Chapter 8 Chem II
Molecular Structure and Covalent Bonding Theories

Objectives:

· Describe the basic Idea of the valence shell electron pair repulsion (VSEPR) theory.

· Use the VSEPR theory to predict the electronic geometry of polyatomic molecules and ions

· Use the VSEPR theory to predict the molecular geometry of polyatomic molecules and ions.

· Describe the relationships between molecular shapes and molecular polarities

· Predict whether a molecules is polar or nonpolar

· Describe the basic ideas of the valence bond (VB) theory

· Analyze the hybrid orbitals used in bonding in polyatomic molecules and ions

· Use hybrid orbitals to describe the bonding in double and triple bonds

I. Section 8-1 A preview of the Chapter

a. Valence shell- electrons involved in bonding

b. Two theories used to discuss covalent bonding

i. VSEPR (valence shell electron pair repulsion theory)- 

1. tells us- how to predict the spatial arrangement of atoms in a polyatomic molecule or ion

2. does not tells us- how bonding occurs, just where it occurs

ii. VB (valence bond) – describes how the bonding takes place in terms of overlapping
c. Steps to predicting structure

i. Write the Lewis formula for the molecule or polyatomic ion, and identify a central atom- an atom that is bonded to more than one other atoms (8-2)
ii. Count the number or regions of high electron density on the central atom (8-2)

iii. Apply the VSEPR theory to determine the arrangement of the regions of high electron density ( the electronic geometry) about the central atoms (tables 8-1 and 8-4)

iv. Using the Lewis formula as a guide, determine the arrangement of the bonded atoms (the molecular geometry) about the central atom, as well as the location of the unshared valence electron pairs on the the atom (parts B of Sections 8-5 through 8-12 (tables 8-3 and 8-4)

v. If there are lone (unshared) pairs of valence shell electrons on the central atom, consider how their presence might modify somewhat the ideal molecular geometry and bond angles deduced in step 4(sections 8-2, of sections 8-8 through 8-12)

vi. Use the VB theory to determine the hybrid orbitals utilized by the central atom; describe the overlab of these orbitals to form bonds; describe the orbitals that contain unshared pairs of valence shell electrons on the central atom (parts C of sections 8-5 through 8-12; sections 8-13; tables 8-2 and 8-4)

vii. If more than one atom can be identified as a cental atom, repeat steps 2 through 6 for each central atom, to build up a picture of the geometry and bonding in the entire molecule or ion.
viii. When all central atoms in the molecule or ion have been accounted for, use the entire molecular geometry, electronegativity differences, and the presence of lone pairs of valence shell electrons on the central atom to predict molecular polarity. (sections 8-3; parts B of sections 8-5 through 8-12)

II. Section 8-2 Valence Shell Electron Pair Repulsion Theory

a. Basic ideas

i. Each set of valence shell electrons on a central atom is significant.

ii. The sets of valence shell electrons on the central atom repel one another

iii. They are arranged about the central atom so that repulsions among them are as small as possible.

b. Central atom- an atom bonded to more than one atom

c. First count the regions of high electron density

i. Each bonded atom is counted as one region of high electron density, whether the bonding is single, double, or triple,

ii. Each unshared pair of valence electrons on the central atom is counted as one region of high electron density
d. The theory says the structure is most stable when the regions of high electron density on the central atom are as far apart as possible. The arrangement of these regions of high electron density around the central atom is referred to as the electronic geometry of the central atom.

e. Knowing the number of regions we can predict the molecular geometry

f. Table 8-1
III. Section 8-3 Polar Molecules: The influence of Molecular Geometry

a. Calculate the electron difference for each bond

b. Apply electronic vector, with magnitude and directions to determine molecular polarity.

c. Two conditions for Polar molecule

i. There must be at least one polar bond or one lone pare on the central atom.

ii. A. the polar bonds, if there are more than one, must not be arranged so that their polarities (bond dipoles) cancel

iii. Or    B.  if there are two or more lone pairs on the central atom, they must not be arranged so that their polarities cancel.

