AP Chemistry Unit 5: Periodic Properties, Bonding, & Molecular Geometry


Periodic Properties & Trends (Chapter 7)

Key Terms:

Effective nuclear charge

Bonding atomic radius

Isoelectronic series

Ionization energy

Electron affinity

Coulomb’s law

Core electrons

Valence electrons

Atomic radius

Ionic radius

Electronegativity

AP Chemistry Learning Objectives Addressed:

1.B.1 

a. Based on Coulomb’s Law, the force between two charged particles is proportional to the magnitude of each of the two charges (q1 and q2), and inversely proportional to the square of the distance, r, between them. (Potential energy is proportional to q1q2/r.) If the two charges are of opposite sign the force between them is attractive; if they are of the same sign, the force is repulsive.

b. The first ionization energy is the minimum energy needed to remove the last tightly held electron form an atom or ion. In general, the ionization energy of any electron in an atom or ion is the minimum energy needed to remove that electron from the atom or ion.

c. The relative magnitude of the ionization energy can be estimated through qualitative application of Coulomb’s Law. The farther an electron is from the nucleus, the lower its ionization energy. When comparing two species with the same arrangement of electrons, the higher the nuclear charge ,the higher the ionization energy of an electron in a given subshell. 

1.B.2

d. Core electrons are generally closer to the nucleus than valence electrons, and they are considered to “shield’ the valence electrons form the full electrostatic attraction of the nucleus. This phenomenon can be used in conjunction with Coulomb’s Law to explain/rationalize/predict relative ionization energies. Differences in electron-electron repulsion are responsible for the differences in energy between electrons in different orbitals in the same shell.

1.C.1

a. The structure of the periodic table is a consequence of the pattern of electron configurations and the presence of shells (and subshells) of electrons in atoms. 

c. For many atomic properties, trends within the periodic table (and relative values for different atoms and ions) can be qualitatively understood and explained using Coulomb’s Law, the shell model, and the concept of shielding/effective nuclear charge. These properties include:

1.  First ionization energy

2. Atomic and ionic radii

3. Electronegativity

4. Typical ionic charges

d. Periodictity is a useful tool when designing new molecules or materials, since replacing an element of one group with another of the same group may lead to a new substance with similar properties. For instance, since SiO2, can be a ceramic, SnO2, may be as well. 

Make Key Terms flashcards. These are due on Tuesday, November 12. You will have a quiz (use of cards allowed) on this day.

You will be responsible for reading and taking your own notes on sections 7.6, 7.7, and 7.8. This includes working the sample and practice exercises 7.8 – 7.10 on your own. You will have an open notes quiz covering these sections on Monday, November 11!

Sections 7.1 & 7.2 (Due Wednesday, November 6)

· 7.11

· 7.13

Section 7.3 (Due Wednesday, November 6)

· 7.17

· 7.19

· 7.23

· 7.27

· 7.31

· 7.33

Sections 7. 4 & 7.5 (Due Wednesday, November 6)
· 7.37

· 7.39

· 7.41

· 7.43

· 7.49

Section 7.6 (Due Monday, November 11)

· 7.57

· 7.63

Sections 7. 7 & 7.8 (Due Monday, November 11)
· 7.65

· 7.69

Chemical Bonding (Chapter 8)
Key Terms

Chemical bonds

Ionic bonds

Covalent bonds

Metallic bonds

Lewis symbols

Octet rule

Lattice energy 

Born-Haber cycle

Lewis structures

Single bond

Double bond

Triple bond

Bond length

Bond polarity

Nonpolar covalent bond

Polar covalent bond

Electronegativity

Polar molecule

Dipole

Dipole moment

Formal charge

Resonance structures

Bond enthalpy

AP Chemistry Learning Objectives Addressed

2.C.1

a. Electronegativity is the ability of an atom in a molecule to attract shared electrons to it.

b. Electronegativity values for the representative elements increase going from left to right across a period and decrease going down a group. These trends can be understood qualitatively through the electronic structure of the atoms, the shell model, and Coulomb’s Law.

c. Two or more valence electrons shared between atoms of identical electronegativity constitute a nonpolar covalent bond.

d. However, bonds between carbon and hydrogen are often considered to be nonpolar even though carbon is slightly more electronegative than hydrogen. The formation of a nonpolar covalent bond can be represented graphically as a plot of potential energy vs. distance for the interaction of two identical atoms. Hydrogen atoms are often used as an example.


1. The relative strengths of attractive and repulsive forces as a function of distance determine the shape of the graph.


2. The bond length is the distance between the bonded atoms’ nuclei, and is the distance from minimum potential energy where the attractive and repulsive forces are balanced.


3. The bond energy is the energy required for the dissociation of the bond. This is the net energy of stabilization of the bond compared to the two separated atoms. Typically, bond energy is given on a per mole basis.

e. Two or more valence electrons shared between atoms of unequal electronegativity constitute a polar covalent bond.


1. The difference in electronegativity for the two atoms involved in a polar covalent bond is  not equal to zero.


2. The atom with the higher electronegativity will develop a partial negative charge relative to the other atom in the bond. For diatomic molecules, the partial negative charge on the more electronegative atom is equal in magnitude to the partial positive charge on the less electronegative atom.


3. Greater differences in electronegativity lead to greater partial charges, and consequently greater bond dipoles.


4. The sum of partial charges in any molecule or ion must be equal to the overall charge on the species.

f. All bonds have some ionic character, and the difference between ionic and covalent bonding is not distinct but rather a continuum. The difference in electronegativity is not the only factor determining if a bond is designated ionic or covalent. Generally, bonds between a metal and nonmetal are ionic, and between two nonmetals the bonds are covalent. Examination of the properties of a compound is the best way to determine the type of bonding.

