neutral atoms.

lonization Enthalpy (A;H) Electron Gain Enthalpy (Ae H)

S thatk i, [Exothermic -] (Usually)

M(g) > M*(g) + e X(g) + e > X(g)
The energy required to remove an electron The enthalpy change when a gas phase
from a gas phase atom. atom gains an electron.
Ideal Condition: Comparatively LOW values Ideal Condition: High NEGATIVE values

make cation formation easier. drive easier anion formation.
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Formation of an lonic Compound o¥
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The overall chemical combination is the sum of independent gaseous phase ionization events
culminating in a solid phase lattice.
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Comaton M*(g) + X“(8) > MX(s)




Why Lattice Formation Matters A
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If ionizing a metal costs more energy than gaining an electron releases, why do ionic bonds form? The
answer lies in the massive energy release of the crystal lattice.
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Key Takeaway Panel: A qualitative measure of stability is provided by the enthalpy of lattice formation,

not simply by achieving an octet in the gaseous state.




Rock Salt Structure of NacCl %

In the crystalline state, ionic compounds consist of orderly, three-dimensional arrangements of
cations and anions held together by coulombic interaction energies.
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Structure is determined
by ion size and packing
- . N arrangements, 5
Alternating Na* and CI- N —————
lons maximize attractive
forces and minimize
repulsions.
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Lattice Enthalpy: 788 kJ mol-’
required to completely separate

- one mole of solid NaCl into
infinite gaseous ions




Final Recap: The Architecture of lonic Bonds A

The Mechanism The Energy The Structure

~ Noble gas configurations | Formation relies on low Gas-phase ions |

~are achieved through the | lonization Enthalpy and condense into an ordered |

exchange of valence high negative Electron 3D crystal lattice. |
electrons between Gain Enthalpy.

electropositive and
electronegative atoms. ‘

Key Takeaway: lonic bonding is ultimately stabilized not just by the octet rule, but by the massive energy

released during 3D lattice formation.
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