IV. Valence bond (VB) theory

a. Hybridizations- the process of orbitals that overlap

b. The new orbitals are Hybrid orbitals

c. Table 8-2 Relations between Electronic Geometries and Hybridization
V. Section 8-5 Linear Electronic Geometry: AB2 Species (no lone pairs of electrons on A)

a. Experimental Facts and Lewis Formulas

i. Several molecules fit this structure

ii. Ex. Include gaseous BeCl2 and others

b.  VSEPR Theory

i. 180 degrees between electron pairs

ii. No unshared pairs on central atoms

iii. Predict polarity

c. Valence Bond Theory

i. S and p orbitals overlap

ii. Two sp hybrids are created
VI. Section 8-6 Trigonal Planer Electronic Geometry: AB3  Species (no lone pairs of electrons on A)
a. Experiment Facts and Lewis Formulas

i. Group IIIA elements

ii. Bond angle of 120

b. VSEPR Theory

i. Three bonded atoms

ii. No lone pairs

iii. Predict polarity

c. Valence Bond theory

i. 2s orbital and two of the 2p orbital overlab

ii. Sp2 hybrid orbitals are created
VII. Section 8-7 Tetrahedral electronic geometry: AB4 species (no lone pairs of electrons on A)

a. Experimental Facts and Lewis Formulas

i. Ex. Methan CH4
ii. Bond angles of 109.5 degrees

b. VSEPR theory

i. Four valence shell electron pairs

ii. No unshared pairs
iii. Tetrahedral

iv. Predict polarity

c. Valence Bond Theory

i. S and all three p orbitals
ii. Creating sp3 hybrid orbitals
VIII. Section 8-8 Tetrahedral Electronic Geometry: AB3U species (one lone pair of electrons on A)

a. Experimental Facts and Lewis Formulas

i. Group VA elements

ii. Shares three of the five

b. VSEPR Theory

i. Three bonds

ii. One unshared pair

iii. 107.3 degrees
iv. Trigonal Pyramidal
v. Predict polarity

c. Valence bond Theory

i. S and all p orbitals

ii. Sp3 hybrid orbitals
IX. Section 8-9  Tetrahedral Electronic Geometry: AB2U2 species (two lone pairs of electrons on A)

a. Experimental Facts and Lewis Formulas

i. Group VIA

ii. Water

b. VSEPR Theory

i. 104.5 degrees

ii. Two unshared pairs
iii. Angular (Bent)
iv. Predict polarity

c. Valence Bond Theory

i. S and all p orbitals

ii. Sp3 hybrid orbitals
X. Section 8-10 Tetrahedral Electronic Geometry: ABU3 species (three lone pairs of electrons on A)

a. Must be linear 
b. Can be non-polar or polar
XI. Section 8-11 Trigonal Bipyramidal electronic Geometry: AB5, AB4U, AB3U2, and AB2U3
a. Experimental Facts and Lewis Formulas

i. Group VA

ii. Six-sided polyhedron two pyramids joined

b. VSEPR Theory

i. Five regions of electron density

ii. Bond angles of 

1. axial to equatorial 90 degrees

2. equatorial to equatorial 120 degrees

3. axial to axial 180  degrees
iii. 4 Shapes

1. AB5, Trigonal Bipyramidal

2. AB4U, seesaw

3. AB3U2, T-shaped

4. AB2U3  Linear

iv. predict polarity

c. Valence Bond Theory

i. Five half filled orbitals to form bonds

ii. One d orbitals

iii. Sp3d hybrid orbitals

d. Unshared Valence Electron Pairs in Trigonal Bipyramidal Electronic geometry

i. Shifts the bonds

ii. Pg 334
XII. Section 8-12 Octahedral Electronic geometry: AB6, AB5U, and AB4U2
a. Experimental Facts and Lewis Formulas

i. Group VIA elements

ii. Sharing six valence electrons

b. VSEPR theory

i. Six valence shell electron pairs

ii. No lone pairs

iii. Bond angles 90 and 180
iv. Three Shapes

1. AB6, Octahedral

2. AB5U, Square Pyramidal 

3. AB4U2,  Square Planer

c. Valence Bond Theory

i. 3s, three 3p, and two 3d orbieasl

ii. Six hyprid orbitals sp3d2

d. Unshared Valence electron Pairs in Octahedral electronic geometry

i. AB5U  square pyramidal

ii. AB4U2 square planer
TABLE 8-3 page 38

XIII. Section 8-13 Compounds containing double bonds

a. Sigma bond- results from head-on overlap of atomic orbitals,

b. Pi bond- results from side-on overlap of atomic orbitals

c. Double bond- consists of one sigma bond and one pi bond
XIV. Section 8-14  Compounds containing triple bonds

a. A triple bond consists of one sigma bond 

b. and two pi bonds
XV. Section 8-15 A summary of electronic and molecular geometries

a. Molecules and polyatomic ions have definite shapes

b. The properties of molecules and polyatomic ions are determined to a great extent by their shapes. Incompletely filled electron shells and unshared pairs of electrons on the central element are very important.

c. Table 8-4 page 344
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