2.C.2

a. The cations and anions in an ionic crystal are arranged in a systematic, periodic 3-D array that maximizes the attractive forces among cations and anions while minimizing repulsive forces.

b. Coulomb’s Law describes the force of attraction between cations and anions in an ionic crystal.


1. Because the force is proportional to the charge on each ion, larger charges lead to stronger   
    interactions.


2. Because the force is inversely proportional to the square of the distance between the 
    centers of the ions (nuclei), smaller ions lead to stronger interactions.

2.C.3.

a. The valence electrons from the metal atoms are considered to be delocalized and not associated with any individual atom.

b. Metallic bonding can be represented as an array of positive metal ions with valence electrons drawn among them, as if the electrons were moving (i.e., a sea of electrons).

c. The electron sea model can be used to explain several properties of metals, including electrical conductivity, malleability, ductility, and low volatility.

d. The number of valence electrons involved in metallic bonding, via the shell model, can be used to understand patterns in these properties, and can be related to the shell model to reinforce the connections between metallic bonding and other forms of bonding. 

C.2.4

a. Lewis diagrams can be constructed according to well-established set of principles.

c. In cases where more than one equivalent Lewis structure can be constructed, resonance must be included as a refinement to the Lewis structure approach in order to provide qualitatively accurate predictions of molecular structure and properties (in some cases).

d. Formal charge can be used as a criterion for determining which of several possible valid Lewis diagrams provides the best model for predicting molecular structure and properties. 

h. Bond formation is associated with overlap between atomic orbitals. In multiple bonds, such overlap leads to the formation of both sigma and pi bonds. The overlap is stronger in sigma than pi bonds, which is reflected in sigma bonds having larger bond energy than pi bonds. The presence of a pi bond also prevents the rotation f the bond, and leads to structural isomers. In systems, such as benzene, where atomic p-orbitals overlap strongly with more than one other p-orbital, extended pi bonding exists, which is delocalized across more than two nuclei. Such descriptions provide an alternative description to resonance in Lewis structures. A useful example of delocalized pi bonding is molecular solids that conduct electricity. The discovery of such materials at the end of the 1970s overturned a long-standing assumption in chemistry that molecular solids will always be insulators.

i. Molecular orbital theory describes covalent bonding in a manner that can capture a wider array of systems and phenomena than the Lewis or VSEPR models. Molecular orbital diagrams, showing the correlation between atomic and molecular orbitals, are a useful qualitative tool related to molecular orbital theory. 

Make Key Terms flashcards. These are due on Friday, November 15. You will have a quiz (use of cards allowed) on this day.

Chapter 8 End of Chapter Assignments:

Section 8.1 (Due Wednesday, November 13)

· 8.3

· 8.1

Section 8.2 (Due Wednesday, November 13)

· 8.17

· 8.23

Sections 8.3 & 8.4 (Due Wednesday, November 13)

· 8.29 (c)

· 8.31

· 8.33 (c)

· 8.37

· 8.39

Sections 8.5 & 8.6 (Due Thursday, November 14)

· 8.45

· 8.49

Section 8.7 (Due Thursday, November 14)
· 8.59

· 8.61

Section 8.8 (Due Friday, November 15)
· 8.65

· 8.69


Molecular Geometry & Bonding Theories (Chapter 9)

Key Terms

Bond angles

VSEPR model

Bonding pairs

Nonbonding pairs

Electron-domain geometry

Molecular geometry

Valence bond theory

Overlap

Hybrid orbitals

Hybridization

Sigma (σ) bond

Pi (π) bond

Molecular orbital theory

Molecular orbitals

Bonding molecular orbital

Antibonding molecular orbital

Sigma molecular orbitals

Molecular orbital diagram

Pi (π) molecular orbital

Paramagnetism

Diamagnetism

AP Chemistry Learning Objectives Addressed

2.C.4

b. The VSEPR model uses the Coulombic repulsion between electrons as a basis for predicting the arrangement of electron pairs around a central atom.

e. The combination of Lewis diagrams with the VSEPR model provides a powerful model for predicting structural properties of many covalently bonded molecules and polyatomic ions, including the following:


1. Molecular geometry


2. Bond angles


3. Relative bond energies based on bond order


4. Relative bond lengths (multiple bonds, effects of atomic radius)


5. Presence of a dipole moment

f. As with any model, there are limitations to the use of the Lewis structure model, particularly in cases with an odd number of valence electrons. Recognizing that Lewis diagrams have limitations is of significance.

g. Organic chemists commonly use the term “hybridization” and “hybrid orbital” to describe the arrangement of electrons around a central atom. When there is a bond angle of 180o, the central atom is said to be sp hybridized; for 120o, the central atom is sp2 hybridized; and for 109o, the central atom is sp3 hybridized. Students should be aware of this terminology, and be able to use it. When an atom has more than four pairs of electrons surrounding the central atom, students are only responsible for the shape of the resulting molecule.

Make Key Terms flashcards. These are due on Friday, November 22. You will have a quiz (use of cards allowed) on this day.

Chapter 9 End of Chapter Assignments

Sections 9.1 & 9.2 (Due Thursday, November 21)
· 9.11

· 9.15

· 9.16

· 9.19

· 9.21

· 9.25

· 9.29

Section 9.3 (Due Thursday, November 21)
· 9.35

· 9.37

Sections 9.4 & 9.5 (Due Thursday, November 21)
· 9.41

· 9.47

Section 9.6 (Due Thursday, November 21)
· 9.51
· 9.53

· 9.56

Section 9.7 (Due Tuesday, November 26)
· 9.61

· 9.67 c

· 9.71

