Chapter 9: Molecular Geometry & Bonding Theories

Problem Set #8, 10, 16, 20 (and draw overall dipole moments), 30, 34, 36, 41, 59, 73; Recommended #9, 11, 13, 19, 25, 31, 40, 55, 60

9.1: VSEPR: 

· Because e- pairs ______, molecular shape adjusts so the valence e- pairs are

· Bonding e- pairs and nonbonding e- pairs all contribute to

Summary of LmABn (Tables 9.1 - 9.3, p 298 & 301-2)

L = Non-bonding domain (lone pair of e-)

A = Central atom

B = Bonding domain (bonding pair of e-)

Bond Angles: 
< xº 

means ~2-3º less than predicted

<< xº 

means ~4-6º less than predicted

	Electron domains

(e- pairs) & Hybrid orbitals
	Electron domain

geometry
	Formula
	Molecular geometry
	Predicted bond angles
	Example

	2 pairs

Two sp orbitals
	Linear
	
	
	
	CO2

	3 pairs

Three sp2 orbitals
	Trigonal planar
	
	
	
	BF3

	
	
	
	
	
	NO2

	4 pairs

Four sp3 orbitals
	Tetrahedral
	
	
	
	CH4

	
	
	
	
	
	NH3

	
	
	
	
	
	OH2

	# Electron Domains

(e- pairs) /

Hybrid Orbitals
	Electron Domain

(e- pairs)

Geometry
	Formula
	Molecular Geometry
	Predicted Bond Angles
	Example

	5 pairs

Five sp3d orbitals


	Trigonal bipyramidal
	AB5
	Trigonal bipyramidal
	Equatorial = 120º

Axial = 90º
	PCl5

	
	
	LAB4
	Seesaw
	Equatorial < 120º

Axial < 90º
	SF4

	
	
	L2AB3
	T-shaped
	Equatorial << 120º

Axial < 90º
	ClF3

	
	
	L3AB2
	Linear
	Axial = 90º
	XeF2

	6 pairs

Six sp3d2 orbitals
	Octahedral
	AB6
	Octahedral
	90º
	SF6

	
	
	LAB5
	Square pyramidal
	< 90º
	BrF5

	
	
	L2AB4
	Square planar
	90º
	XeF4


I. Molecular polarity: a molecule is polar if its centers of (+) and (-) charge do not coincide.
· A bond’s polarity is determined by EN between the atoms in the bond.
· Partial positive and partial negative on atoms in a polar bond are represented with

· Bond polarity can also be represented with an arrow that points toward the partial negative (more EN atom.)  This represents a shift in electron density toward the more EN atom.

A. The dipole moment () is a vector; it is a measure of the polarity of a bond which contains charges (Q) that are separated by a distance (r).

· Measured in debyes (D), 1 D = 3.34 x 10-30 C-m

· Named after Peter Debye (Nobel Prize, Chemistry 1936)
Ex: The H-Cl bond length is 1.27 Ǻ; assuming that the charges are +1 and –1, calculate the dipole moment, , of HCl.

B. The sum of the dipole moments (the polarity vectors) of the bonds in a molecule determines the polarity of the molecule.

1. Draw the Lewis structure.

2. Draw the individual bond dipoles.

3. Draw the overall dipole moment. 

CO2




H2O




NH3
BF3




CCl4




SO2

II. Covalent Bonding and Orbital Overlap

Valence-bond theory: overlap of orbitals between atoms in a molecule results in a shared valence e- pair for bonding.


III. Hybrid Orbitals: an attempt to explain the relationship between overlapping orbitals and observed molecular geometries (VSEPR).

“sp” hybrid orbitals

BeF2 (g): observed as a linear molecule with 2 Be-F bonds of equal length.  Be has 2 valence e- in the 2s orbital it can overlap with a 2p orbital of each F atom to bond.

To form 2 equal bonds with 2 F atoms:

1. Be promotes (raises in energy) one of its 2s e- to an empty 2p orbital.

2. By hybridizing (“mixing”) one s and one p, 2 equivalent “sp” orbitals are produced.

3. When 2 Be sp orbitals overlap with 2 F p orbitals, the resulting bonds are stronger than would be expected from a normal Be s-orbital and F p-orbital overlap.  (This makes up for energy needed to promote the Be e- originally.)

Be (ground state)

→
Be (promoted state)
→
Be (sp hybrid)


2p

2s

Orbital “shapes”

One s 
+ 
one p


→ 

Two 2 sp orbitals

In a Lewis structure, whenever a central atom has exactly 2 e- domains, sp hybrid orbitals are present.

“sp2” hybrid orbitals

BF3 (g): observed as a trigonal planar molecule with 3 B-F bonds of equal length.  B has 2 valence e- in 2s and 1 in 2p that overlap with a 2p orbital of each F atom to bond.

B (ground state)

→
B (promoted state)
→
B (sp2 hybrid)


2p

2s

Orbital “shapes”

One s

+
two p
 

→ 

Three sp2 orbitals

Whenever a central atom has exactly 3 e- domains, sp2 hybrid orbitals are present.

“sp3” hybrid orbitals

CH4 (g): observed as tetrahedral

C (ground state)

→
C (promoted state)
→
C (sp3 hybrid)


2p

2s

Orbital “shapes”

One s 

+
three p 

→ 

Four sp3 orbitals

Whenever a central atom has exactly 4 e- domains, sp3 hybrid orbitals are present.

“sp3d” hybrid orbitals

PF5 (g): observed as a trigonal bipyramidal; to form 5 bonds of equal energy (not equal length, however):

P (ground state)

→
P (promoted state)
→
P (sp3d hybrid)


3d

3p

3s

Orbital “shapes”

One s 

+
three p 
+
One d

→ 

Five sp3d orbitals

“sp3d2” hybrid orbitals

SF6 (g): observed as octahedral; to form 6 bonds of equal energy (not equal length, however), hybridizes one s, three p, and two d to form six sp3d2 hybrid orbitals.

Orbital “shapes”

6 sp3d2 orbitals

Nonbonding e- pairs (lone pairs): occupy hybrid orbitals

H2O (g): observed as a bent, but e- domain geometry is tetrahedral.

To form 2 equal bonds:

O (ground state)

→
O (promoted state)
→
O (sp3 hybrid)


2p

2s

Orbital “shapes”

4 sp3-orbitals (2 bonding and 2 nonbonding)
Energy


(kJ/mol)


0
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Figure 9.13: Formation of bond in H2.


As one H atom approaches another, their valence electron 1s orbitals being to overlap, when H-H distance approaches 0.74 Å, energy lowers b/c of 








When H-H distance < 0.74 Å, energy increases b/c of electrostatic repulsion between








When H-H distance = 0.74 Å, energy is at its lowest because of electrostatic attractions and repulsions are balanced.  This represents the actual H-H bond distance.
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