Chemical Bonding Module
Chemical bonding describes the stabilizing interaction between particulate matter (atoms and ions) that gives rise to molecular compounds, ionic compounds and metals.  In its simplest sense bonding results from the quantum nature of electrons and electrostatic behavior of charged particles (protons and electrons) in atoms or ions.  Bond polarity is a continuum based on the electronegativity difference between bonded atoms.  As such, ionic compounds result from a transfer of electrons from one atom to another which produces ions, oppositely charged atoms, that attract.  Covalent compounds share a pair of opposite spin electrons; equal sharing gives a non-polar bond and unequal sharing a polar bond.  Exploration of covalent bonding begins with the empirical rules of Lewis that allow for the construction of simple two-dimensional models of covalent compounds.  Application of the VSEPR model along with bond polarity allows for reasonably accurate predictions of three-dimensional molecular geometry and polarity.  Formal theories of bonding that are based in quantum mechanics include valence bond theory and molecular orbital theory.  Both of these theories employ the fundamental concept of pairing opposite spin electrons to form a bond.  Valence bond theory is a localized model in which a bond results from overlapping atomic/hybrid orbitals while molecular orbital theory delocalizes electrons in unique molecular orbitals constructed from atomic orbitals.
Objectives:

1. Compare and contrast ionic, covalent, and metallic bonding.
2. Use chemical formulas to classify substances as ionic, covalent, or metallic. 
3. Construct Lewis Structures of ionic and covalent compounds.

4. Describe the polarity of a bond by determining the electronegativity difference between bonded atoms. 

5. Use the VSEPR model to predict the three-dimensional geometry of a Lewis structure.

6. Evaluate the molecular polarity of a molecule based on bond polarity and VSEPR geometry.

7. Apply valence bond theory to sketch atomic/hybrid orbitals and electron pairs involved in covalent bonding and identify bonds as  or interactions.  

8. Construct a molecular orbital diagram for diatomic molecules and ions, identify  or  interactions, and indicate if the molecule or ion is paramagnetic or diamagnetic.

9. Compare and contrast valence bond theory with molecular orbital theory. 
	Unit Topics
	Unit Learning Outcomes

	Overview of Ionic, Covalent, and Metallic Bonding
	· Demonstrate that all three bonding modes are similar by showing how the atoms are stabilized by a net attractive force.

· Explain ionic, covalent, and metallic bonding in terms of transfer or sharing of electrons.

· Classify substances as ionic, covalent, or metallic based on the type (metal, nonmetal, or semi-metal) of element(s) present.  

· Describe the physical properties of ionic, covalent, and metallic substances with regard to state, electrical conductivity, thermal conductivity, melting point, solubility in water, malleability, ductility, and light absorption.

	Bond Polarity
	· Based on a calculated electronegativity difference, describe a bond as ionic, polar covalent, or non-polar covalent.

· Discuss the accuracy of using electronegativity differences to classify bonds.

· Symbolically illustrate the polarity of a bond using either a dipole moment arrow or partial charges.

	Lewis Structures
	· Draw Lewis structures for a given atom and determine the number of valence electrons.

· Distinguish between a lone pair and bond pair of electrons.

· Recognize that bonded atoms or ions with eight valence electrons have nearest noble-gas electron configurations.

· Discuss the relevance of a bonded atom or ion having a complete valence shell or eight valence electrons.

· Apply the octet rule to predict the charge of common cations and anions.

· Demonstrate the use of valence electrons and the octet rule in drawing Lewis structures for binary and simple polyatomic ionic and covalent compounds.

· Sketch resonance structures to demonstrate electron delocalization in molecules and polyatomic ions.

· Select the dominant structure(s) within a set of resonance structures based on calculated formal charges for each atom in each structure.

· Identify exceptions to the octet rule in bonding: odd electron species, expanded octet species, electron deficient species.

	Molecular Geometry
	· For a given Lewis structure, determine the steric number of the central atom(s).

· Explain how the valence shell electron pair repulsion (VSEPR) model predicts the electron geometry of a molecule or polyatomic ion.

· Memorize the following electron geometries: linear, trigonal planar, tetrahedral, trigonal bipyramidal, and octahedral.

· Based on the steric number and number of lone pairs present on the central atom(s), predict the molecular geometry of a molecule or polyatomic ion.

· Memorize the following molecular geometries and associated bond angles: linear, trigonal planar, bent, tetrahedral, trigonal pyramidal, trigonal bipyramidal, seesaw, T-shaped, octahedral, square pyramidal, square planar.

· When multiple geometries are possible predict the most stable geometry through minimization of the lone pair/bond pair repulsion
· Draw a 3-D sketch of a molecule or polyatomic ion using predicted molecular geometry. 

	Molecular Polarity
	· Describe how bond dipole moments can add and subtract using simple vector analysis.

· Evaluate a molecule’s net dipole moment based on individual bond dipole moments and VSEPR geometry.

· Discuss the importance of molecular polarity with reference to the physical properties of water, methane, and carbon dioxide.

	Valence Bond (VB) Theory 
	· Using s and p orbitals, sketch examples of  and  interactions, good overlap interactions, and poor overlap interactions.

· Use orbital energy diagrams to represent the hybridization of atomic orbitals to form hybrid orbitals.

· Reproduce qualitative sketches of sp, sp2, sp3, dsp3, and d2sp3 hybrid orbitals.

· Demonstrate how the various hybrid orbitals account for the variety of observed geometries of molecules or ions.

· Sketch molecules or ions using atomic orbitals, hybrid orbitals, or a combination, including the formation of double and triple bonds.

	Molecular Orbital (MO) Theory 
	· Illustrate the formation of a bonding molecular orbital and an antibonding molecular orbital from two atomic orbitals.

· Explain the energetic difference between bonding and antibonding orbitals.

· Explain why atomic orbitals of similar shape and energy are preferred for creating molecular orbitals.

· Explain the difference between paramagnetism and diamagnetism.

· For diatomic molecule or ion sketch the molecular orbital diagram, labeling all bonding and antibonding orbitals (, *, , *), calculate the bond order, and determine the magnetism.

· Write the electron configuration of the molecule.

· Compare and contrast valence bond theory with molecular orbital theory.
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